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Habitat selection by, ecological energetics of, and the effects ofchanges in white

pine (Pinus strobus L.) forests on Red Crossbills (Loxia curvirostra) were studied in

Algonquin Provincial Park.. Ontario. Birds were surveyed in several forest habitats and

daily activities were observed during the breeding season in the autumn of 1998.. a good

year for white pine seed production. During the autumn of 1997 and summer of 1998,

surveys of white pme stumps from trees harvested in the mid-laIe 1800s were conducted.

Breeding birds toraged in stands with a minimum of 4()O~ white pine, and appeared to

prefer stands.. both rnixed deciduous-coniferous (40-700/0 white pine) and pine (>70%

white pine) along roads. Possible reasons for this were: 1) seeds from trees along the

road were more available to birds: 2) open-grown trees along the road had larger crowns

with more seeds: and 3) the road provided grit and was adjacent to a tàvorite foraging

area. A time-activity budget indicated that the birds managed to balance energy needs by

toraging on white pine seeds tor less than 1 br/clay. For a pair of Red Crossbills to breed

successfully.. they had to rear 3 young to tledging, subsidizing the tledglings" diets for an

additional 2 weeks until they could forage on their own. TotaI cost of successful

reproduction for a pair required the consumption of 34, 025 white pine seeds. Surveys of

~'hite pine stumps and a GIS based pine-soil model suggested that the area of optimal

breeding habitat in Algonquin Park is halfof what it was prior to Europèan settlement

{18505). As a resul~ numbers of potential breeding pairs of Red Crossbills were halfof

what they likely were before logging ofold-growth white pines occurred in the mid

nineteenth century. This estimate is conservative. Ifhistorical white pine forests produced

more seedslhectare than current forest stands.. this would have additional negative impacts,

funher reducing the potential numbers of breeding birds.
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RÉsuMÉ

Ce projet visait à étudier la sélection d'habitat par le bec-croisé des sapins (Loxia

curvirostra) ainsi que son bilan énergétique et les effets de la pene de vieilles forêts de pin

blanc (Pinus strobus L.) sur les populations de l"espèce dans le Parc Provincial

d'Algonquin. Ontario. Un inventaire des oiseaux a été effectué dans plusieurs habitats et

les activités journalières ont été observées pendant la saison de reproduction à l'automne

1998 qui s'est avérée être bonne pour la production de graines de pin blanc. Pendant

l'automne 1997 et l"été 1998. un dénombrement des souches de pin blanc coupées pendant

le milieu et la fin du 19C siècle a été effectué dans le but d'esùmer les densités historiques

des populations de pins. Ces densités furent également estimées à l'aide de modèles pin­

sol liés à un système d'infonnation géographiques (SIG), ainsi que par la compilation de

données extraites de; publications scientifiques. Pendant la saison de reproduction" les

oiseau:< s'alimentaient davantage dans des peuplements ayant plus de 40% de pin blanc. et

semblaient préférer des peuplements mixtes (40-70% de pins) ou des peuplements de pins

(plus de 700/0 de pins) en bordure des routes. Les raisons pouvant expliquer cette situaùon

sont: 1) les arbres le long des routes auraient des graines plus accessibles au.x oiseau.x; 2)

les arbres en milieu ouvert le long des routes auraient des cimes plus grandes et contenant

plus de graines; 3) les bordures de routes offriraient une plus grande accessibilité au

gravier et à un lieu d'alimentation prétërentieL Les observations des activités journalières

ont indiqué que les individus parvenaient à combler leurs besoins énergétiques en

s'alimentant de graines de pin blanc pendant moins d'une heure par jour. Pour qu~un

couple de bec-croisé parvienne à se reproduire avec succès, il devait élever et alimenter

trois jeunes de la naissance jusqu'à l'envol. En plus.. il devait partiellement alimenter les

jeunes pour une période additionnelle d'environ deux semaïnesjusqu'à ce qu'ils puissent

s'alimenter par eux-même. Les coûts énergétiques totaux pour parvenir à la reproduction

nécessitaient la consommation de plus de 34 025 graines de pin blanc. Les résultats des

analyses de densités historiques de pins suggèrent que la quantité d'habitats propices à la

reproduction du bec-croisé des sapins dans le parc Algonquin aurait diminué de moitié

ili
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depuis les coupes intensives de pin blanc survenues au début de la colonisation européenne

(milieu du 1fJC siècle). En conséquence. les populations reproductrices de 1~espèce seraient

potentiellement la moitié de ce qu~elles étaient à l'époque. Cet estimé est considéré

comme étant conservateur. De plus~ on peut émettre l'hypothèse que si les peuplements

historiques de pins produisaient davantage de graines que les peuplements actuels.

1~ estimation des réductions de populations pourrait ètre encore plus imponante.
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PREFACE

Contribution ofAuthors

This thesis consists of a literature review preceding three manuscripts intended for

publication with myself as the senior author, and with lan D. Thompson and Rodger D.

Titman as junior authors. L D. Thompson and R. D. Titman were involved in

experimental design and execution of the research. and analytical and editorial guidance. 1

was involved in the design of the field research. 1coUected the data. and 1was responsible

tor data analysis and writing the manuscripts. For literature citations~ 1used guidelines

provided by The Auk. published by the American Omithologists' Union. As weiL each

manuscript has its own literature citations. The tollowing is included in accordance with

the reguJations of the Faculty of Graduate Studies and Research. McGill University:

··Candidates have the option of including, as pan of the thesis. the text ofone or

more papers submitted. or to be submitted. for publication. or the clearly duplicated text of

one or more published papers. These texts must comonn to the ··Guidelines tor Thesis

Preparation" with respect ta font size. lioe spacing and margin sizes and must he bound

together as an integral pan of the thesis. The thesis must he more than a collection of

manuscripts. Ali components must he integrated ioto a cohesive unit with logical

progression trom one chapter to the next. In order to eosure that the thesis bas continuity.

connecting texts that provide logical bridges between the ditTerent papers are mandatory.

The thesis must confonn to all other requirements of the ""Guidelines for Thesis

Preparation" in addition to the manuscripts. The thesis must include the following: a table

ofcontents: an abstraet in English and French; an introduction which clearly states the

rationale and objectives of the research: a comprehensive review of the literature (in

addition to that covered in the introduction to each paper); and a final conclusion and

summari'·

xii



•

•

•

INTRODUCTION

This thesis focuses on habitat selectio~ ecologicaJ energetic~ and etIects of

logging ofold-growth white pine (Pinus strobus L.) on populations of Red Crossbills in

Algonquin Provincial Park.. Ontario. Previous research on this species bas considered

toragïng behaviour. the evolution of the crossed mandible, variability in Red Crossbill

types~ specialization of food sources, synchronous eroptions, and food protitability. Little

is understood about habitat selection.. and importance ofold-growth and mature forests in

eastern Canada as breeding habitats for Red Crossbills. They are the MOst SPecialized of

the seed-eating birds in this region.. hence they are a good candidate as an indicator species

of sustainable torest management. As such. it is usefuJ to examine long-term trends in

their populations as aftècted by habitat change trom timber harvesting. The objectives of

!bis research were: 1) to bener understand habitat selection by Red Crossbills: 2) to

determine energetic costs of breeding crossbills in order to estimate conifer seed

requirements: and 3) to estimate long-term changes in optimal Red Crossbill habitat and

inter effects on potential breeding populations~ using Algonquin Park. Ontario. as an

example area.

1
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LITERATURE REVIEW

Introduction

The Red Crossbill (Loxia curvirostra) is a member of the family Fringillidae~ and of

the subtàmily Carduelinae. Although its plumage can he highly variable, the male is

generally reddish overalL the female is grey to yellowish olive, and the juvenile is

conspicuously streaked. Its most distinct tèature is the bill with crossed tips't which il

shares with ooly one other species in Nonh .-'\merica. the White-winged Crossbill (L.

/eucoprera). The evolution ofcrossed mandibles in crossbills is indicative oftheir

dependence on conifer seeds as a food resource. Many 5peCies of floches depend on

conifer seeds for tbod~ but crossbills are the MOst specialized of the seed-eating birds.

ln eastem Canada. Red Crossbills are found in the southem boreal forests~ and in

the Great Lakes-St. Lawrence and Acadian forest regions (Cadman et al. 1987, Erskine

(992). They are most common in pine-dominated habitats. particuJarly white pine (Pinus

strobus) tbrests (Lawrence 1949~ Benkman 1987a. b). Although their movements have

been called ··erratic·' and ·-unpredictable·· (Griscom 1937. Bent 1968. Newton 1970. 1972~

Payne 1987)~ tbey nonnally occur in an area in response to conifer crops (Reinikainen

1937. Lawrence 1949. Bailey et al. 1953.. Newton 1970.. Bock and Lepthien 1976~

Benkman 1990). Red Crossbills tbllow large cone crops and in years ofabundant cones~

they aggregate in large tlocks in those regions which have cones.

Variation in Red Crossbills

Eight distinct types of Loxia curvirostra have becn identified in North America

(Groth 1991. 1993). Mucb etTort bas been made to classify Red Crossbills into subspecies

(Griscom 1937. Monson and Phillips 1981 ~ Payne 1987, Groth (988), but Groth ( 1991 ,

1993) argued that these types are aetually separate sibling species. Each type is

morphologically distinct and vocally defined (Groth 1991. (993), and these characteristics

do Dot vary even when individuals ofone type are separated by thousands ofkilomettes

(Groth 1993). This suggests that the different forms are reproductively isolated (Groth

..,
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1993), even though many types MaY occur and breed simultaneously in the same area.

Reproductive isolation could justify species assignment to the different types. Although

renaming ofthese forms bas been suggested by Groth (1993), it would he very difficult

because tbere is sorne overlap in morphology among types, and differences cao be so slight

that species division cannot be done with cenainty in Many situations (Groth 1993).

Evolution ofT.,vpes

The morphologicai variation among types of Red Crossbill is exhibited in varying

body size.. and bill size and shape. Bill size affects rime it takes to acquire seeds from

cones (Benkman 1987b). Different bill sizes are associated with different conifer species

(Groth 1993) because coDe structure and seed size bave intluenced body and bill

morphology (Benkman 1993a). ·"The variety of "niches' presented by the diversity of

coniter cones may be a zone in which adaptive radiation (in bill size) bas been possible"

(Groth 1993). [mportant in the evolution of different forms of Red Crossbills is the

reliance 00 seeds ofkey conifers duriog periods of food scarcity (i.e. laie winter, or years

ofpoor seed production) (Benkman 1993a). Each type of Red Crossbill is specialized for

toragjng on its key coniter because il bas either optimal bill size, optimal husking groove

width. or both (Benkman 1993a). Key canifers produce seeds reguJarly trom year to year..

hold seeds in cones during WÎnter. and have cones tbat are weIl protected from species

other than crossbills (Benkman 1993a).

Groth (1993) associated crossbill types with subspecies allocations commonly used

in published literature. Type 3 is the smallest Red Crossbill. previously called L. c. minor.

L. c. sitkensis and L. c. reai (Payne 1987). The word minor is the MOst prevalent in

published sources. Larger fonns. Types 1 and Type 4. are likely L. c. neogaea and L. c.

vivdor. but there is some confusion associated with these types (Groth 1993). The largest

Red Crossbills are Types 2.. 5 and 7. which are L. c. pusi//a, although synonyms are L. c.

benli. L. c. grinne//i, and also L. c. bendirei. Type 6 bas ooly been named L. c. srric/clandi

and Type 8 consists of Newfoundland birds~ L. c. percna (Groth 1993).

At least three types (2~~4) of Red Crossbill are found in northeastem North

3
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Ameri~ panieularly central Canada (Benkman 1987~ Groth 1993). In the study regioo

for this research projec~ Algonquin Provincial Par~ Ontario. Benkman (l987~ b)

observed the toraging habits of types 2 and 3. Type 2 birds foraged on white pine seeds in

Virginia and North Carolina (Groth 1988). The subject of this study is Type 2 Loxia

curvirostra which is reliant on white pines as a food source.

Foraging Technique

Crossbills have relatively iarge bodies in relation to billiength and depth compared

to other earduelines (Benkman 1988a). This is presumably beeause extraeting seeds from

cones requires more bill strength than just husking the seed (as other cardueline floches

do). As weil. Benkman (1988b) determined that the crossed mandible was a clear

adaptation for separating the scales and extracting seeds from closed cones. The bird

creates a gap between the cone seales by stiding the pointed upper mandible in a biting

motion. tearing the closed scale. 115 jaws are then spread sideways and bill is opened.

inereasing and deepening the gap between the scales (Benkman 1987b). Often, the lower

mandible is braced against a distal seale while the upper mandible works its way deeper

ioto the gap created. When the seed is exposed, the tongue scoops it towards the bill to he

husked (Benkman 1987b). Crossbills remove the seed coat and consume only the seed

kemel (Benkman 1987a). Empty seeds are discarded.

Crossbills are the ooly known carduelines able to forage on closed cones (Smith

and Balda 1979).. thereby pennining the exploitation of resources that less-specialized

tinches cannot access. This adaptation also enables crossbills to forage on conifer cones

throughout the year (Bock and Lepthien 1976). Benkman and Lindholm (1991) concluded

that crossed mandibles ofL. c. minor increase foraging efficiencies 00 reclosed and tighdy

dosed seales ofclosed cones. However.. a disadvantage ofcrossed mandibles is a reduced

ability to survive on non-eonifer seeds because of increased prying (handling) time

(Benkman 1988a). Studies show that foraging efficiency on other types of tree seeds

decreases with increased crossing of the mandibles. creating a dependence on specific

conifers by this genus (Benkman 19883, b).

4
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Crossbills forage on cones attached to trees., and navigate branches mucb like

parrots do by using their feet and bills (Newton 1972). They tly trom cone to cone and

trom tree te> tree while foraging, and extraet and husk seeds while banging from cones

(Newton 1972). Benkman (1987a) measured intake rates (dry mass ofseed kernel

consumed per second) of Red Crossbills. He concluded that time spent husking a given

seed type is constant.. and that time spent removing seeds from cones is the most variable

and time consuming component offoraging(Be~ 1987a, b). Stage ofripening is

also a main factor affecting foraging rates.. although seed size and structure do not change

much in various cone stages (Benkman 1987b).

Crossbi/l Dier

Red crossbills feed predominantly on conifer seeds (Newton 1972., Benkman

1987a) and are inefficient al toraging on other types oftood (Benkman 1988~ b).

Nevertheless~ they have been observed eating buds and insects (Halvorson. 1986). Bailey

et al. (1953) recorded crossbills eating almonds, sunflower seeds, hemp, buds of

cottonwood. gum.. frozen apples and pears.. parts ofeucalyptus, and insects such as

caterpillars.. aphids, and tree galls. lnterestingly, though., TordotTand Dawson (1965)

stated that crossbills do Dot need insects in their diet, even for newly hatched young, and il

bas been documented tbat crossbills do feed conitèr seeds to their young (Bailey et al.

1953. Adkisson 1996). Red Crossbills also consume gril reguJarly (Benkman (990), like

other granivorous birds.

Inrerspecific Competition

In the nonheast. competition with oilier seed-eaters is likely highest during the

winter for L. c.sitkensis, which depends on eastem hemlock (Tsuga canadensis) along with

White-winged Crossbills (Benkman 1987a). This competition is less evident for larger

forms ofRed Crossbills. which forage mostly on pines. In years ofpoor seed production

this competition is more apparent (Benkman 1987a). AdditionaDy, during the summer,

both Red and White-~ingedCrossbills forage on white spruce (picea glauca) seeds
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(Benkman 1987a). This overlap decreases in the fiùL and is minor in winter (Benkman

1987a). Common Redpolls (Carduelis flammea) can also compete with Red Crossbills

for tamarack (Larix laricina) and white spruce seeds (Benkman 1987a).

Reproductive Seasonality and the Timing ofReproduction

Although Red Crossbills can nest during any month of the year (McCabe and

McCabe 1933. Bailey et al. 1953), recent studies indicate that they are not purely

opponunistic. as was previously thought (Hahn 1995, 1998). Food was considered to he

the proximal cue in timing of reproduction (Newton 1973, Benkman 1990). Tordoffand

Dawson (1965) suggested that Red Crossbills can reach a panial state of readiness dwing

any photoperiod. but final maturation ofgonads depends on food availability. Hahn

( 1998) proposed that crossbill reproduction is not exclusively regulated by availability of

conifer seeds and that crossbills share fundamental similarities with other temperate zone

birds. Crossbills have a seasonal reproductive cycle, and ·"opponunistic responses to

tàvorable conditions are superimposed" (H~ 1995). Photoperiod regulates their basic

annual cycle. and they c;:xlubit opportunistic responses to supplementary cues (such as

tood) ooto this seasonality (Hahn 1995). This is why Red Crossbills most often breed in

lale summer or late winter (Halvorson 1986, Hahn 1998)~ and less olten in late autumn.

Benkman (1990) suggested that crossbills usually breed in Iate summer/~ly tàll because

foraging profitability increases as preferred cone crops (white pine) mature.

AnnuaJ Trends in Conifer Use

Use ofconifers by Red Crossbills is somewhat compücated because there are many

torms. each with their bill morphology, and they use conifer seeds during various cone

stages (Benkman 1987a). Benkman (1987a) studied Red Crossbill foraging ecology in the

nonheastem United States and Canada, where theyexlnbit four periods ofconifer use.

The first occurs in late summer, wben they feed on accessIble white and red sproce (Picea

rubra) cones. The second occurs in September-October, although in sorne years tbis

coukl he earlier, i.e. late August, as was observed in Algonquin Provincial Park in 1998.

6



•

•

•

As the white pine cones ope~ Red Crossbills switch to this conifer. In open white pille

cones. seeds are more accessible than in red pine cones., but white pine cones shed their

seeds faster. As a result., there is a shift trom white pine to red pine from late November to

January., as number ofseeds still in white pine cones declines. This is the third period of

conifer use. This switch from white to red pme may he skipped in abundant white pine

cone years, when birds use this resource into the spring. If white and red pine seeds are

not sufficient. the birds might emigrate in November (Benkman 1987a). During the fourth

period ofconifer use., trom January to Iate spring or summer. Red Crossbills forage on

seeds trom a variety ofconitèr cones, especially other pines including pitch pine (Pinus

rigidaj. Virginia pine (P. virginiana) or jack pine (P. banksiana). These trends were most

typical for L. c. bendirei and L. c. neogaea. Benkman (1987a) also suggested that L. c.

neogaea may depend more on spruce and hemlock. L. c. sitlœnsis forages mostly on

~astem hemlock (Benkman 1987a).

Foraging Projitabi/ity

The rate al which food is consumed.. i.e.. mass (panitioned among prote~ fat and

carbohydrates) consumed per unit time. is called the intake rate. or profitability. For Red

Crossbills. profitability is.. to a certain extent, intluenced by cone type and structure.. timing

ofcone opening and subsequent seed release., and available seed mass per tree and in a

given torest stand (Benkman 1987a). Breeding in crossbills is clearly a function orthe

availability ofconifer seed in cones, which intluences searching time, and ripeness of the

cone crop which affects handling time. Crossbills are likely to he time minirnjzers~

reducing the risk of predation by spending as üttIe time foraging as possible. To

accompüsh this they probably seek out trees with the greatest number ofcones.. in a stand

oftrees with a high availability ofcones, in order to reduce tinte spent searching for food

and thus reducing total movement. Finches are able to consume large numbers ofseeds in

briefperiods oftime, exploiting concentrated food patches rapidly. This enables them to

use food resources that are patchily distnooted (Benkman and Pulliam 1988). Because

crossbill food resources vary annually and regiooally, their ability to search for and exploit
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seed patches ofabundant tood is important (Benkman and Pulliam 1988).

"Profitability contnoutes significantly to patterns ofcrossbill conifer use~ and

patterns ofprofitability determine~ in large pan~ local habitat use and movement"

(Benkman 1987a). Intake rates affect conitèr use by crossbills because they forage on the

most profitable conifer. then switch when profitability declines. Benkman (1987a) lound

that intake rates increased from July to August and September on tamarack and white

spruce seeds.. as cones matured~ but before cones had lost mast oftheir seeds. Use of

black spruce (Picea mariana) and red spruce was highest trom March to May indicating

that these species are important winter foods. Crossbills foraged on the most profitable

conifer most ofthe time (Benkman 1987a).

Habitat and Consena/ion

Population size and status ofaIl but one of the Red Crossbill types (Type 8) is

unknown (Adkisson 1996). Red Crossbills bave become rare in Newfoundland (Pimm

1990. Benkman 1993b). Competition with red squirrels (Tamiasciurus hudsonicusJ .

previously absent and then introduced to Newfoundland in the 1960s, is one possible

reason lor the decline in L. c. percna (Pimm 1990.. Benkman 1993b). Timber-harvesting

ofold lorests.. particuJarly those dominated by spruces and pines, is a more plausible

explanation (Montevecchi et al. unpubl.). Logging, insect damage.. and forest tires have

decreased age and cbanged the composition ofNewfoundJand forests. Especially evident

is a decline in red pine and white pine.. which likely bas had a large impact on Red

Crossbills (Montevecchi et al. unpubl.). Dickerman (1981) concluded tbat L. c. neogaea

nearly became extinct because of the decline ofwhite pille and eastem hemlock from

logging by 1900. He a1so suggested that increases in numbers ofL. c. neogaea (decades

later) were a result of the retum ofsome mature forests ofwhite pine and eastern hemlock

in the Dortheastem USA (and likely in Nova Scotia and New Brunswic~concurrently).

Total area ofwbite pine~ red pine! eastem bemloc~ black spruce.. and white spruce

have alI declined in the oldest age classes in eastem Canada (StieD 1978.. Aird 1985,

Ontario Ministry ofNaturai Resources (OMNR) 1996, OMNR. n.d.). Few data exist on
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the abundance ofcrossbills. Recent observations on foraging Red Crossbills in

Newtoundland suggested that remnant red pme stands (covering ooly a few hectares) are

sorne of the ooly remaining habitats for this species on the isJand (A. Mosseler, pers.

comm.). Montevecchi et al. (unpubL) and Benkman (1993c) concluded that old-growth

conitèr forests are important habitat for crossbills because ofrelative crop stability and

high seed production. Holimon et al. (1998) determined that mature western hemlock fT.

hererophylla) and sitka spruce (P. sitchensis) in Alaska were important to Red Crossbills.

Yet. no study bas examined the imponance ofmature eastem white pine. Pinus strohus L.•

in Red Crossbill habitat selection. White pine is an important food source for Red

Crossbills in the nonheast as noted in Ontario (Lawrence 1949, Ross and Ross 1950.

Benkman 1987a). Maine (Benkman 1987a), New York(Benkman 1987a). and the

southeastem states (Groth 1988). If use ofa stand is limited by the number or size of

imponant seed source conifers. panicuJarly to suppon them during the breeding season

(i.e. autumn.. Griscom 1937. Benkman 1990). tben tbis becomes an imponant criterion in

establishing protected areas. and also for forest management planning.

Benkman ( 1993c) recommended five actions that couId assist the conservation of

crossbills: 1) ma.ximize amount ofold-growth forests (most productive seed producers);

2) increase rotation ages oflogging; 3) leave mature trees wben areas are logged: 4) have

forest reserves in many distinct climatological regions in order to avoid cone crop failure

across an regions: and 5) establisb reserves in productive forests.

Concem about crossbill conservation is oot unwarranted. Specialist avian species

are atfected by habitat changes and environmental influences to a greater degree than are

generalist species (Paulson 1992~ Monkkonen and Welsh 1994). Because crossbiIIs are

highly specialized on conifer seeds year round, they are more vulnerable than other seed­

eating species that can rely on alternate food sources in rimes of scarcity (Bock and

Lepthien 1976). Also. crossbills likely integrate changes in habitat at the landscape and

stand levels. ln their \\ide-ranging search for food they respond to areas that have cone­

bearing trees in sufficient density to warrant senling for a period oftime~ and al the stand

level they likely choose stands with the best cone crops. At a broad landscape-level the
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long-term presence ofcrossbills may he a strong indicator of sustainable development

involving older stands.
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1. HABITAT SELECTION BV RED CROSSBILLS (LOXÜI ClU'VirostnJ)

IN ALGONQUIN PROVINCIALP~ ONTARIO, CANADA

JlJLIE H. SIM'\RD1
, IAN D. THOMPSON2~ AND RODGER O. TITMAN1

IDepanment ofNatural ~ce Sciences.. McGill University. Ste.·.-\rmc-dc·Bcllevue. QC H9X 3V9

~ Canadian Forest Sc:rvice. 1219 Quc:en Street East. Sault Ste. Marie. ON P6A SM7

ABSTRACT

Red Crossbills (Lona curvirostra) were observed during the breeding season in the

autumn of 1998 in Algonquin Provincial Par~ Ontario. To determine stand preferences.

surveys were conducted in three forested stand types: pineries with >700/0 white pine

(Pinus stTobus L.); 2) mixed coniferous-deciduous stands with 40-700/0 white pille; and

3) mixed coniferous-deciduous stands with < 400/0 white pine. The stands were classified

into one of two categories: 1) interior stands (60-70% stocking, 51-75~'O canopy cover):

and 2) roadside buffer strips (90-1000/0 stocking~ 90-100% canopy cover). Red Crossbjlls

only foraged in stands with a minimum white pine composition of4()O1O. They showed no

preference between pine and mixed stands, but the location of the stand was imponant:

there were almost twice as many crossbills in mixed roadside stands than in any of the

other categories. Breeding birds preferred mature. dominant trees with large crowns

positioned along the road because they appeared to provide an optimal seed source for

Red Crossbills in our study region.

INTRODUCTION

Conifer seeds are an important food source for many species ofbirds., mammals

and insects (Smith and Balda 1979). Seed predators vary in tbeir dependence on this

resource. Sorne seed-eaters are more opponunistic tban speciaJj~ taking advantage of

plentiful seeds in years ofhigh cone abundance, but relying on other food soW'Ces during

rimes ofcone and seed scarcity. Otbers, such as the Red Crossbill (Lona curvirostra)
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bave evolved specifically to forage on conifer seeds.. and are therefore more specialized. In

times of low seed productio~wben other avian species forage on insects or other

resources.. Red Crossbills still rely almost entirely on conifer seeds (Newton 1972..

Benkman 1987a).

Red Crossbills are most common in pine-dominated habitat~ particularly white

pine (Pinus strobus L.) torests (Lawrence 1949~ Benkman 1987~ b). Groth (1993)

identified eight distinct types in North Ameri~ each with its own caU.. morphology, and

distnbution. Each type is associated with one or more -key conifer' species for which it is

morphologicallyadapted for foraging. Tbree tyPes (2.. 3 and 4) have distributions that

include the nonheast (Groth 1993).. and could bave been present in our study region.

Type 2 is likely the group that we investigated because ofdistnbution.. me ofbill and

extended period present in the study region (C. Benkman., pers. comm.).

Pine-dependent crossbills often breed in September and October in eastem North

America because cone crops mature then (Griscom 1937. Benkman 1990).. and white pine

seeds become available for foraging (Benkman 1987a). AJthough foraging ecology ofRed

Crossbills bas been descnœd (Benkman 1987a.. Groth 1988.. 1993), habitat selection bas

not been extensively investigated, especially in eastern Canada Little information is

available on the habitat cbaracteristics that are preferred by crossbills in Canadian forests.

and this is viewed as a conservation priority for this species (Adkisson (996).

It bas been suggested that mature forests are imponant habitat for Red Crossbills

(Dickerman 1987.. Benkman 1993) because ofrelative crop stability and high seed

production. ln eastem Canada, total area ofwbite pine bas declined in the oldest age

classes (Aird 1985, Ontario Ministry ofNatural Resources 1996). Dickerman (1987)

suggested that the pme dependent subspecies ofRed Crossbia L. c. neogaea, was nearly

obliterated by 1900 due to logging ofold-growth ~·bite pine and bemIock (Tsuga

canadensis) in the nonheastern United States. He proposed that increases in numbers of

L. c. neogaea decades later were the result ofa recovery in mature forest cover.

The objective of this study was to gain a better understanding of the habitats

preferred by Red Crossbills by determining Red Crossbill stand use in eastern Canada We
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wanted to test the hypothesis that Red Crossbills choose stands with oider white pme

trees. and to determine whether Red Crossbills prefer pille stands., or whether they simply

choose stands based on a minimum number ofpines with available cones. A further

objective was to determine whether the birds prefer older trees to younger ones for

foraging.

METHOOS

Study Region

The study area was located in the eastem region of Algonquin Provincial Park.

Ontario (~8 0 30' N. 78 0 40' W). This region is dominated by coniferous and mixed

coniferous-deciduous stands. A large white pine cone crop occurred in 1998. and the

presence of Red Crossbills in the area was noted as early as July. Study sites were choseo

aJong the main road. between Achray and Lake Traverse.

Survey Sites

Forested stands were initially chosen for Red Crossbill surveys based on

accessibility to surveyors. Accessible stands were sampled to determine availability of

white pine seeds for toraging crossbills. \\'bite pine cones were counted 00 ten randomly

chosen trees per stand. T0 determine wbether crossbills were being selective \\'ithin the

study region. given the presence ofcones.. we ooly sampled stands with a minimum of 100

mature cones per white pine tree (on average). We decided on three classifications of

type/species composition: 1) pinery (>70010 white pine); 2)mi.xed high (coniferous­

deciduous stand with 40-7~/Q white pine); and 3) nmed low (coniferous.deciduous stand

\\'ith <40% white pine). Because most of the park bas been Iogg~ locating old-growth

stands was difficuh. There are 120 m-wide unlogged -beauty strips' along the main road

called -Areas ofconcem'. These roadside buffers served as replacements for mature or

oid forests. Therefore. we separated the study stands into two categories: 1) interior

stands (60-70% stocking~ 51-75% canopy cover); and 2) roadside buffer strips (90-1000/0
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stocking" 90-1000fc» canopy cover). [oterior stands had white pine trees approximately 109

years old which were harvested (50% selection cut) in 1976 or 1982. Roadside buffers

were used to represent older stands because" although ofsimilar age, these stands bad 00

logging history and could he considered ·virgin timber' (H. Pick. pers. comm.). The trees

along the road had larger crowns than those in the interior stands~ in part because they

were open to the road.

Twenty-five stands were surveyed for Red Crossbill presence (Table 1.1). Fifteen

areas surveyed were interior stands and ten were roadside buffers. Of these. thirteen were

pineries (>700/0 white pille), ten were mixed high (40-70% white pine) stands, and two

were mixed low «40°fc» white pine) stands. The low number ofmixed low stands retlects

the nature of the study regio~ very few ofthese stand types were present. ln addition,

tive stands (three pineries and two low mLxed) were surveyed for Red Crossbill presence

even though tbey did not have sufficient cones to meet our criterion ofan average of 100

cones/tree.

Survey .\fethod

Two surveys of2 hrs duration were conducted in each interior stand and roadside

butTer by one of IWO observers. An observer stood at three or four points for 30-40

minutes. Points were approximately 200 m apart and each was al least 100 m trom the

stand ~dge., a road. awe~ or disturbed area. Numbers ofRed Crossbills seen and

heard were recorded. Wmd speed increased in the afternoons, impairing surveys due to

noise. so ooly morning surveys were used for analysis. Surveys were performed twice in

each stand or roadside buffer~ in each oftwo time periods: 08:00 - 10:00 and 10:00­

12:00. Dayüght occurred al about 06:40.

Daia Anaiysis

Average numbers ofRed Crossbills seen and heard over the two surveys were

calculated per stand for statistical analyses. Red Crossbill cOUDt data were IlOt normally

distnDut~ 50 were log-transformed. We used ANDVA (SAS 1996) to examine Red
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Crossbill and cone data by treatment. Main effects included stand type (mixed bigh or

pinery) and location category (roadside buffer or interior stand). and their interaction term.

Each ofthese variables was aIso compared individually with t-tests (SAS 1996). Surveys

conducted in the mixed low category were not included in the analysis because of low

sample me (n = 2). Significance of test statistics for observations ofRed Crossbills was

set at p < 0.1 because ofsmall sample size~ and for cone data at p < 0.05.

We examined tor possible correlations between Red Crossbill abundance and

average number ofpine cones per stand type and category. Speannan's rank correlation

analysis (SAS. 1996) was performed on cone and untransformed crossbill data

RESULTS

Red Crossbills were not observed in stands which bad no cones. nor were they seen

in the mixed low pine stands. These latter stands had similar numbers ofcones per tree to

other stands. but a low density of pines. Overall, the number ofcrossbills was significantly

different across habitat variables (F = 2.91; dl= 3; p = 0.06). [n ~~dswith cones.. there

were almost twice as many crossbills in mixed roadside buffers (x = 13.6) than in any

other category (Figure 1.1 .. x = 7.2 in pinet)' roadside; 6.2 in mixed high interior stand;

6.8 in pinery interior stand). There was a significant type • category interaction (F = 4.09;

df= 1; P = 0.06), indicating that location of the stand was important. More crossbills were

observed in roadside stands, particuJarly mixedwoods (F =3.75; df= l;p = 0.07). The

difference in crossbill numbers in pineries compared to mixed bigh stands was not

significant (p = 0.22).. regardless ofwhether pineries were located in roadside buffers or in

the interior. T-tests were not significant for either stand type or category at alpha =0.05.

Cone Abundance

The overall ANOVA model for cones by stand type and category was not

significant (F =2.19; df= 3;p = O.12)~ nor was the stand category*type interaction (F =

0.12: df= 1; p = 0.12). Main effects in this model were al least marginally significant for
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stand category (F = 4.33; df= 1; p = 0.05) and type (F = 2.79; df= l;p = 0.11), but

individual t-tests for these variables were not significant. Trees along the road had slightly

higher numbers ofcones compared to interior stands~ and pineries had slightly more cones

than mixed stands (Table 1.2). We observed a significant positive correlation between the

number ofcrossbills and number ofcones in a given stand (r = 0.35, P = 0.01. n = 23).

Low mixed stands also had a similar number 0 f cones per tree (x = 114, n =2).

DISCUSSION

Red Crossbills are nomadic and move in search ofsuitable cone crops (Newton

1970. 1972). These movements are regional in scaIe and occur across a large range of

habitats. Large flocks are often seen invading in tila when cone crops mature (Bent

1968). as was the case in our study in Algonquin Park during the autumn of 1998. The

close association between Type 2 Red Crossbills and white pines normally necessitates

annual movements since cone production varies trom year to year (FoweUs 1965). White

pilles generally have good seed years only every 3-5 years (FoweUs 1965, Wright and

Bailey 1982). However. when cone crops are stable in a region for severa! years~

crossbills are capable ofbecoming resident (Senar et al. 1993)~ as bas been the case in

north and central New Brunswick over three years trom 1997-1999 (NBDNR pers.

comm.).

On a local seale., habitat use and movements are likely influenced by foraging

profitability (seeds eaten per unit rime), which crossbills probably aim to maximize

(Benkman 1987a). It shouId follow tbat crossbills are present in areas with bigh cone

production because cone and seed abundances are strongly correlated, i.e.~ viable seed is

high when cone production is high (Graber 1970~ Smith and Balda 1979, McDonald

1992). Our data suppon the contention tbat Red Crossbill abundance is highly correlated

with cone crop at the stand level (Génard and Lescourret 1987, Holimon et al. 1998). By
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tbraging on trees with abundant co~ crossbills can optimize their intake rates (Benkman

1987b, 1989).

Numbers ofcrossbills on our study plots were positively related to the abundance

ofwhite pine cones. Because we ooly sampled stands with high numbers ofcones, we did

not observe large variability among stands. However, a threshold ofseed production may

exist. above whicb an increase in seed stock may bave Uttle influence on Red Crossbill

density (Figure 1.2), as suggested by Génard and Lescourret (1987). This threshold was

apparently met or exceeded in our study regio~ hence the Jack ofa strong relationship

between Red Crossbills and cone numbers. In the low mixed stands and stands witb few

or no cones. this threshold was not me~ and therefore crossbills did not forage in these

areas.

Almost twice as many Red Crossbills were observed in mixed roadside butfers than

any stand category in our study region- even though the number ofcones in the roadside

buffers were ooly slightly higher than in the interior stands (Table 1.2). The trees along

the road in the buffers were representative ofolder white pines because of their large

crowns. and we expected them to produce more cones tban pines in interior stands.

Roadside butTers (Areas ofconcem) are left in Algonquin Park to improve the aesthetics

tor park users, and include some of the oldest trees in the area. Cone production is related

to tree size and age and older trees produce more cones and more viable seeds than do

younger trees (Benkman 1993). In Germany, a 90 yr-old white pine stand produced 5

rimes more seeds than did a 60 yr-old stand (Messer 1956). Dominant white pine trees

(above the general canopy with aIl sides explsed to sunlight) produce twice as many cones

as do subdominant trees (Messer, 1956, Burns and HonkaJa 1990). Perbaps the marginal

age difference (<20 years) ofremaining white pines in both roadside butTers and interior

stands can help to explain the similarity in cone production. White pines along the road

were more exposed to sunligh~ since at least 5()OJO of the crown (facing the road) had no

competition. Exposed to the sun, their cones may bave opened earlier in the season, thus

producing seeds which were more avaiJable al the time ofthe study. Crossbills in the

Pyrenees were observed in open and dense stands, and it was found tbat seeds in open
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stands ripened faster, and therefore attraeted more crossbills. After the seeds had been

shed, profitability declined, and crossbills switched to denser stands (Génard and

Lescourret (987).

Ifcrossbills stroogly prefer mature stands of pine (Dickerman 1987~ Benkman

1993), why was a sinùIar trend not more c1ear in our study? Holimon et al. (1998)

suggested that a pretèrence for older trees is not as prooounced in years ofgood seed

production as it is in years ofpoor production (see aIso: Manuwal and Huff 1987.. HufIet

al. (991). As noted above, our study sites may bave surpassed the required threshold of

seed production.. since white pine cone production was very bigh. Sïnce average cone

production in aIl tour types of stands was similar (112-141conesltree), all four types likely

had sufficient food available (Figure 1.2). Mixed bigb stands appeared to bave adequate

amounts ofseeds to suppon similar numbers ofcrossbills as pineries. In contrast, mLxed

low stands with <40% white pine apparently bad insufficient cone production per stand to

suppon Red Crossbills.. since birds were oot observed using those stands.

[n addition to early seed availability, there may have been other advantages to

foraging in mixed roadside buffers. Roadside buffers.. because they were located along a

gravel road. provided an exceUent opportunity for Red Crossbills to forage on available

conifer seeds and to obtain grit with minimal additional effort. Crossbills take grit

regularly (Benkman 1992) and they spent a considerable portion of the day foraging on

gril during this study (J. Simard.. unpubl.). Benkman (1990) suggested that crossbills

consumed grit as a source ofcalcium. Small amounts ofsalt bad been applied to the main

road (P. Dawson, Ontario Ministry ofNaturai Resources~ pers. comm.) so il is possible

that crossbills were aJso acquiring salt.. as bas been observed in other studies (Aldrich

1939, Marshall 1940, Bennetts and Hutto 1985). Although Dawson et al. (1965) found

mat salt was not needed to stay healthy~ other authors bave suggested that minerais are

ingested to compensate for outritional deficiencies (Pulliainen et al. 1978. Adam and Des

Lauriers 1998). Perhaps road edges were preferred by Red Crossbills for other reasons.

HeUe and Jarvinen (1986) stated that although Red Crossbills avoided edges in their study,

they were cbaracteristic ofedges during the breeding season (von Haartman et al. 1963).
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We noticed three areas where crossbills congregated on a daily basis~ ail ofwhich were

adjacent to smaII dried-up wetlands cbaracterized by speclded alders (A/nus incana var.

rugosa). There, Red Crossbills foraged on dead aider stumps., consuming the rotted wood

and bark. Perhaps crossbills are attraeted to such marshes or minerai sources. White­

winged Crossbills bave been recorded tbraging on dead coniferous snags along the edge of

a conifer swamp and rotting stumps in marshes in Algonquin Park (Crins and McRae

1998). Pulliainen et al (1978) observed Parrot Crossbills (Loxia pytyopsiltacus)

consuming wood from decaying logs along a brook bank. Analysis showed that the wood

was high in ash and calcium, and consumption was likely to provide minerai nutrients.

It is possible tbat our resuJts.. showing highest Red Crossbill numbers in mixed

forest roadside butTers, were a result ofobserver bias. We usually saw, rather than heard,

birds in the butfers.. whereas in interior stands most ofour data came tram hearing birds,

but oot seeing them. Our survey data were based on combined observations of Red

Crossbills seen and heard during the survey period. Observer bias may expJain the

observed differences between roadside buffers and interior stands., but not the preference

for mixed roadside buffer stands. Red Crossbill abundances in interior stands may have

been underestimated because they do not vocalize consistently, and t.berefore are difficult

to detect ifnot visible. We also observed that when a tlock tlew, not aIl individuals in the

tlock vocalized. Theretore, when heariog a flock Oy over (but oot actually seeing the

birds), our estimates ranged from 3-5 individuals, when there could have been more.

In summary, it appears that as long as sufficient cone-producing white pines with

large crowns are left in the Iandscape (tbllowing logging), Red Crossbills will use the

stands to forage and breed. A minimum of4()O1O white pille (at least 100 years ofage) in

each stand appeared to be suitable for Red Crossbill use. Birds often foraged in 'favourite'

trees almost daily during the field season (pers. obs.), which supports the idea that a few

good cone producing trees are sufficient to attract the birds to a particuJar stand. It

appeaI'S tbat there is a threshold number oCeones per stand required by Red Crossbills in

an are~ above Yiilich they may use other eues (such as gril sources) to decide where they

will go more often. Cone production is related not only to age, but also to cro~n size,
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stand density and position in the canopy. Mature~ dominant trees with large crowns

positioned along the road were the optimal seed source for Red Crossbills in our study

region.. in agreement with Benkman's (1993) suggestions.
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Table 1.1: Stands surveyed for Red Crossbills (Loxia curvirostra) in

Algonquin Provincial Park, OntariO., September-October., 1998.

Stand category Staad type N

Interior stand Pinery 8

Mixed high 5

Mixed low 2

Roadside butTer Pinery 5

Mixed high 5

Table 1.2: Average nwnber ofcones per white pine (Pinus strobus) tree

by stand category and type in Algonquin Provincial Park. Ontario.

September-October 1998.

StaBd category StaBd Type MeaD sn
Interior stand Pinery 127.4 21.7

Mixed high 1t 1.7 11.8

Roadside buffer Pinery 140.9 19.7

Mixedbigh 130.6 15.4
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Figure 1.1: Mean number of Red Crossbills (Lona curvirostra) observed in different

sites in Algonquin Provincial Par~ Ontario~ September-October~ 1998.
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Figure 1.2: Theoretical relationship between Red Crossbill (Loxia curvirostra) abundance

and number 0 f white pine cones
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CONNECTING STATEMENT

Coopter 1 in this thesis'l HABITAT SELECTION BY RED CROSSBILLS (Loxia

curvirostra) IN ALGONQUIN PROVINCIAL PARK ONTARIO, CANADA examined

stand selection by breeding birds. and made infereoces about factors intluencing choices of

foraging areas. The next chapter, ECOLQGICAL ENERGETICS OF BREEDING RED

CROSSBfLLS (Loxia curvirostra; IN ALGONQUIN PROVINCIAl.. PARK. ONTARIO"

CANADA focuses on the daily activities ofbreeding birds. Estimates ofdaily energy

requirements. represented by numbers ofwhite pme seeds'l can help determine the potential

number ofbreeding birds in an area given seed production oftrees in ditferent forested

habitats.
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2. ECOLOGICAL ENERGETICS OF SUEDING RED CROSSBILLS

(LOXÛI clI",irostrtl) IN ALGONQUIN PROVINCIAL PARK, ONTARIO, CANADA

JULIE H. SIMARD), LAN D. THOMPSON:!, AND RODGER D. TITMAN1

'Departmcnt ofNarural Resource Sciences. McGiII University. Ste.-Annc-dc-Bcllevuc.. QC H9X 3V9

: Canadian Forest~œ. t219 Queen Street East. Sault Ste. Marie. ON P6A 5M7

ABSTRACT

Observations ofdaily activities ofbreeding Red Crossbills (Loxia curvirostra) were

conducted during the autumn of 1998 in Algonquin Provincial Park.. Ontario. Energy

budgets were calculated based on data coUected in the fiek! other published studies~ and

laboratory data and tben used to estimate total reproductive cost. Observed intake rates

and toraging durations were sufficient to support daily activities, with additional energy

available to provide tledged young with food they were oot yet able to acquire on their

O'Ml. Red Crossbills needed to consume 370 seedslday during the non-breeding season in

order to balance energy intake with expenditure. During the breeding season. an estimated

16,787 white pme seeds were consumed by females, and 17,238 by males. Therefore, a

total of 34.025 white pine seeds was required for a pair ofRed Crossbills to mise three

young to tledging.

INTRODUCTION

Activity/energy budgets bave been useful in providing insights ioto avian behavior,

population and community ecology, and seasonal patterns ofenergy use. Activity budgets

that estimate daily energy requirements can aIso be useful in understanding habitat

selection by estimating food resources available in patches ofbabitat.

Red Crossbills (Loxia curvirostra) are cardueline tinches with bills specialized for

acquiring seeds from conifer cones. Several studies bave examined Red Crossbi1l biology
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and ecology: timing ofreproduction (Tordoffand Dawson 1965. Benkman 1990~ Hahn

1998); differences in morphology related to foraging ecology (Benkman 1987, Groth

1988~ 1993a.. 1993b): and their irroptive nature (Ne~1on 1970.. Wtdrlechner and DraguJa

1984). Little information exists regarding energy use and panitioning (Adkisson 1996).

Dawson and Tordoff's (1964) laboratory effort was the ooly study that measured basal

metabolic rates and examined energy use in relation to temperature in Red Crossbills and

White-winged Crossbills (Loxia /eucoplera). Red Crossbills feed predominantly on conifer

seeds (Newton 1972. Benkman 1987) which provide detined yields ofenergy. AIthough

Red Crossbills are kno~n to breed al any time of the year (Newton 1972).. the pine­

dependent types breed in September and October in eastem North ..-\merica because of

maturing cone crops (Griscom 1937; Benkman 1990). Benkman (1987) stated that Red

Crossbills often switch to foraging on white pme (pinus slrobus) seeds in the fall when

seeds are most available.

To detennine the food requirements ofan individual Red CrossbilL il is necessary

to compile an activity budget tor free-living individuals. This bad not yet been done for

this species. Benkman (1990) calcuJated energy thresholds for breeding crossbills. yet.

unlike this study. he made assumptions about time spent in activities. and did not observe

and measure durations ofactivities.

Energy budgets cao he used to estimate total reproductive cost., which is the total

energetic cost ofa pair ofRed Crossbills raising an average brood ofthree to

independence. We observed Red Crossbills in their natural environment. A principal

objective of the field study was to determine how energy was panitioned among

requirements for thermoreguJation., foraging, and other activities in order to estimate the

number ofseeds required to support daily aetivities. Data collected in the field were used

to compile the time budget. and other studies and laboratory data were applied to

extrapolate what energetic costs of the activities would he. Once this estimate was

determined, a prediction of the total population supported by an area can he inferred. The

goal of this paper was to calcuJate the total conifer seeds required to achieve successful

(reared to tledgling) reproduction.
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METHODS

Field Protoco/.

Red Crossbills were observed in an area dominated by mixed and coniferous

forests in eastem Algonquin Provincial Par~ Ontario, Canada (48°30' N, 78°40' W).

~Iost observations took place in mixed deciduous-coniferous forests. with white pille

constituting 40-70% of the species compositio~aIthough some observations were in pille

torests (>700/0 white pine)" and deciduous forests «40010 white pine). Most data were

coUected in ·areas ofconcem": forested stands with no Jogging history but adjacent to

stands Jogged in 1976 or 1982. White pines used by the birds ~·ere over 100 years ofage.

Two observers coUected and recorded ail data using focal animal sampüng during

daylight hours. Birds were most often observed from roads withoul the use ofa blind.,

allowing maximum vistbility. The individuals did not appear to he atTccted by our presence

al any rime. often landing in close proximity to observers on the road. The earliest

observation ofactive Red Crossbills occurred at 07:40. and the Iatest al 18:03. The birds

were studied from 18 September to 29 October. 1998, and total observation time was

approximalely 31 bours.

Recording entailed one investigator observing a focal individual with a spltting

teJescope while another recorded lime (to the nearest second) and activÏ1y (see below).

Weather conditions (wind~ ambient temperature, cloud cover), approximate number

ofindividuals in the tlock (crossbills and other species) and in the vicinity, habitat. and any

observations ofinterest (i.e. traflic, appearance ofpotential predators, etc.) ~·ere also

recorded. An estimate of the total number ofRed Crossbills in the immediate area was

made before and during observations. Any bebaviors ofinterest were descnbed.

The intake rate wbile foraging is defined as the dry mass ofseed kemel consumed

per second (Benkman 1987). When crossbills feed on conifer seeds, they husk the seed

coat and consume only the seed kemeL Intake rates were measured sporadically during

the field season and calculated from the number ofwhite pille seeds eaten during a defined

period oftime.
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Activities Observed

Seven categories derived from 17 recorded activities were used for calcuJation of

the energy budget: 1) roosting; 2) alert perching; 3) preening; 4) moving (locomotion);

5) flying; 6) foraging: a) for grit and conifer seeds (includes removing seed from cone,

husking seed., consuming seed. scanning during foraging, and tlying from one cone to

another); b) on dead wood; 7) other activities (i.e. social interactions.. bathing., unknown).

DaIa AnaJysis

AU individuals observed during the field study were treated independently for the

analysis oftime allotment per activity. Observations were pooled, and the time spent in

each activity was calculated trom this total observation time. Data were tested because of

the large variation in observation rime for individual birds (from 6 sec to >47 min). A

Student Newman Keul test (SAS 1996) was used to determine ifduration ofobservation

influenced estimates of overall time devoted to each activity.

Daily Energy Expenailure

Field metabolic rate (FMR) estimates the energy expenditure offree-living

organisms (Wiens and Fanner 1996). Il is based on a time-energy budget (TEB).. where

total metabolism is calcuJated based on cast ofactivities and time ~-pent in each activity

(Wiens and lnnis 1973). These activities are expressed as multiples ofHat (basal metabolic

rate).

FMR = Huc • L{P'"Ai)

where pi = the proportion oftime engaged in activity i (unitless)

Ai = the metabolic rate during activity i (multiple oflI,..; unitJess)

Hnt = basal metabolic rate (kcal hr· l
)

FMR = field metabolic rate (kcal day-l bird-1)

(Wiens and Farmer 1996)
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Calculation ofEnergy Budget (FMR)

Two energy budgets were calcuJated. The first model (FMRnoJ detennined energy

requirements ofnonbreeding individuals (females~ males or independentjuveniles). The

second model (ECR) was used to estimate the total cost for a pair of Red Crossbills to

successfully mise 3 young to independence. This model added the FMRs oftive stages of

reproduction to give entite energetic expenditure. Table 2.1 presents the activities,

symbols and equations used to fonnulate the models. For a1l of the equations, ti = time

spent in activity i (br), and Hi =energetic cost ofactivity ; (kcal br -1).

Nonbreeding Energy Budget (F.~/Rno,J

The nonbreeding energy budget model was based on observed time spent in

various activities with costs added for thermoregulation and moult offeathe~ but il did

not incorporate any breeding costs.

F~n= tnt(HnJ~, + tdt(H<tJ+ tap(H~ + ~(Hpr) + tlo(HIo) + ~(Htt> + lro(Hto) +

ttoiHfoJ + tot(HoJ + 1mo(Hmo)

Additive l\'/odel describing Total Energetic Cost of Reproduction (ECR)

In order to calcuJate the total energetic cost (in kilocalories) of reproduction for a

pair of Red Crossbills. the autumnal breeding season was divided into 5 periods: 1) nest

construction (FMRnJ; 2) egg production (FMRcgg); 3) incubation (FMRmJ; 4) nestling

care (FMRneslJ); and 5) tledgling provisioning CfMRocdJ. A total reproductive oost was

calcuJated. using the intormation for activities collected during field observations and

energetic costs associated with breeding derived by others (i.e. King 1973, Walsberg and

King 1978. Rahn et al. 1985, Benkman 1989, Weathers 1992~ Williams 1996). The

equatioD defining ECR was:

ECR =~ +~ + fMRmc + F'MRnesu +~

The FMR. for each reproductive stage was calculated separately for each parent
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(where they differed) and combined to suggest a total energetic cost for that perio~

except tor nestling care for which a total nestling cost was calculated. Daily costs were

calculated separately, wbere appropriate~ for females and males. When young batched.

their costs were added. EachF~ was multiplied by duration oftbat stage to obtain a

total cost for the breeding season. Therefore, for each reproductive stage:

FMRi = F~femaJe (dt) + F~maJe (dt) + FMR;young (dt)

wbere i == the reproductive stage

d = duration of stage i (days)

Type ofRed Crossbi/l. Allometric equations descnbing metabolic rates of living organisms

require weight measurements. Morphological ditferenc~ including individual mass, differ

significantly between types ofRed Crossbill (Groth 1993a)~ but the types are difficult to

identify in the field. Three types of Red Crossbill have distnbutions that include

nonheastem Nonh Americ~ and were possibly present in the study area during the field

season (Groth 1993~ C. Benkman. pers. comm.). However, because ofdistnèution.. size

of bill, and the extended period that they were present, the birds observed were most likely

type 2 (Groth 1993~ Benkman. pers. comm.). The mean body mass used in metabolic

rate caJcuJations (33.0g) was then an approximation of type 2 body masses (Oroth 1988,

1993a Benkman 1990).

Cost Assiglllllellts

Mathematical equations for energetic costs are listed in Appendix 1.

Basal J'letaho/ic RaIe (H"J. The basal metabolic rate is the "rate ofenergy utilization by

animal organs and tissues al complete r~ unstimuJated by the digesti\lD and assimilation

offood or by low temperature" (Kendeigh et al. 1977), ofa tàsting, inactive individual

within the thermoneutral zone. Dawson and Tordoff(1964) measured Red Crossbill fini
direct1y~ and their equation was used to calculate the basal metabolism ofa 33g bird.
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Basall'Jetabo/ic Raie or Roosting rH",). The noctumal period started at 21:01. To

ensure a postabsorptive state~ basal metabolic rate commenced 3 heurs after the Iast

observed activity at 18:00 (Weathers and Sullivan 1993).

Afetabo/ic Raie during the Day {HciJ. Cardueline finches have e)evated metabolic rates

during the clay that are approximately 20% higher than the basal metabolic rate (AschotI

and Pohl (970). This elevated metabolic rate stans within minutes of light appearing (Pobl

1977, Berman and Meltzer 1978). The daytime (active phase) metabolism period started

at 06:00 (approximately one halfbour before sunrise) and ended at 21 :00.

TilermoreglÛtllioll

Accurate estimates ofthermoreguJatory costs in time-energy budgets must account

for the etfects of shortwave radiation and wind on transtèr ofheat (Bakken 1976, 1980.

Weathers et al. 1984.. Williams and Nagy 1984.. Butterner et al. 1986, Weathers and

Sullivan (993). Standard operative temperature (TeJ, which defines "-me thermal

equivalence oftwo environments with different air temperatures.. wind velocities~ and

radiation levels'~ (Bakken. 1980), uses only one or two parameters to descnèe the thennal

environment, making estimates ofthermoreguJatory etTects easier to caicuJate. Bakken

(1990) developed a general passerine Tes scale to determine the etTeet 0 f wind on energy

rates (Eq. 1):

Tes == Tb - (1 + 0.26 J"U )(Tb - Te> (Eq. 1)

where Tc:s = standard operative temperature (0C )

Tb = body temperature (OC )

Te = operative temperature (0C )

u = wind speed (mis)

This equation was used to determine the operative temperature for Red Crossbills during

the field study.. which was then assigned to an equation quantifYing the etfects of

temperature on crossbill energy use.
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Thermoregulation during the Day. The daytime operative temperature (caicuJated from

Eq. 1) was~ on average, above the lower critical temperature (LCn of 15 oC (Dawson and

Tordoir 1964). This suggests that the crossbills did not have to aUocate energy for

thermoregulation during the day. Tberefore~ no thermoregulatory costs were assigned

during daylight bours (06:00-21 :00).

ThermoreguJalion al lvïghl. An equation (Eq. 2) descnbing thermoreguJatory costs

(Benianan 1990) extrapolated trom Dawson and Tordotf (1964) was used to determine

transfer ofenergy in response to operative temperatures below LCT (at night).

TR = 1.532 - 0.0423 [OC]. (Eq. 2)

where [0Cl = average daily minimum temperature (replaced by standard operative

temperature.. T~

The basal metabolic rate was multiplied by TR (thermoreguJatory costs). This cost factor

(TR) was calculated to be 1.324 x "nt.

A/en Perching. Individuals in a flock often scan for predators while resting. This is wbat

we tenned "alert percbing·. Il is süghtly more costly than being al rest because ofhead

movements. The assigned cost used was an average ofconversion factors from 3 studies:

0.5 x Hdl (Holmes et al. 1979); 0.7 x H"c (Mugaas and King 1981); and 0.26 x ~I

(Weathers and Sullivan 1993). The cost assigned for alert perching was 0.5 x Hm.

Preening. Preening was assigned a cost of0.8 x "nt (Williams and Nagy 1984). This

activity was more costly than alen perching because the bird is more aetive~ but less costly

than most other activities.

Locomotion. Red Crossbills bop in order to Davigate tree branches and aIso to forage for

gril on the ground. The cost allocated to this activity was 1.0 x Hm, identical to Mugaas

and King (1981) and comparable to Weathers and Sullivan (1993) who used a tàctor of
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0.98.

F/ighl. Using Norberg~s (1996) equation for the metaboüc cast ofOight~ the cost

conversion used for tlight in Red Crossbills was 9.06. This cost filetor approximated Oigbt

costs alIocated by Holmes et al. (10; 1979) and Weathers and Sullivan (10.1; 1993).

Fortlg;"g

Foraging on Conifer Canes andfor Grit. The cost offoraging on conifer seeds

(exclusively white pine (Pinus strobus L.) and for grit was 2.5 x Hnt (Benkman 1990).

Foraging on Dead Wood (Alnus incana var. rugosa and white spruce (Picea glauca)

bark). Red Crossbills were observed foraging on dead aider (A/nus rugosa) eacb day of

the field observations. They aIso picked at and consumed the bark ofdead white spruce.

The cost aIlocated to this activity was 1.5 x Hm. This cast was similar to alert perching,

but higher because energy is required to pull wood trom the stump~ or pull bark otTthe

branch. ft was similar to extracting seeds trom cones., but probably less costly because less

movement was required. We assumed this activity resulted in a net cost in tenns 0 f energy

acquisition.. unlike foraging for seeds, although nutrients were likely obtained during this

activity.

O,her Activities. Activities such as bathing, social interaction., and playing~ wbicb

occurred infrequently (often less than 1% ofa clay), were groupe<! together and assigned a

cost factor of0.3 (Williams and Nagy 1984).

i.\t/oulting. Moulting patterns for North American Red Crossbills are similar to those of

European birds (T. Hahn in Adkisson 1996). Red Crossbills commonly undergo definitive

prebasic roou1t from August to October (Bailey and Niedracb. 1953~ Ne~1on 1972), and

sometimes breed wbile tbey are moulting (Newton 1972). Red Crossbills take al least 12

weeks to moult (Newton 1972). An equation derived by Kendeigh et al. (1977) can he
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used to calcuJate the total cost of moulting. Although the cast ofplumage replacement is

independent of temperature~ the actual cost to the individual depends 00 ambient

temperature (Kendeigh et al. 1977., Murphy 1996). Therefore., Kendeigh et al. ~s formula

(1977: Figure 5.9) relating actual cast ofmouh to average ambient temperature was used

to calculate the conversion factor for this process in Red Crossbills. The resulting daily

cost was approximately 0.056 x Hnl, for 84 days.

Cosû Associllted wit. ReprodllCtÎOII

The Five Stages ofthe Reproductive Cycle

Cost equations and descriptions for reproduction are shown in Table 2.2.

1..Vest Construction (ne)

Since fernale crossbills generally build the nest (Snyder and Cassel 1951., Snyder

1954. Bent 1968. Newton 1972), energetic costs associated with tbis task were assigned

only to females. Ta represent tbis cost.. time speot tlying was increased by 25% (or 4.65

min). This activity is intermittent and female crossbills ollen search for nest material close

to a nest location. thus requiring few long distance tlights (8aily 1953). Studies indicate

thal duration ofnest construction is 3-5 days (Wilson 1932., Baily (953). Tbree days was

used here since this seemed to agree with data for other small passerines (Welty and

Baptista 1990). Male costs during tbis stage were identical to nonbreeding costs.

2. Egg Production (egg)

Energetic costs for a tèmale during the breeding season usually peak during egg

synthesis (Ricldefs 1974, Walsberg 1983). The cost ofegg production used was 0.41 X

Hot (Rahn et aL 1985)" allocated over a 24 hour period. This cost was comparable to King

(1973) (0.45-0.58) and Rick1efs (1974) (0.45). We assumed that 7 days were required to

produce and lay a 3-egg clutch (K.rementz and Ankney 1986~ Benkman 1990). There were

no additional costs to the male during this reproductive stage.
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3. lncubalion (inc)

Red Crossbills exlubit assisted gyneparental incubation (Wi)Jjams~ 1996).

However. as the female incubates, the male feeds ber (Lawrence 1949, Snyder and Cassel

1951. Snyder 1954, Newton 1972). The female rarely gets off the nest while incubating,

therefore. to simplifjr the mode~ we assumed that she stayed on the nest during the entire

incubation period of 14 days (Lawrence 1949, Benkman 1990). Within the thermal neutral

zone" females passively supply the beat required to incubate eggs" therefore the cost of

keeping the eggs warm is negligible (King 1973, Walsberg and King 1978, Williams 1996).

F~fR of the female during this period was simply ber daily basal metabotic rate (~during

the day. plus thermoregulatory costs at night (outside ofthe thermal neutral zone). These

costs were added to the male's energy budget because he was solely respoDSlble for

pro\'idïng her with the necessary energy to survive this period.

-1. ~Vest/jng Care (nest/)

Weathers (1992) calculated the total energy metaholized (TME) by nestlings.. from

hatching to fledging:

TME = 28.43 MI.06 (Eq.3)

where TME = kJ/tledging" and M = fledging mass (g)

This equation gives the total energy cost ofdevelopment. The totalamount of

tood that the parents must provide the nestlings in order to meet metaboüc needs (ie.~

production.. and growth) can be calcuJated trom this. This cost was divided between both

parents wbo shared provisioning of the nestlings (Lawrence 1949, Baily 1953, Snyder

1954). The resulting cost was multiplied by three to account for the average clutch size

(Baileyand Niedrach 1953~ Baily 1953~ Newton 1972)~ and then corrected for assimilation

efficiency (actual energy metabolized).

5. Fledg/ing Provisioning (fledg;

Red Crossbills fledge with mandibles not yet crossed (Lawrence 1949)~ requiring

that the parents pro",ide them with food until the bills cro~ enabling the young to extraet
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seeds from conifer cones on their own. Because the data indicated that immature

crossbills behaved similarly to adults, in accordance with Benkman (1989), the daily

activities of immatures were assumed to he identicaJ to DOnbreeding adults. Immature

crossbills were still being fed by aduhs (although tbey attempted to extraet seeds tram

cones), therefore that parental cost was written into this energy budget. The mass of

fledglings was estimated to be 84'% ofadult mass (33.0g), an average ofmeasured weights

in three other studies (86% in Baily 1953; 750/0 in Temovskij 1954; 900!o in Benkman

1989). Adopting this weight, the time to tledge (1tJ, in days) was calcuJated using

Weathers (1992):

1tI = 7.97 MJ295 = 21 days

Twenty-one days was in accordance with other studies (Lawrence 1949, BaiIy 1953,

Ne\\llon 1972). We assumed that another two weeks were required until the t1edglings

were able to torage (ln their own (La\\lTenCe 1949). Tbree young were considered to have

tledged from each nest (Benkman 1989).

Ca/cu/arion ofSeeds Required to meel FMRs

Personnel at the Petawawa Researcb Forest (Natural Resources Canada) took

inventory of the white pine seedfall in the region using seed traps in the fall of 1998. We

used average seed weight during the heaviest seedfall period (27 August to 3 September)

in our CalculatiollS. Pinus strobus seeds of this weight released an average of6.11 0 kcaVg

in a bomb calorimetry analysis perfonned in the Iaboratory (Crampton Nutrition Lab_

McGill University). This calorie value was in the range (5627-7111 cal/g ofdry weight)

identified by Long (1934) for various species ofPinus. The following equation was used

to calculate the number ofseeds necessary to meet the FMRi:

where s = number ofseeds (seeds day-I)

•
s=

FMRi

m(c)
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FMRi = ~~,~F~, fMR.:,~d or~ (kcal day-I)

m = mass· seed- I (g * seed- l
)

C = calorie value ofseed (keal • go!)

Not all ingested food is metabolized. The metabolizable energy coefficient (MEC)

is the rate at which ingested food is digested (Kendeigh et al. 1971). Ta detennine the

number ofseeds required to meet energetic requirements ofRed Crossbills, the amount of

energy ingested must he adjusted to detennine net energy intake. An assimiJation

efficiency ofSO°tfo was applied to the FMRs (Gibb 1957~ Turcek 1959~ Myrcha et al. 1973,

Willson and Harmeson 1973, Benkman 1990). Although this assimilation efficiency cao

vary among and even within bird spec~ specialists such as crossbills experience less

variance in their digestive efficiencies (Shuman et al. 1989).

RESULTS

Observalionai DaIa

For ail categories except flying., moving and foraging in white pine, the etfect of

duration ofobservation was insignificant (p> 0.05; Student Newman Keul test). In order

to simplifY the analysis and to make assumptions for an average day, ail observations were

pooled (Table 2.3).

Period ofThermoregulation

Average temperatures in Algonquin Park were consistently below the LeT at

night. The birds bad to thermoregulate noctumally throughout the field study (Table 2.4).

rime Spent in Activities

The birds spent mast oftheir time roosting., and percbed (Table 2.5). They foraged

on white pme seeds for a small proponion (5%) ofdaytime bours. Flying., which is the

most expensive activity~ was limited to approximately 20 minutes/day.
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Costs Associated with Reproduction

Additional costs of reproductive acti\ities are highest during the fledgling and

reproductive stages (Table 2.6). Female egg production costs were hig.ber tban any non­

breeding activity.

Ca/cu/aled FAIR

Although on average the tledgting stage required MOst energy per day during the

breeding season (Table 2.7)"1 the total eoergetic cost of nestlings exceeded 8edgling

provisioning costs. Incubation was the least costly phase on a per day basis.. and nest

construction was the least costly phase in tet'Jm of total energetic cast. Total energetic

requirements for the nestling period were 3 limes incubation costs, and almost 5 times egg

production needs. Daily nest construction costs were almost identical to nonbreeding

costS. Resultant FMR as multiples ofbasal metabolic rates were as foUows: fMRnon l.76

(both sexes); F~ 1.79 (female) and 1.76 (male); F~ 2.17 (fernaJe) and 1.76

(male); F~ 1.25 (female) and 1.76 (male);~ 3.16 (both); and~ 3.99

(both). The average daily costs ofreproduction tor the femaJe (31.99 kcal day·l) were

2.71 x Hnt and for the male (32.85 kcal day·l) were 2.79 x Hn~ Total net cost of

reproduction was 3825.19 kilocalories.

Conifer Seed Production (Autumn. 1998) in Algonquin Parle and Surrounding Region

Peak seedfall al Petawawa, Ontario.. in 1998 occurred during the week of27

August to 3 September (Table 2.8). Average seed weights were measured and

corresponded ta weights of large seeds obtained from the Ontario Tree Seed Plant., Angus.

Ontario. Corresponding reproductive phases ofan average individual were allocated to

seedfàll stage where relevant (Table 2.8).

Seeds Required to }Jeel Field Melabolic Demands

The necessary energy intake required (~ /0.80) to meet~ is expressed as

the number ofseeds and presented in Table 2.9. Highest number ofseeds required per day
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corresponded to most costly periods~ per average day (t1edgling stage)~ and in total

(nestling stage). The female required an energy intake of2359.05 kilocalories or 16~787

seeds and the male needed a total intake of 2422.4 kilocalories or 17~238 seeds over the

entire breeding season. The total cost of reproduction for the pair was 4781.5 kilocalories..

requiring the birds to consume 34..025 white pine seeds (Table 2.9).

Seed IntaJœ Raies

During tbis study.. the average observed intake rate was 2.32 mg/sec.. and 61.80/0 of

intake rates were between 1 and 3 mg/sec. Usïng this average intake rate and the daily

nonbreeding FMR requirement of 185 seeds/individuaL Red Crossbills could meet their

dailyenergy requirements by foraging for 0.500 hrs.. The birds foraged on white pine

seeds for approximately 0.753 hr/day.

DISCUSSION

The average Red Crossbill breeding season used for this modellasted 42 days from

the start ofegg laying to tledging ofyoung~ whicb was simiJar to wbat other studies have

observed (Baily 1953.. Newton 1972~ Benkman 1989). The model assumed tbat no

breeding phases overlapped. For example.. the female only commenced incubation once ail

eggs were laid. In temperatures simüar to our field season.. Red Crossbills started

incubating eggs only after aIl were laid (Baily 1953.. Newton 1912).

During reproductive phases when the male was not directly involved (nest

construction. egg production. and incubation)~ bis daily activity~ and thus energy

expenditure.. was considered to he identical to that during unmated phases. Males ofmany

species change their bebavior during the breeding season (i.e. Schnase et al. 1991).

However.. since crossbills do not defend tenitories (Newton 1912, Benkman 1988), males

were considered to behave similarly to unmated stages during those tïmes.
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Time Spent in Activities

Benkman (1990) constructed an energy budget for Red Crossbills with two main

activities in rus model: t1ying and foraging. He assumed that 6% ofdaytime holU'S were

speot flying. However~ the birds in !bis study spent ooly 2% ofdaytime bours flying. This

time approximation may have been an underestimate ofactual rime spent tlying because it

was very difficult to follow the birds once they bad taken tlight. Birds disappeared from

view after a tèw minutes oftligh~ and even ifthey continued to tly, the timing ofthat

panicuJar actï\tity stopped once they were out ofview. Only the observed tlight time was

used in the model because tlight distances varied and could not he estimated once

observers last sight ofthem.

Red Crossbills spent about 6.90..-10 ofdaytime bours foraging, compared ti> an

estimated 94% in Benkman (1990). Crossbills, during plentiful cone years (such as this

one).. probably do oot need to spend as much time foraging because ofbigh intake rates.,

associated with heavy seed weights and high concentrations ofseeds. Cones (and

therefore seeds) were plentifuI in all areas where observations were made., so calculated

foraging time allotments appear reasonable. Red Crossbills couJd rneet their daily energy

requirements by foraging for 0.50 ms. The birds were observed tbraging 00 white pine an

average of0.75 hrs/day, so il appears that this foraging rate was adequate to meet

nonbreeding energetic needs. During the field season., most birds had aJready bred., since

fledged young were observed during the first week ofobservations, and adults were

observed feeding fledglings on severaJ occasions. This could explain the additional time

(0.25 hrs) observed foraging.

Time spent preening (3.78~'O) was considerably greater than in other studies'l (i.e.

1.1 % for Savannah Sparrows PassercuJus sandwichensis in Williams and Nagy 1984).

Red Crossbills handled conifer cones cootaining large quantities of sap~ probably requiring

more preening than other granivorous birds.

Red crossbills appeared to confOnD to Wilson!s (1975) ~rincipleofstringency'"

(where indi\tiduals use uncommitted time as a "safety net~ in case ofbarsh weatber or food

shortage) by spending a high percentage (37%) ofdaylight bours quietly perched..
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Presumably this rime spent non-active was energy-saving. Individuals from other studies

spent similar amounts of time perching (Ettinger and King 1980, Weathers and Sullivan

1989. Schnase et al. 1991).

Foraging on Dead Wood and Grit Consumption

Red Crossbills have been recorded frequenting minerai sources (calcium or

sodium) (Aldrich 1939. Marshall 1940, Dawson et al. 1965, Payne 1972, Bennetts and

Hutto 1985. Tozer 1994). As weD.. White-winged Crossbills bave been observed foraging

on snags of black spruce (Picea mariana) and eastem larch (Larix laricina), with no

evidence of Însects. mineraI deposits, fungi or other organisms (Crins and McRae 1998).

No organisms were tound on the dead aider. although the rotted state ofthe wood was

clear evidence that fungi had reduced the tignïn and hemicellu10se content of the cell walls.

perhaps increasing tood value ofthe wood to the birds. We clearly observed the birds

eating the dead wood. Tozer ( 1994) also observed \\Jbite-Winged Crossbills eating the

exposed inner wood ofstumps that may have once been submerged in muddy, roadside

water. He suggested tbat minerais occurred in the wood. attracting crossbills to the

mineraI source. Parrot Crossbills (Loria pytyopsittacus) have been observed picking at

decaying 10gs whose outer layers were ricb in ash and calcium (Pulliainen et al. 1978).

Although severa! reasons have been given to explain unconventional consumption ofwood

(e.g. anti-sap propenies (C. Benkman. pers. comm.). taste. minerai deficiencies)~a definite

benefit bas not been identified. However, small concentrations ofsalt are applied to the

main road in the study area during \\ÏDter (P. Dawso~ Ontario Ministry ofNaturaI

Resources. pers. comm). The aider stumps were aIong that ro~ in a drywe~

suggesting minerai runoff It is poSSIble that the sodium was absorbe<! by adjacent

wetJands and anracted the birds.

Gril is important for grinding seeds, fàcilitating digestion ofthis food in

granivorous birds. Red Crossbills and other granivorous birds reguJarly ingest grit

(Benkman 1992).. as did the birds during this study. Grit may aJso he a source ofcalcium

(Benkman 1990). The birds foraged for grit for approximately 17 minuteslday, consistent
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with Benkman-s (1990) estimate of20 minlday. Robel and Bisset (1979) proposed that

Bobwhites (Colinus virginianus) ate gril for possible soluble nutrients.

Calculaled Cosls and Resu/lan/ Field .\1elabolic Rales

Basal metabolic rate (HnJ accounted for 64% of total daily energy expenditure by

Red Crossbills in the falI of 1998~ similar to rates tound in the literature (40-60%_

Walsberg 1983).

Thermoregulation

Calculated thermoregulatory costs were Iikely underestimated (32% ofHuJ. Wmd

measurements used to determine standard operative temperature (Tes) were taken at a

lower height than where Red Crossbills foraged in the canopy oflarge white pine trees_

where wind speed was greater. Even modest breezes have a significant effect on metabolic

rates. For example_ breezes ofjust 0.1 mis and O.5m1s increased energy expenditure of

Acom Woodpeckers (A'/elanerpesformicÎVorus) by 5.6% and 12.00/0_ respectively

(DuPlessis et al. 1994). Interestingly tbou~ Red Crossbills did not appear to alter their

bebavior in the presence ofstrong winds during the field season.

Energy Costs during Reproduction

Egg Production

Although the estimated cost ofproduction ofeggs was similar to other studies, i.e.;

45-58% ofBMR (King 1973); 450/0 (Ricldefs 1974); 38% (Dol'nik and DoI~nik 1981);

41 % (Walsberg 1983)~ this may have been an underestimate. Ifsevera! eggs al varying

stages ofcompletion are being produced in the oval)' simultaneously., the cost could he

greater man the 41% we applied (Carey 1996). If50., our alloeated cost may represent the

minimum amoum ofenergy required. During egg productio~ the female~s total daily

energy costs were ooly 290.4 ofcosts for nestling care.. similar to tbat round for House

Sparrows (Passer domesticus) (Krementz and }\nkney 1986). It appears that Red

Crossbill reproduction was IlOt solely driven by baving sufficient energy for egg
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production. as suggested by Walsberg (1983)~ because tbis reproductive period was not

the most costly for the female. Sïnce female Red Crossbills assisted in feeding the young,

ber costs peaked later in the breeding season once the young bad batched.

Incubation

The energy cost of incubation bas been debated in the üterature for sorne time.

Some authors argue that female incubation costs are similar or even less tban those ofa

non-incubating bird because ofheat generated and kept within the nest (King 1973.

WaJsberg and King 1978, Ettinger and King 1980" Mugaas and King 1981" Walsberg

1983). Incubation likely requires minimal energy expenditure.. and for 9 passerine species"

incubation costs were typically lower than for other reproductive stages (Weathers and

Sullivan 1989).

Parental Effort during .Vest/ing and Fledgling Phases

Parental effort during reproduction peaked during the nestling and fledgling phases..

consistent with the literature tWalsberg 1983.. Daan et al. 1990). The nestling period is

often viewed as the "bonleneck" in the reproductive cycle (Drent and Daan 1980) and

mucb infonnation exists regarding ils costs. Unlike the nestling stage.. the fledgling stage

bas been poorly examined.

Benkman (1990) used an equation from Walsberg (1983) to determine nestling

costs to parents. We chose not to use it because resultant nestling costs trom this equation

appeared to he excessive: they were larger than peak costs calcuIated using recent

information from Weathers (1992). The peak daily metabolizable energy (DME) is -the

maximum rate al wbich parents must provision their nestlings" (Weathers 1992), IlOt an

average rate. DME reaches a peak about halfway tbrough the oestling period for most

species (Drent and Daan 1980).

Data for 26 bird species feeding altricial young showed that the highest daily

energy expenditure occurred wbile the parents fed the nestlings (Daan et al. 1990). This

cost varied according to foraging behavior; aerial foragers baving higher feeding costs
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than ground foragers (Williams and Nagy 1984~ Bryant et al. 1985). Weathers and

Sullivan (1989) looked at reproductive costs for 9 passerine species and found tbat the

average nestling period cost for parents was 3.38 x Hut (range: 1.8-5.2). Drent and Daan

(1980) found that when parents fed young, they increased their energy level by 33-50iYo

over non-reproductive levels. Red Crossbills, on average, expended energy al 3.16 x Hnl
for the 21 days of the nestling period. for a 790/0 increase over non-reproductive levels

(Table 2.7). This cost may not bave been constant every clay, or for both parents. Dwing

the first 4-5 days after batching.. the female broods the young almost constantly without

help from the male (Lawrence 1949, Snyder 1954). The male must provide for ber and the

three nestlings tor those first days, and therefore bis peak cost during reproduction occW'S

during that time (Benkman 1990). This suggests tbat energetic costs to parents during the

nestling period varied. and the first 4-5 days may have been the "bottleneck' period for the

males when most food (energy) was required. While this tàct is less important in tenns of

total energy required for breeding (because the cost is the total for nestlings for the entire

nestling period), it is important ecologically because there would bave to he suflicient food

resources available to the male during the first 4-5 days after batching.

Parental costs during the nestling period may have.. in reality.. been higher than

what was estimated by this modeL Without specific data on tèeding rates to nestlings~

assumptions about additional energy expenditure due to increased flight activities could

not be made. As weil as provisiooing the young with food required to meet their energetic

needs (accounted for in the model), parents likely bad increased daily costs associated with

gathering this additional food. This would require more flights to and ftom the nest,

reducing time spent percbing. Walsberg (1983) suggested that a parent would bave to

increase its foraging rate 2-3 times ils non-breeding rate in order to provide for nestlings.

Although increased foraging time during the nestling period was oot built into the modeL

the resuhing fMRuestl is indicative 0 f this cost. [f Red Crossbills were to meet the average

daily nestling energy requirement suggested by the model, they would bave to forage for

25 more minutes/day during the nestling period in order to meet their own as weD as
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nestling demands (331 seeds/day, Table 2.9). This represents an increase of 1.79 times

their non-breeding foraging rate~ similar to what Walsberg (1983) predicted.

Another tàctor increasing daily energy expenditure ofparents during the nestling

period is time to fledge. lt'the young fledge in 2 weeks instead of3, the daily costs to

parents are higher., although total costlnestling does not change.

The average daily energy required to care for tledglings was higher than during any

other period., including the nestling period (Table 2.7). Few studies descnbe energetic

costs to parents during this period., although Smith (1978) found tbat feeding rates of 13­

day old tIedgling Song Sparrows (Me/ospiza me/odia) were 44% higher than those of7-8

day old nestlings. Holmes et al. (1979) found equal costs for both periods., and Biedenweg

(1983) fOWld resuJts similar to those presented here. On average., for the two weeks., the

parents were expending energy at 3.99 x Hot, or a 26% increase above daüy nestling

period energy expenditures.

Energetic cOsts during the fledgling period may aIso have been underestimated. ln

particWar_ thermoreguJatory costs tor fledglings may he higher than estimates used in this

study because there is no thermoreguJatory assistance from the brood in the nest (Royama

1966., Murphy and Haukioja 1986). As weU., the parents may have fed the tledglings for

longer tban two weeks (e.g. 33 days as in Baily 1953) as suggested by Ne~1on (1972)

who tound that crossbills cao ooly effectively feed themselves on their 45th day. Founeen

days was used because il seemed reasonable given evidence from other field studies that

parents only occasionally fed young after this period (Griscom 1937, Lawrence 1949).

More likely, estimated costs for the fledgling period are in excess oftrue coSls.

This is because for many species the care given to newly tledged young continues al about

the same rate for severa! days., but then declines gradually until ending completely, 16-14

days after tledging (Kendeigh et al. 1977). We assumed tbat the costs were the same tor

every day of the two week period. ln reality, their foraging efficiency should have

increased as they aged because their ability to extraet seeds from cones improves with

experience and as their bills grow to cross. When food intake rates were bigh in White­

winged Crossb~ females left males to feed the t1edglings on their own and she
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presumably left to renest (Benkman 1989). If intake rates were low., the female stayed to

help feed the tledglings. This suggests tbat with sufficient resources, the cost for one

parent is not excessive.

Average Dai/y Energy Expenditure during Reproduction (ail stages combined)

The average daily energy expenditure for Red Crossbills during reproduction (2.71

x Hot for females., 2.79 x Hn1 for males) was simiIar to other reported studies: 2.0 to 5.0 (9

spccies of passerines; Weathers and Sullivan 1989), 1.89 to 5.59 (26 species; Daan et al.

(990),3.5 to 4.2 (Drent and Daan 1980), and below the maximum level of5 (across

severa! taxa) suggested by Bryant (1997). For all stages of reproduction, calculated FMRs

were ~ithin the ranges suggested above and therefore seem reasonable for this species.

Allometric equations have also been used to estimate field metaboüc rates (FMR) during

reproduction. Nagy"s (1987) al10metric equation for breeding FMR. gives a value of2.5 x

Hm' which is closer to the value of the nonbreeding FMR than any breeding FMR we

calcuJated. However. allometric equations using mass are not desirable for calculating

daily energy expenditure because environmental influences and population demography

have a significant impact on individual energy costs (Daan et al. 1990).

~fany studies have estimated energy expenditure of reproductive birds in nature.

Understanding more completely the relative costs ofdifferent stages ofreproduction cao

assist in ascertaining limiting factors for breeding birds. Estimates ofenergy expenditure

are often determined from actiVÏty budgets resulting from observations in the field, coupled

with costs allocated to activities referenced from literature suggesting appropriate energy

expenditures. Time-energy budgets based on doubly-labeled water (DLW) have revealed

similar resuJts when compared to studies using direct measurements ofenergy expenditure

(Weathers and Nagy 1980, Williams and Nagy 1984, Bryant et al. 1985, Masman et al.

(988). Williams and Nagy (1984) suggested that differences in individuaJs were more

significant than differences amang species for varied methods. Time energy budgets are
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sufficient for mak.ing broad assumptions when more specifie calculations (i.e. DLW) are

unavailable.

The accuracy ofa rime-budget depends on two main fàctors: the accuracy of the

observations (actual vs. observed time allocations ofactivities) and the accuracy ofthe

metabolic assignments (compared to the actual energy expenditure experienced by the

individual) (Bunemer et al. 1986). There is always some observer bias associated with

measurements ofactivity, and as a result. there could he inaccuracy related to measured

durations ofactivities (Goldstein 1988). As weIL the observation period was assumed to

he an actual representation of the entire day. Thal is. we assumed that individuals behaved

similarly when observers were not present.. which could he tàlse (Goldstein 1988). There

could also be error resulting trom the conversion oftime to energy.. whieh Goldstein

(1988) suggested eould he larger than 25%.

f}..fRs caleuJated trom allometrie equations were based solely on mass. and did not

take into account two important tàctors: 1) mass varied daily and betweeo seasons,

populations. and individuals~ and 2) since most equations were fonnulated based on

studies of severa! species and were not .specifie , to the Red Crossbia, interspecific

differences were oot considered (\Viens and Farmer. 1996). The model was not adjusted

for mass changes, but the objective was to determine energy requirements of an average

Red Crossbill pair, IlOt specifie individuals., and therefore was not concerned with

indi\·idual mass fluctuations. Although energy costs were not specifie to Ioxia

clirvirostra, many energy equations are based on mass, and are not species-specific (e.g.

Weathers 1992).

Conijèr Seed Production and the Timing ofCrossbill Reproduction

Seed /nla/œ RaIes

Benkman (1990) measured intake rates ofbreeding and nonbreeding populations of

Red Crossbills. His observed rates for breeding populations were similar to tbose found

here.. suggesting that the crossbills were experieocing intake rates bigh enough for

reproduction to occur. Evidence ofthis was provided by our observations oftàmily
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groups contaioiog newly tledged young. The seed intake rates recorded were not during

ma.ximum seed availability, 27 August to 3 September (Table 2.8), thus rates should have

been much greater earlier in the breeding season.

Seed Avai/abiliry and the Timing ofReproduction

Benkman (1990) suggested that crossbills were sensitive to changes in intake rates,

which in tum determined the timing of reproduction. He proposed that because of this

sensitivity~ breeding began when females bad enough energy to produce the eggs and food

would still he adequate the first week of the nestling stage. Intake rates must he high

during both stages. Sïnce the period ofhighest energy requirementlday was likely during

the first 5 days of the nestling period. when the male provided for himself, bis mate. and 3

nestlings. the week with the bighest seed availability should he the optimum time for him

to meet those energy demands (Table 2.8). Based on this assumption, young should have

tledged by the lime observations began on 18 September. Newly tledged young were seen

during the first week of the field season. Seed availability was a1so bigh during 18-24

September when young tledged.. another period ofelevated energy requirements for the

adults.

Limitations affecting Red Crossbi/l Reproduction

Earlier we suggested that either the nestling or fledgling phase. or bo~ constitute

a critical period thal would dictate the start and/or success of Red Crossbill reproduction.

The energy constraint for reproduction in Yellow-eyed Juncos (Junco phaeonotus;

Weathers and Sullivan 1989) was food limitation for tledglings. The inefficiency with

which juveniles foraged was cmcial because they could oot provide for themselves without

supplemental feeding from adults, even 4-7 weeks after tledging. Weathers and Sullivan

(1993) stated that for many species ·~productionis timed to coincide with peak food

availability not because adults are energy-limited but because juvenile birds are such

inefficient Îoragers tbat they require abundant food in order to balance their energy

budgets~'. This could he the case with Red Crossbills. Measured intake rates during the
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field season indicated that the adults did not bave to tarage for very long periods in order

to meet energy demands for reproduction, and that fledged young had ample rime available

for foraging and increasing their efficiency because of plentifuJ food sources.

Red Crossbills could meet their daily energy demands during the autumn of 1998 in

Algonquin Provincial Par~ Ontario. Observed intake rates and foraging durations were

sufficient to suppon daily activities.. with additioœl energy avaiJable for providing fledged

young with tood they were Dot yet able to acquire 00 their own. Red Crossbills needed to

consume 370 seeds/day during the noo-breeding season in order to balance energy intake

with expenditure. During the breeding season, 16,787 white pine seeds were consumed by

tèmales.. and 17~238 by males. Therefore~ in order for a pair ofRed Crossbills to raise

three young to a point when tledglings can provide for themselves.. 34,025 available white

pine seeds were required. Coupled with cone and seed production data for white pines.

this intormation is useful tor detennining habitat requirements (ie. treeslba or treeslstand)

necessary tor Red Crossbills to breed in the study region.
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Table 2.1: Symbols and cost fàctors used to caJculate field metabolic rates

(FMR) for Red Crossbill (Lona curvirostra) activities in Algonquin Provincial

Park., Ontario~ September-October, 1998.

ConversIon fàctors represent energy costs addiuooal ta basal merabohc rate (Hot).

Symbol Activity COlt Factor (IDUltiple of H.J

nt Roosting (night) 1

TRnt Thermoregulation a 1.324

dt Daytime 1.2

ap Alert perching a 0.5

pr Preening a 0.8

10 Locomotion a 1

fi Flight a 9.06

of Foraging for seeds and for grit a 2.5

fod Foraging on dead wood a 1.5

ot Otber a 0.3

mo Molt a 0.056
il .. .

•
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Table 2.2: Energetic costs associated with breeding stages for Red Crossbills O_oxill clirviro..,tra) in Algonquin Provincial

I)ark, Ontario, September-October, )998.

Reprodudive Duration Additiona. reprodu~tive Female's FMR equation Male's FMR equltlon

period (i) (days) energy ~osts (FMRI) • (FMRI)·

1. Nest construction 3 Fenlllle builds nest. tfl x 25% No additional costs

increased flying time

2. Egg production 7 Female produces eggs 0.4) x Hill No additional costs

3. Incubation 14 Female incubates eggs No additional costs Female's FMRnon

alone, male fecds her

4. Nestling care 21 Female broods constantly l'ME = 28.43 MI.06 TME ::: 28.43 Ml.Ilfl

tirst 5 days, then shares kJ/chick x 3 chicks·· kJ/chick x 3 chicks··

feeding nestlings with male

5. Fledgling 14 Both feed fledglings until FMR of 3 flcdglings·· FMR of3 flcdglings··

provisioning thcy are independcnt
·thcse are ndditionalto daily costs outlined in FMRl1Cln

•• this ts total cost for both adults

• • •
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Table 2.3: Number ofobservations and t.heir duration tor Red Crossbills (Loxia

curvirostra)~ by age and gender., during September and October of 1998 in Algonquin

Provincial Park.. Ontario.

o~ Total Total observation -te Total

GeDder tObs obsenratioDS time (min) ob!enratioD time

Male 93 30.69 695.2 37.76

Female 82 27.06 594.8 32.31

Juvenile 51 16.83 237.7 12.91

Unkno~n 77 25.41 313.2 17.01

TOTAL 383 100 1840.9 100

Table 2.4: Weather data coUected during the Red Crossbill (Loxia curvirostra)

breeding season of 1998 in Algonquin Provincial ParL Ontario.

Time

period

Day

.-\venge wiDd

speed (II) (mis)

1.5395

Avenge ..bient

telDpenture (oC)

15.96

Average radiation

(% sanligbt)

58.9

•

Night 0.6963 10.99 0

*Day:= 06:00 to 21 :00; Night = 21 :01 to 05:59

**Wmd speed and ambient temperature provided by the Petawawa Research Forest~

Peta~ll~Ontario

67



•
Table 2.5: Time-energy allocation ofactivities exhibited by Lona curv;rostra during

September and October. 1998, in Algonquin Provincial Par~ Ontario.

• daytlme BMR. was concurrent Wlth all actlV1tles c:xcept roosnng. and was addiuooal to actlV1ty œsts

.. foraging for white pine = 0.753 hr. grit = 0.281 hr

Perec•• of %4 hr ToUl Metabolic Total ClIClptÎC

Aetivity period spe•• ia ti.. (lar) rate eost

actmty (kal hr-I) (kul dayl)

Roosting (nt) and 37.5 9 0.650 5.851

Thermoregulation (TRnt)

Daytime BMR (dt)- 62.5 15 0.589 8.838

Alert perching (ap) ., .. 5.52 0.245 1.355_J

Preening (pr) 3.78 0.91 0.393 0.357

Locomotion (10) 0.98 0.24 0.491 0.118

Flight (fi) 1.17 0.31 4.448 1.379

Foraging in white pine (for 4.3 1.03 1.128 1264

seeds) and for gril (fo)--

Foraging on dead wood 4.45 1.07 0.736 0.788

(A/nus rugosa & other) (fod)

Other (01) 5.22 1.25 0.147 0.184

Moult (mo) 100 24 0.027 0.656
. .. .. ..

•
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Table 2.6: Energetic costs associated with reproduction for Red Crossbills (Loxia

curvirostra) in Algonquin Provincial Parl4 Ontario, September-October, 1998.

• these costs are ln addihon to nonbreeding 3CtlV1hes

Eaergetie cost of reproductive-

Reproductive stage Gender related activity

afl'eeted (keal day-I) *

Nest Construction (nest) ~ 0.345

Egg Production (egg) ~ 4.831

Incubation (inc) (/ no additional

Nestling Care (nestl) both 32.84

Fledgling Provisionïng (tledg) both 52.35
. . ...•
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Table 2.7: Calculated field metabolic rates (FMR.) tor Red Crossbills (Lana curvirostra)

in autumn.

Reproductive phase (i) Le.." ladhid_1 ~ Cast ofi Total cost of i

(days) (kat day·l) (kal bintl
) (kal)·*

Nonbreeding FemaJe 20.79 . .

Male 20.79 . .

Nest Construction 3 Female 21.13 63.39 125.76

Male 20.79 62.37

Egg Production 7 Female 25.62 179.34 324.81

Male 20.79 145.53

Incubation 14 Female 14.69 205.66 496.72

Male 20.79 291.06

NestJing Care- 21 FemaJe 37.21 781.41 1562.82

Male 37.21 781.41

Fledgling Provisioning* 14 Female 46.97 657.58 1315.16

Male 46.97 657.58

TOTAL ( ri) 59 Fe..1e - 1887.24 JI25.19

Male - 1937.9S

• FMR ca1cu1ated for young IS sbared amoog botb parents equally

**this total cost is for all individuaJs for reproductive phase
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Table 2.8: Numbers and average weights ofwhite pine seeds caIcuJated trom seedtàU

traps in 1998 al the Petawawa Research Fore~ and corresponding reproductive phase

of Red Crossbills (Lona curvirostra).

Date Numberof Average seed CorrespoadiDg reproductive

seedsltrap weigbt (g) phase of LOXÛI CIUV;rostrtl

Aug. 20 - 27 ... nia Incubation (2nd of2 weeks)'"
Aug. 28 - Sept. 3 66 0.023 Nestling care

Sept. 4 - 10 50 0.017 Nestling care

Sept. Il - 17 12 0.018 Nestling care

Sept. 18 - 24 25 0.015 Young tledge

Sept. 25 - Oct. 1 8 0.015

Oct. 2 - 8 18 0.014

Oct. 9 - 15 ., 0.012

Oct. 16 - 29 ... 0.012'"
Oct. 30 - Nov. 19 2 0.019
•• the average welgbt IS calculated frOID the resuJtant seedtàll ofthe week leading up to that date
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Table 2.9: Corrected field metabolic rates for pair ofRed Crossbills (Loxia curvirostra)

meeting reproductive requirements while foraging on white pine seeds in Algonquin

Provincial Park.. Ontario~ 1998.

Total net Necessary Numberof Total seeds

Reproductive stage ~* eaergy intake seeds required for

(i) (km day·l) (ua. day·l) required Iday i

Nest construction 41.92 52.4 372.8 1119

Egg production 46.41 58.01 412.8 2890

Incubation 35.48 44.35 315.6 4418

Nestling care 74.42 93.03 661.9 13900

Fledgling provisioning 93.94 117.43 835.6 11698

TOTAL (Li) nia nia Dia 34025

Nonbreeding 41.58 51.98 370 nia
*FMR is the tOlal of female and male FMRs

**Number ofseeds required was based on average seed weight for beaviest seed1àIl week (Table 2.8)

See Eq 4 and Appendix 2 for metbods for detennining aetuaJ number ofseeds required
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CONNECTING STATEMENT

Chapter 2 in this thesis~ ECOLOGICAL ENERGETICS OF BREEDING RED

CROSSBILLS (Loxia curvirostra) IN ALGONQUIN PROVINCIAL PARK, ONTARIO~

CANADA descnDed daily activities ofRed Crossbills during the breeding season and

related energetic costs related to those activities. -Chapter 3, THE EFFECTS OF

LOGGlNG OLD-GROwrn WHITE PlNE (pinus strobus) ON RED CROSSBILL

(Loxia curvirostra) DISTRIBUTION AND ABUNDANCE IN ALGONQUIN

PROVINCIAL PARK ONTARIO, CANADA compares historical and current optimal

Red Crossbill habitat in the park. Using energetic requirements derived from chapter 2,

poteotial numbers ofbreeding pairs can he estimated in historical and curreot stands. It is

necessary to couple reproductive costs (in terms ofwhite pine seeds) and availability of

seeds in historical and current forest resources in order to better understand importance of

habitats to Red Crossbills.
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3. THE EFFECTS OF HISTORfCAL LOGGING OF OLD-GROWTH

WHITE PINE (Pilla strobus) ON RED CROSSBILL (LOXÛI clUVirostrtl)

DISTRIBUTION AND ABUNDANCE IN

ALGONQUIN PROVINCIAL PARK, ONTARIO, CANADA

JUUE H. SIMARD1
, IAN D. THOMPSON2

, AND RODGER O. TITMAN1

IDepartmcnt ofNatural Rc:sotU'œ &';enœs. McGilI University. Stc.-Annc-de-8ellcvue. QC H9X 3V9

~ Canadian Forest Service. 1219 Quccn Street East. Sault Ste. Marie. ON P6A SM7

ABSTRACT

Red Crossbills (LoxiQ curvirostra) are specialized conifer seed-eating birds which

breed in Algonquin Provincial Park, Ontario in years ofgood white pine (Pinus strobus L.)

seed production. A study was conducted in Algonquin Park to: 1) determine the

bistorical (ca. 1850s) and current extent of Red Crossbill habitat; and to 2) compare

potential numbers ofbreeding pairs supponed by early seulement (1850s) and currently

available habitat. Field studies detennined the number ofwhite pines per hectare in boreal

mixed and deciduous stands, currently and historically. A GIS based pine-soils model

estimated potential area ofpme stands. Results indicate that optimal Red Crossbill habitat

(pine stands with >70% white pine) may currently occupy about halfofthe area it did

before logging occurred. Therefore, we suggest that potential numbers ofbreeding pairs

of Red Crossbills are, al a minim~ approximately 500Aa ofwhat they were during early

European seulement.

INTRODUcnON

Severa! species in six familles ofbirds exploit conifer seeds to varying degrees

(Smith and Balda 1979). Many ofthese are members of the family Fringillidae, and they

rely on seeds as an important food source (Newton 1967, 1972). The most specialized of
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these seed-eating species are the crossbills (Loxia spp.). Crossbills are unique for !Wo

reasons: 1) mey depend on conifer seeds throughout the year (Benkman 1987a) as

compared to other seed-eaters tbat switch to other foods (i. e. insects or berries) seasonally

or during times ofseed scarcity; and 2) they are inefficient al foraging on other food

sources (Benkman 1988a), feeding aImost exclusively on conifer seeds (Balley and

Niedrach 1953, Bent 1968, Newton 1972, Benkman 1987a, 1990). Crossbills bave a

highly specialized mandibular structure enabling them to forage for seeds in close~ as weil

as OpelL cones (Smith and Balda 1979, Benkman 1988a). As a resuh ofthis dependence

on conifer seeœ. crossbills irregularly undergo large movements in search ofsuf1icient

crops (Griscom 1937, Newton 1970, Benkman 1987a, Senar et al. 1993). As weil

crossbill densities have been linked to cone crop sizes (Reinikainen 1937" Génard and

Lescourret 1987).

Red Crossbills (Loxia curvirostra) are commonly associated with pine forests

(Lawrence 1949. Benkman 1987a. b). Groth (1991, 1993) identified eight~ each

with its own morphology and calI. Benkman (1987a) suggested that each Red Crossbill

type bas an optimal bill size tor foraging on its key cooifer (Benkman 1993a). In Ontario,

e~~emwhite pine (Pinus slrohus L.) seed production is particuJarly important for Red

Crossbills (Lawrence 1949., Ross and Ross 1950, Benkman 1987a). Birds often breed in

the autumn when white pine cone crops mature and seeds are available to reproductive

birds (Griscom 1937, Benkman 1990).

Benkman (1993b) argued that mature trees (oider forests) were crucial to Red

Crossbills because ofcrop stability and high seed production. Dickerman (1987)

suggested t.bat the ·'Old Northeastern" subspecies almost went extinct due to Joss ofoId­

growth eastern white pine, and that bird numbers recovered only after sufficient areas of

forests had matured. Dickerman concluded this by assessing trends in collected specimens

and deterrnining historical abondances from the trends observed. Another method of

estimating changes from historical abundance and distnbution ofRed Crossbills is to

evaluate historical vs. current available habitat. Using eastem white pille as a measure of

seed production (seeds producedltree), an estimate ofRed Crossbill populations supported
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by available seeds can he made using number oftrees present in a landscape.

Eastern white pme (Pinus strobus L.) is, and bas been historically, an imponant

softwood timber species in Canada and demand for it bas been high over the years (Wray

1986). Its distnbutioo in eastem North America bas undergone significant changes due to

human pressure 00 the landscape, specifically Jogging. ln the mid-1800s il was thought

tbat the white pine supply in Ontario was "inexhaustible" and that it could Iast 700 years

(Wray (986). Most of the old-growth white pine stands in central Ontario bad

disappeared by the early 1900s (Aird 1985, Wray 1986).

Algonquin Provincial Park in Ontario bas been logged for white pine since the early

18005. The eastem portio~ (approximately one third of the park), bas sandy, outwash

soils that support aspen or pine forests" mostly white, red (P. resinosa) and sorne jack pine

(P. banksiana). This region was predomioantly pine in the t830s when the 10ggers first

arrive~ and is still dominated by pine today (Strickland 1993). This side of the park and

ioto the Petawawa region of the Ottawa River valley is the Iargest., most extensive area of

eastem white pine in North America (Rajora et al. 1998). Although the stand types may

not have changed., there is one major ditference: the gigantic trees that once existed are

there no longer.

The western region ofAlgonquin Park is a differeot story altogether. Although

white pine currently constitutes a sma1l ponion of this region, there is considerable

information to suggest that it once bad a IOOre significant component ofwbite pine than

today. White pine was logged intensively 00 this side of the park and few remaining

examples ofthat historicallandscape existe There used to be a strong white pine

component in the west, mixed with bardwoods., but aJso forming pure stands and groves

(Martin 1959). Stricldand (1993) said tbat -"ig pille dominated just about ail of the

Algonquin landscape'''.

The objectives ofthis study were: 1) to determine historical distnbution ofmature

white pines in three stand types in Algonquin Park; 2) to compare early settlement (1850s)

to present day (199(5) white pille distnbution and abundaoce; 3) to detennine white pine

seed production (both rime periods) for stands that Red Crossbills use; and 4) to estimate
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Red Crossbill populations that could he supported by historical and current forest

resources (white pine seed trees) in the park.

MEmODS

Siudy Region

Algonquin Provincial Park, Ontario (48°30' N, 78°40' W) is located in the Great

Lakes-St. Lawrence forest region (Rowe 1972) and consists of760,000 baofforest. The

park's forests may he divided into the western (two-thirds) and eastem (one-third) sides,

based on geological.. climatie., and soils ditferences. The western side bas bigher roUing

bills., may ofthem over 500 m above sea leve~ and supports predominantly nonhem

bardwoods (sugar maple Acer saccharum and American beech Fagus grandifoUa) on bills.,

and coniferous (e.g. spruces Picea spp... balsam tir Abies ba/samea) forests in the

lowlands. The eastem side of the park is characterized by large expanses ofwhite pine and

red pine lorests.

L Historiai Distribution of White PiDe

The historical (1850s) distnbution ofwhite pille in Algonquin Park was determined

using three methods: 1) field studies~ 2) a Geographie Information System (GIS) pine·soil

mode}; and 3) a literature search for relevant information. Sïnce white pme cao fonn

monospecific stands or., alternately., exist as supercanopy trees in mixed forests of the

Great Lakes region (Burns and HonkaJa 1990), il was necessary to determïne white pine

abundance in ditferent forest types. The goal of the field study was to estimate historical

components ofwhite pine in two stand types: 1) tolerant bardwoods; and 2) mixed

deciduous-coniferous forests. The GIS pine-soil model was created as a means to estimate

or predict the area ofpine stands (>700-IcJ pine) that bas disappeared since the mid 18005.

1. F~/d StJulies

Study Area and Selection ofSample Plois
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Field work was conducted in September and October of 1997 and May to July of

1998 in Algonquin Provincial Park, in areas dominated by upland deciduous forests. Two

related but separate studies were conducted: 1) a random survey and 2} a nonrandom

survey.

Random Sun'ey

The tirst study was a raodom survey of4 townships within the park: Lawrence,

Dickson.. Clancy and Clyde. These townships were chosen because a previous analysis

(Leadbitter 2000) ofcrown surveyors' data trom 1860-1890 enabled a comparison ofour

resuIts to historical records. Each township was divided ioto four equal quadrats, and 1-3

forested stands were randomly chosen using an overJay grid in three of four quadrats of

each township. For logistical reasons.. each stand was witbin 500 mettes ofan access point

(road or trail) and have sufficient area to enable survey methods (about 300 x 200 m

minimum size). Each stand was categorized according to the following forest types:

1) tolerant hardwoods: these sites were predominantly deciduous. upland, and fresh to

moist sites dominated by sugar maple, American beech., yellow birch (Betu/a

a//eghaniensis), and hemlock (fsuga canadensis);

2) boreal-type mixed woods: these sites were typical ofboreal forest mixed coniferous­

deciduous stands, usually in lowland areas, or cooler, shaded hill slopes and consisting of

black spruce (Picea mariana), white spruce (p. g/auca), balsam tir, eastem white cedar

(Thuja occidenla/is), white birch (B. papyrifera), poplar (Popu/us Iremu/oides), and red

maple (A. rubrum);

3) pine forests: these were stands of white pine and red pine, with sorne jack pine, usually

located on sandy soils. Ideally, one stand ofeach type was sampled in each quadrat within

a township, depending on avaiJab1e stand types in quadrats. Sorne quadrats bad no

accessible pme stands and therefore could not be sampled.

lVearest lVeighbor Sampling l\{elhod

For each slU'Vey, we assumed that stumps ofwbite pine tbat bad been logged
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between 1800 and 1890 were still present and distinguishable (Martin 1959~ Quinby 1991,

D. Voi~ pers. comm.). Martin (1959) noted tbat white pine stumps left from logging

operations in the 19d\ century were in a '6good state ofpreservation". Based on known

periods of logging at locations around the par~ we believe that this assumption is valïd.

Also, loggers in the 19th century used axes or crosscut saws which involved cutting trees

higher than with cbainsaws (which were used after the 19405) (Strickland 1996). We

theretore only sampled stumps tbat we believed were eut and existed in the forest before

1940. The exact date that the ttee was eut was not important because we were ooly

concerned with whether or not the tree was a mature individual in the 18505.

At each site (stand), three transects of250 m Iength each were sampled in a U

shape. Each transect bad 5 points~ 50 m aparL for a total of 15 points. At eacb point, a

random point was selected within a few mettes. From tbat random spot, the nearest white

pine stump~ the ·nearest neighbor'~ was 10cated~ and the distance to the centre of the

stump was measured (to a maximum search radius of30 m). Tbe~ from that first white

pine stump, the distance to the nearest neighboring white pme stump was measured (to a

ma.'<Ïmum of30 m).. and fram that second stump the distance to a third nearest neighbor

white pme stump was a1so measured. Distances more than 30rn were recorded as zero. If

possible, the diameter ofeach stump was measured as weil. This method is fully described

in Batcheler (1973).

~VonrandomSurvey

The second component involved a survey ofareas known to bave historically been

dominated by white pine. The purpose was to determine the density ofwhite pines in

those areas that were previously pine stands, but were logged and converted to mostly

tolerant bardwoods. These sites were selected based on information provided by Ontario

Ministry ofNatural Resources staffwho were tàmjJiar with them because oftheir high

density ofwhite pine stumps. Tbese areas were identified and then surveyed in the same

fashion (nearest neighbor sampling method) as the random survey.

To serve as a control for hardwood stands with a white pine componen~ we
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sampled a large unIogged stand known as the Big Crow Reserve in the park. This area is

characterized by large.. 400-500 year-old white pines (they were approximately 350 )'TS oid

in 1953 [Hosie 1953]) that were Dever harvest~ and therefore representative of the

mixed tolemnt hardwood-pine forests first discovered by loggers in the early 1800s. We

sampled this stand using the same method as the other stands (nearest neighbor sampling

method), except all species were recorded (notjust white pines) and 50 points were

located 15m apart. We measured aIl trees with diameter al breast height (dbh) ~ 10 cm..

and took dbh measurements of the remainiog mature white pines (standing and fiillen). We

counted recently fallen pine (i.e. fàlIen trees with bark mostly intact and branches present)

as if they were still standing.. because the pines in this area bad begun to die and fall just in

the past five years. We felt that this gave the most accurate sample ofa true unlogged

pine-mixed woods stand. This survey in the Crow Reserve was to serve as a control

treatment.. against which to check the white pine stump data on similar site types coUected

in the rest 0 f the park.

AnaJysis ofWhite Pine Stump Daia

The nearest neighbor data were analysed using methods outIined in Batcheler

(1973, 1975) to calcuJate white pine stumps per hectare.

2. GIS-Bilud PiII~iIModei

In addition to mixed stands~ white pine occurs in pineries (stands with >700iO white

pine). In order to estimate the proportion ofAlgonquin Park that historically contained

pine stands, we used a GIS to overlayand compare soù types ofexisting white pme stands

~ith areas ofsimilar soù types but tbat are IlOt pineries. The purpose ofthis ~1lS to

estimate the potential proportion ofthe park that may bave had high pine densities prior to

logging.

We selected a test area of2848 km:! in the northeastem region ofAlgonquin Par~

where the majority of the remaining pme occurs. Maps offorest type (provided by the

Algonquin Forest Authority and Ontario Ministry ofNatural Resources) were overlaid
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with soil types from digital maps descnbing the Quaternary geology of the area (Geddes

and McClenagban 1983-1984). AlI pine stands were selected with white pine and/or red

pine fonning more than 700/0 ofthe staIML regardless ofstand age (under the Forest

Resource Inventory mapping of the Ontario Ministry ofNaturaI Resources, this meant 80~

90, or 100% pine). Area ofeach pine stand on each soil type was extraeted into a data

base. Total forest area for the test zone was derived from GIS, as was the total area of the

park. and total area ofexisting pine stands. The proportion ofsoils supporting pinery was

calcuJated for the test area. and for each soU type. This proportion was extrapolated over

the entire park to provide an estimate ofpineries that might bave existed prior to logging.

Age Structure ofHisloricaJ Foresls

Information on the age structure of the historical forests was not available. We

converted the stump diameters measured in the field to diameters al breast height (dbh)

using the formula given in Myers (1963). We plotted the relative frequencies of the

diameters al breast height in order to estimate age structure ofthe white pines in our study

plots prior to logging in the 18oos. We then compared our resuhs with age structures of

white pine stands found in the literature CVan Wagner 1978~ Holla and Knowles 1988~

Quinby 1991).

Comparison ofour Daia to Crown Surveyors· Records

We used data that were coUected and transenbed in Leadbitter (2000) to veritY our

results. Methods associated with the analysis of the surveyors' notes are detailed in

Leadbitter (2000). The survey notes descnbed white pine distnbuùon in two ways: by

occurrence and by working group (working group means that a forested stand is

dominated by a particular tree species). Much ofthe Pinus resi1lOsa and P. strohus

information in the surveyors~ notes were recorded coIlectively as "pine" and were oot

separated by species. As we were only concemed with white pine distributio~we wanted

to decipher wbat proponion of the stands derived from surveyors~ notes was white pine.

Some of the notes were detailed to specïes. On average, for every red pille recor~ 1.08

81



•

•

•

white pines were observed. This ratio was appüed to the general pine tenn to provide an

estimate ofwhite pines. For working group data., we appüed a 1:4 ratio ofred pme to

white pine't in order to calculate white pine working group nwnbers. Approximately SOOIQ

of the pine (red or white) working groups found in Algonquin Park are P. strobus. Jack

pine working group was in a separate eategory for Clancy township. For the other

townships, although the jack pine working group was included in the pine working group

eategory with white and red pine't jack pine stands were 50 infrequent (al most 1.3%~

Ontario Ministry ofNaturaI Resources.. unpubl) that we considered them as zero.

o. Curreat White Pine Distribution in TOWllSbips of AlgoDqUin Park

/. .Mixed and Deciduous Stands wilh White Pine Componenl

ln 1990. data were collected by the Ontario Ministry ofNatural Resources

(OMNR) in Canisbay and Lawrence townships of the park. Ten 1 km transects in each

stand type were surveyed. and data were collected trom SS points in boreal-type mixed

stands and 56 points in deciduous stands.. using a 2 factor metric prism Only trees with

dbh ~ 10 cm were included (same criterion as for Big Crow Reserve plot). The basal area

infonnation was convened to trees per hectare to correspond to our white pine data using:

N = 21 (d!2)1 x 0.0001 where N = Number oftrees

d = diameter (m) ofeach tree at a plot or point

2. Pine Stands

We used pille stand (>70% white pine and red pine) information from the

Algonquin Park forest resoW'ce inventory (OMNR) to compare the bistorical pine stand

results we calculated with current stand information.

The age structure ofcurrent pine stands in the park was provided by the

Algonquin Forest Authority (2000) (Figure 3.1). Tbat age structure indicated that

approximately 92.5% ofthe pine forests are 50 years old and older (therefore~ofgood

seed-producing age). We aIso plotted the relative frequencies ofwbite piœ diamcters al
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breast beight (dbb) measured (by employees al the Petawawa Research Forest) from white

pine trees (0 =418) in the studyarea We then compared the dbh distnbution ofcurrent

white pines with the dbh distribution ofwhite pine stumps (representing historical age

distribution; n = 440) to compare the age structures.

m. White PiDe Seed Production

Seed production ofwhite pine was estimated using data from the Petawawa

Research Forest (PRF), Petawawa., Ontario, located adjacent to ~~emAlgonquin Park.

White pine seeds were coUected by PRF stafIftom seed traps in study plots al the

Meridian Road Silvicultural Area from 1998-2000. The stands ftom wbich seeds were

trapped were altered with one ofthree thinning treatments: 1) control plot: not eut, basal

area approximately 35 orlba; 2) two Clown plot: spacing between trees was equal to two

full crowns. basa.l area was 6-8 m;!/ba: and 3) one crown plot: spacing between trees was

equal to one cro\\U basal area was 14-16 m:/ha. The pines were approxîmately 115 years

o Id. The seedfall data for 1998 were corrected tor viable seedfà1l (from gross seedfall trap

numbers). The seedfiill in 1999 was zero. The seedfall data for 2000 were not yet

corrected for viable seeds.. 50 we applied a value of 88.35% to the total seedfall to estimate

number ofviable seeds. 1bis was based on an average of 86.7010 (found in heavy seed year

in Graber 1970) and 90% (Noland and Parker, Ontario Forest Research ~~itute, Sault

Ste. Marie., Ontario, unpubl).

The seed data were classified into three categories: 1) nü (poor seed production..

as in 1999); 2) good (or medium seed produetiolL as in 1998); and 3) excellent seed

production (as in 2000). Seeds per hectare were calcuJated by the Petawawa Research

Forest (I998-2000~ unpubl.). Those data were the only seed data found for Ontario white

pines. The data were within ranges quoted from published sources (Fowells 1965, Graber

1970~ KnlgmaD and Ienlônson 1974).

HistoricaJ and Currelll White Pine Seed Production in Red CTossbi/l Habital

T0 determine food availability in the 1850s and Ûl the 19905 in Algonquinp~ we
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first needed to estimate area ofsuitable breeding habitat for Red Crossbills. Using ooly

stands that we determined would bave had sufficient white pines to support breeding birds~

based on observations collected in the field (cbapter 1)~ we estimated food avaiJability in

various seed years. l'bree stand types were considered: 1) deciduous stands with less than

40'Vo white pine; 2) mixed deciduous-coniferous stands with 40-70% white pme; and 3)

stands ~ith more than 700/0 white pine. The number ofpines per hectare~ both historically

and currently~ in upland tolerant bardwood stands «4()OAJ white pine) was less tban the

minimum required by the birds during the breeding season (as observed in the autumn of

1998~ see chapter 1). Therefore~ we did not consider these stand types because they likely

would not bave supported breeding birds (historically or otherwise). Although Red

Crossbills did use stands with 40-7~/cJ pme.. and curreot area ofthese stand types in

Algonquin is known.. we Md no measure ofthese stand types bistorical1y~ thus comparing

the change in that particuJar stand type was oot possible. Therefore.. we used ooly pme

stands (>70% white pine) for seed production calculations because: 1) the birds used this

sta!ld type during the breeding season; and 2) we bad hÏstorical and cuneot estimates of

the area in the park covered by this stand type. The best estimate for those stand types

historically was derived fram the GIS pine-soil modeL and other sources (literature and

anecdotal). With the highest proportion ofwhite pines~ these mature and old pineries tben.

as now. were likely the optimal Red Crossbill habitat in the park.

We estimated seed production in cunent and bistorical forests. There are no

available data in the üterature suggesting rate ofseed production for old-growth white

pme stands, which were prevalent in the landscape wben the loggers arrived in the area of

Algonquin Park. Therefore~ we assumed simiJar seed production in historical forests to

current managed forests in Algonquin Park. This provided a conservative estimate. Sïnce

the white pines trom the Petawawa Research Forest (PRF) were ofsimiJar age to the

stands currently in the par~ we assumed that their seed production was comparable, and

we used data coUected from the control plot al the PRF. UsiDg the current forest

inventory information (Figure 3.1)~ we assumed that only stands 50 years and older were

good seed sources for the birds (Lancaster and Leak 1978), therefore 92.5% of the current

84



•

•

•

pine area was used to calculate seed production. For historical fore~ we assumed tbat

approximately 90% of the historical pine forests were ofgood seed-producing age (>50

years old). In Freüch (1995) it was estimated that 5.4% of the pre-settlement red-white

pine forests in Minnesota were 40 years otd or less.. 50 our estimate seems fàirly

conservative.

IV. Red CrossbiU Ab_dance

Historical Red Crossbill Habitat in Algonquin Provincial Park

Ta determine Red Crossbill nombers that could be supported by the study area.. we

tirst identified what stands~ historically. were likely good Red Crossbill habitat. During the

autumn of 1998. Red Crossbills were observed only in stands with a minimum white pine

composition of400/0 (see cbapter 1). The birds foraged in stands with 94 pineslba. but oot

in stands with less than 15 pineslha «400.lct white pinel. We did not conduct any

observations in stands with between 94 and 15 pineslba. because they were rare in the

study region. Pme distnbution seemed to he bimodal: most mixed stands (<700/0 white

pine) had either ~5()O/o white pine or :f200/o white pine. The tbreshold number ofpines/ba

for breeding crossbills is somewhere between 15 and 94~ but we were unable to detennine

exactly wbat it was. Using data acquired in the fiel~ from published sources~ and the GIS

pine-soil modeL we determined wbicb stands were adequate for breeding Red Crossbills

and determined potential numbers ofbreeding pairs. Stands had to meet IWO

requirements: 1) mjnimum number ofpineslha for breeding birds (>15); and 2) minimum

age for good seed production (50 years and older).

Currenl Red Crossbill Habitat in Algonquin Provincial Parle

Using the same criteria as mentioned ablve for historical Red Crossbill hab. we

used the current forest inventory information for Algonquin Provincial Park to determine

the area of the park covered by pme stands adequate in pine stem density and age to he

Red Crossbill habitat.
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Determination of~VumberofBreeding Pairs

Seed production data were coupled with total seeds required by breeding birds to

estimate numbers ofbreeding pairs suppol1ed by the historical and cunent Iandscape in the

park (see cbapter 2). To detennine total seeds available to the crossbills~ we first

estimated the seeds eaten by another principal seed competitor.. the red squirrel

(famiasciUTUS hudsonicus), and subtraeted that amount from the total seeds produced.

The red squirrel is the ooly other major competitor (other than White-winged crossbills..

Loria leucoplera) that exploits cenifer seeds wben they are still in the cone (Smith and

BaJda 1979). Although red squirrels pretèr boreaJ coniferous forests (Rusch and Reeder

1978. Flyger and Gates 1982, Vable and Patton 1983), they have also been found in red

pme forests (GumeU 1984) and in mixed coniferous-deciduous stands (Yahner 1987..

Mahan and Yahner 1992). Red squirreI densities range between 0.3 and 6.8 squirrelslha

(Davis 1969. Rusch and Reeder 1978.. Gumell1987.. Priee and Boutin 1993.. Priee 1994.

Stuart-Smith and Boutin 1995). We assumed an average intermediate density of3 red

squirrelslha.. since densities increase to bigh numbers ooly mer a good cone crop, due to

higher survivorship (Halvorson and Engeman 1983). Red squirreJs not only consume

conifer seeds immediately.. but also cut cones trom trees in late summer through autunm to

store in middens as winter food. These middens contain enough food for a squirrel to

survive one to two successive WÎIlters. especially in years ofcrop tàiIure (Gumell 1984.. M.

C. Smith 1968). We assumed that an individual red squirrel caches enough seeds to Jast

through one wlnter. It was expected that red squirrels would depend on white pme seeds

during an excellent year~ when seeds were very available. We created a model to

determine the proponion ofseeds taken in an exceOent year, and then applied that to a

good year (although il would likely he lower because ofthe decrease in seeds). We used

an energetic requirement of 109 kcaJlday/squirrel (an average of 100 kcaJ/day from M. C.

Smith 1968 and 117 kcaJ/day for adult males in C. C. Smith 1968). Energetic

requirements were converted to seeds using average seed weights from PRF seed traps in

1998 (O.023g1seed) and 6.110 kilocalories/gram from bomb calorimetry ana1ysis
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performed in the Iaboratory (Crampton Nutrition Lab, McGill University).

Seeds unavailable to Red Crossbills = RS = ER*D*n

where:

RS = Total seeds taken by red squirrels (white pine seedsIba)

ER = daily energy requirements for a red squirrel (white pine seedslday)

0= number ofdays from September to April (appr~ximately 210)

n = number ofred squirrelslha

The total seeds available to Red Crossbills in a given year were divided by the number of

seeds required for successful reproduction (3 young reared to independence, as defined in

chapter 2) (34,025 white pine seeds) to estimate total population that could he supponed

by available habitat in .Algonquin Park.

Number 0 f successful breeding pairs = Total seeds available

Seeds required for successful breeding season

where Total Seeds Available = Total seeds produced - RS

RESULTS

1. Historiai Distribution of White Pille

1. Field SIIIdy

Random Plot Resu/Is

Tbirty stands (439 points) were surveyed in the four townships (Table 3.1).

Approximately baIf(51 0/0) of the data collected were in tolemut hardwood stands~ 36% in

boreal mixed stands.. and 13% in pineries. Average number ofwhite pine stumps/ba for

the four townships was 6 in mixed woods (range: 5-7) and 3.5 in deciduous stands (range:
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0-11) (Table 3.2). Ofinterest was the high number (11) ofpineslba in deciduous stands in

Dickson township, which was significantly greater than the values for the other three

townships (0, 0 and 3). Diameters ofwbite pine stumps ranged from 61 to 79 cm (Table

3.2), averaging 76 cm in mixed stands and 66 cm in deciduous ones. Surveys conducted in

pine stands were rejected because most 0 f the stands had previously been bume~ likely

obliterating many stumps, and hence causing uncertainty in the data. Also, it was not

possible to detennine if the stumps were old or more recent due to tire scars and damage,

nor could we detemline species ofpine.

Se/ected Areas ofHigh White Pine abundance

In areas tbat were selected for their suspected high number of pre-settlement white

pines. stump densities were approximately 9 times higher in mixed stands than those in the

random survey.. and 18 times higher in bardwoods (Table 3.3). Altbough we were initially

led to believe that the West Gate stand (al the western edge of the park) would bave a high

density of white pin~s, results indicated tbat it was similar to the random plots surveyed

(Tables 3.2 and 3.3).

Big Crow Resen'e

The Big Crow Reserve bad 244.2 tree~ and was dominated by American beech

(330/0), eastem hemlock (290~) and sugar maple (22%). Eight (3.28%) treeslba were large

old-growth white pines (Table 3.3). Average dbh of the old-growth white pines was 97

cm (n = 35). No young pines were found in this area

2. G/S-BilSed Pine-SoillVodel

The GIS-based model of soils supporting pine stands deduced that park soils

covering 675.7 km:! (67, 570 ha) would he ideal for pine (>70~~ white and/or red pine~ all

ages) habitat today (Table 3.4). In 1999, Algonquin Provincial Park bad approximately

321.5 km~ (32, 150 ha) ofpine stands (>700A» white pme and/or red pine, ail ages), less

than halfthe area indicated by the GIS modeL This suggested that a pltential decrease of
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520/0 ofpine-dominated stands in the park bas occurred. Because we were concemed with

white pine stands (>70% white pine), we applied this increase (5 2~1o) to the current area 0 f

pineries in the park (13,974 ha) to estimate historical extent ofthis stand type. The model

conservatively suggested that there might have been 29,369 ha ofwhite pine-dominated

stands in the park.

As a test ofour mode~ we located the Logging Museum plot (Table 3.3).. which

was historically a high density pme stand (but no longer is) and found that it was

characterized by soil type 50 (glacio-tluvial outwash). This suggested tbat our model was

providing adequate predictions ofareas previously occupied by pme stands.

Age Structure ofHistorical and Current White Pines

To descnbe historical age structure, we plotted the relative frequencies of the

stump diameters sampled (converted to dbh's; Figure 3.2) and tbey represented a normal

distnoution.. a bell-sbaped curve. Combining stumps for mixed and deciduous stands~ the

highest number ofsturnps (21.55%) were 70-79 cm in diameter. Most (79.68%) orthe

stumps were 40 to 89 cm in dïameter.. and 12.540/0 were over 89 cm. We compared this

distnDution to current white pine dbh~s (Figure 3.2) in mixed and deciduous stands. The

peak density was for 40 to 49 cm, with 28.47% of the trees faIling in this size class. Only

3.350/0 orthe trees had dbh~s between 70-79 cm, an 84% decrease from historical stump

distnbutions. Goly 4.55% oftoday's white pines are over 70 cm dbb, compared to

49.970/0 of the stumps. None of the trees in our study plots in 2000 were over 89 cm dbb.

This suggests that there bas been a major shift in age structure from historical pine stands

compared to current ones, and that there were many more pines historically in the larger

size classes.

Crown Surveyors' Records

According to Crown survey notes (1863.. 1892), historical distnbutions ofwhite

pine in the four townships we surveyed were similar to each other, and to the park in

general (Table 3.5). Stands ofpine working group (i.e., dominated by white pine) in
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Clancy township were approximately twice that of the other to~nships.and higher tban

the park average. Leadbitter (2000) suggested that historical (1890) white pine

occurrence decreased approximately 12% in the par~ but that stands with white pme as

their working group increased by approximately 6% when compared to forest inventory

data of 1990 (Table 3.5). However~ in bis da~ sorne townships, including Lawrence and

Clyde, showed substantial (>70%) decreases in white pine compared to historical numbers.

D. CUITent White PiDe Distribution iD Townships of AIIODquia Park

1. l\fixed and Deciduous Stands with White Pine Componenl

Current white pine abundance in the boreal-type mixed and deciduous stands of the

park in Canisbay and Lawrence townships was low «0.1%, Table 3.6). There was, on

average, 1 white pine/ha in the mixed boreal forests't and <1 (0.2) white pine/ha in

deciduous stands. These numbers were considerably lower than our estimates ofhistorical

white pines trom the random pine stump surveys (Table 3.2). lf stumps are added to

existing numbers ofpineslha, there is an indicated decline of81.9010 and 93.7% ofmature

white pine in mixed and deciduous stands, respectively, with an average of88.7% for these

two stand types (Table 3.6).

Of the current total productive forests ofAlgonquin Provincial Park, only 2.3% are

stands composed of more than 70010 white pine (Table 3.7). An additional8.9010 is

characterized by stands with 40-700;'0 white pine~ and 88.8% ofstands bave a white pille

composition of30% or less (Table 3.7). The boreal mixed and deciduous stands examined

in the stump survey ail fell into the less than 40% pme category, which is by far the most

common stand type in the park. Pine stands and mixed stands with ~40010 white pine are

currently uncommon in Algonquin.

m. White PiDe Seed Production

During an excellent seed year.. given 3 red squirrels per hectare consuming only

white pine seeds for 7 months (September to ApriI).. we determined that red squirrels
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consumed approximately 488~880 seedsIha or 21% of the total seed crop (in 2000). This

was calcuJated from a need of776 seedslday/squirrel. [fthe same proportion ofseeds was

used in years oflower seed production (i.e. 1998), then the squirrels wouJd have

consumed approximately 8345 seedslba over the seven months.

If the park had sustained the area ofpineries suggested by our GIS mode~ then the

area 0 f pine stands would have been approximately double the area present today (Table

3.8). We couJd not estimate rnixed (between 40 and 7(J01O white pme) stands historically,

but our random survey results (Table 3.2) suggested that these types offorest were not

common. Ifthey had been, higher numbers ofpineslba wouJd bave been evident in the

results of the random surveys. These stands did exist, but were Iikely oot as common as

pine stands (>70% white pine) or deciduous stands with <400/0 white pine. However. we

believe that many ofthese stands (i.e.• with 40-70% white pine) probably resuJted trom

selective logging of large pines in stands that had been >700/0 pine, in the mid 18005. We

considered pine stands.. those with >70% white pines. as being the stands with greatest

imponance to breeding Red Crossbills, and based our calcuJations of potential numbers of

breeding birds on their area.

IV. Red CrossbiD Abu_dance

Numbers ofbreeding pairs ofRed Crossbills in white pme stands (>70%) during

good and excellent seed years in Algonquin Park were likely to have been twice the

number in 1850 as in 2000 (Table 3.8), based on our estimate ofreduction in area covered

by pine stands.

DISCUSSION

This is the first study which bas attempted to estimate historical forest resources

that were available to and affecting the breeding population ofRed Crossbills 500n after

human settlement ofeastem Canada Our results suggest that Red Crossbill habitat bas
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declined in Algonquin Park in two distinct ways. F~ there bas been a reduction in the

area ofoptimal breeding habitat (i.e., pine forests) of about 50%. Secorxi there bas been

a 10ss ofoIder stands with trees with larger crowns where seed production was

significantly higher per unit area. Both ofthese changes have reduced the overall

availability ofpine seeds to the birds. Studies bave suggested that Red Crossbills are

dePendent on mature forests (HeUe and Jarvinen 1986, Dickerman 1987, Benkman 1993b,

Montevecchi et al. unpubl.) because these provide the most seed. Holimon et al. (1998)

showed that Red Crossbills fuvoured larger, older trees in Alaska because of increased

seed productio~ and avoided younger stands. Evidence bas indicated that the subspecies

ofRed Crossbill dependent on white pines in the eastem USA was nearly obliterated due

to the loss ofmature white pines in the nonheast (Dickennan 1987). Dickerman (1987)

also suggested that this subspecies ooly recovered in numbers in the northeast during the

20 years previous to bis work, in response to maturing forests. Red Crossbill declines

were aIso linked to the virtual disappearance ofwhite and red pines in NewfoundJand

(Montevecchi et al. unpubl.). Benkman (1993b) recommended the preservation ofmature

and old-growth forests which serve as important habitat for Red Crossbills.

We suggest that our estimates ofpotential numbers ofpairs ofRed Crossbills are

conservative. We did not consider stands with 40-70010 white pille in our calculatioDS, and

the birds used these stands as regularly as pille stands in the autumn of 1998 (cbapter 1).

As well.. seed production would bave likely been bigh in these stands~ because of their

lower white pine densities and consequently increased Clown size.

Our GIS pine-soil model suggested tha~ bistorical1y~ the park may have supponed

al least double the amount ofpine stands than currently. We believe tbat this estimate is

reasonable and conservative because it is based on curreot site occupation byp~ even

though logging over the past 1SO years may have coovened many pille stands in the test

area to mixedwoods. Stands that were historically pille dominated; on sandy soils

(especially on the east side ofthe park which is characterized by sandier soüs), are

generally still pme stands today (Strickland 1993). Dnder natura! conditions, factors

(mostly tire) fàvour pine-dominated stands on sandy soils (Maissurow 1935, Horton and

92



•

•

•

Brown 1960. Van Wagner 1978, Bames 1991). Keddy (1994) showed that presettlement

forest types in eastem Ontario were a resuJt of the interaction between tree species and site

type/ soil moisture. Activities such as logging, and tire suppression (initiated in Algonquin

Park in the 19205) could eventually cause pine dominated stands to convert to mixed and

deciduous stands, as observed in the Big Crow Reserve. Tolerant bardwood forests on

these sites tbat were once pine O, e. Logging Museum site), and predicted with a high and

medium probability by our GIS-soils model to still he pine, indicate that many such stands

have been lost in the park. Therefore, we suggest that the pine-soil model provided a

conservative estimate of the area covered by pine stands.

Other lines ofevidence also support our argument. For example, Braun (1950)

stated tbat original white pme forest was often a pure stand. White pines could occur in

pure stands ex"tending for severa! square miles (Nichols 1935). We found evidence for

stands that were historically pine stands, but which had been convened by logging to

mixed or deciduous stands. at the Logging Museum and Vesper Road sites (Table 3.3).

Martin (1959) suggested that an area with al least 74 mature white pines/ha would indicate

that it was the leading dominant species of that stand. Our resuJts of 52 and 63 stemslba

are less than that for pure white pille stands, but clearly indicate that pine was a more

important component of the historical forest, compared to the forest today. Martin (1959)

conducted surveys in Algonquin Park and counted white pine stumps as well. A close

examination ofbis extensive surveys showed that he found severa! stands with pine stumps

~ilich no longer had a significant pine component (Table 3.9). Manin (1959) aJso detailed

severa! stands of pure white pine within upland deciduous Iandscapes, notably three

specifie examples of 10, 6 and 4 ha. Other studies bave also suggested large decreases in

pine stands compared to presettlement amounts. Our calculated decline of 52% is

conservative wben compared to Whitney's (1987, 1994) reported decline of76% from a

contrast of white pine proportions in 1836-1859 to 1980 in the Lake States. The

presentement forests ofan area along the nonh shore ofLake Huron in Ontario bad pine

stands comprising 4.5% of the landscape, compared to 0.90.4 currently (S. Iones,O~

pers. comm.), a decline of800.4. Wray (1986) suggested that the present numbers ofold-
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growth stands in Ontario are a fraction ofwhat existed presettlement.

The disappearance ofold-growth pine stands in the northeastem USA bas been

weil documented. Frelich (1995) looked al old-growth in three Lake States (Michig~

Wisconsin and Minnesota) and found that 55% ofthe red and white pine pre-settlement

forests had been old-growth (stands > 120 years old) compared to 1.5% in the 199Os. He

also showed that ooly 1.1 % ofprimary forests remained in those states (Frelich 1995).

Lorimer and Frelich·s (1994) researcb on a primary forest landscape in upper ~fichigan

showed that 700/0 of the stands were old-growth (canopies dominated by trees 130-300

years old) and 21% were matW'e stands. When we plotted the stump dbh distn'bution., the

beU-shaped curve (Figure 3.2) indicated more mid-sized pines than Iarger or smaller ones

in the landscape. The distnbution ofthe diameters ofour stumps were similar to a multi­

aged distnoution. characteristic ofundisturbed, mature white pine stands~ with continuous

recruitment (HoUa and Knowles 1988, Quinby 1991). When compared to cunent

diameter distribution.. it was evident that size oftrees DOW was generally much smaller than

tor historical forests.

Guyette and Dey (1995) and Guyette and Cole (1999) examined the age

cbaracteristics ofwhite pine coarse woody debris that had tàllen into the linoral zones of

Di\,iding and Swan Lakes in Algonquin Park. White pines in Dividing Lake were 267 to

486 years old: 20% ofdominant trees sampled were aider tban 400 years; 52% were

300-400 years old; and 28% were 250-299 years old. ln Swan Lake. tree rings of felled

white pines indicated that the trees averaged 242 years ofage when they died. So~ the

ages of trees tbat feU ioto the water were characteristic ofan old-growth forest with

diameters similar to the stumps that we recorded (Guyette and Cole 1999). In Swan Lake,

no eastem white pine natura! coarse woody debris bad been created in the Iast hundred

y~ whicb indicated that logging in the nineteenth century caused a loss of large white

pines (Guyette and Cole 1999). Studïes ofsorne undisturbed old-growth white pine

forests elsewhere in Ontario showed~ on certain site types, pine stands bad continuous

recruitment and were self-replacing~ largely due to small scale local disturbances (HoUa

and Knowles 1988., Quinby 1991). Further., all stands prior to 1920 would bave been
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subjected to ground fires wbich enbance white pine reproduction (Maissurow 1935).

Based on this evidence, our stump dat~ the Big Crow Reserve, and discussions presented

in numerous accounts of the logging industry (e.g.., Gillis 1969., MacKay 1996, Strickland

1996), we believe that the majority ofthe pine forests present in the 1850s7 in the

landscape in what is DOW Algonquin Provincial Par~ were old-growth forests.

Seed Production

Trees with larger cro~ns produce more seeds than trees which are constrained

within a canopy (Graber 1970, Knlgman and Jenkinson 1974., Wray 1986). Younger

stands (480/0 of the current white pine stands in Algonquin are 101-120 years old.. 300/0 are

81-100 years old) bave more pines per hectare, but are more dense., with less room for

crowns to grow. üIder stands (i.e. old-gro\\-th stands) have fewer pines per hectare (see

Horton and Bedell 1960, Figure 44), bave more room for bigger crowns., and therefore

higher seed production per individual (Graber 1970). Seed collections in two separate

studies (Graber 1970, Petawawa Research Forest, unpubl.) showed that stands with

smaller numbers 0 f trees produced similar numbers 0 f seeds per hectare to dense stands,

because the trees of the former had larger crowns. Graber (1970) found tbat levelofseed

production (per hectare) in an intermediate density pme stand (basal area 27.6 m2~

similar to old-growth white pine stand basal areas reponed in HoUa and Knowles (1988),

Day and Carter (1991)~ Quinby (1991) was 36% higber in a good seed year than in higher

density stands. Also~ the two crown-spaced (1ow density) stands al Petawawa Research

Forest produced, on average~ 62% more seedslba in 1998 and 48% more seedslha in 2000

than the control plots (petawawa Research Forest~ unpubl.). Further, aider trees produce

more seeds than younger trees up to about 150 years ofage. Messer (1956) found that a

60 year-old white pille stand produced one-fifth the amount ofseeds as in a 90 year-old

stand. Mature trees aJso bave more stable seed production than younger trees (Benkman

1993b). Stiell (1988) found a strong positive reJationship between dbh and cone crop size

in red pines. He suggested that this reJationship was a ref1ection of the Clown size, on

which dbh and cone production were both dependent (Wenger and Trousdell 1958). We
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suggest that seed production in old-growth pine forests may have been significantly higher

than it is in managed pme forests that are currently found in Algonquin. If 50. the number

ofRed Crossbills that could have been supported by pille stands in the 18S0s may bave

been significantly higher than our estimate (Table 3.8). If seed production in old-growth

forests was 500/0 higher tban in managed stands oftoday~ numbers ofbreeding pairs would

have been approximately 3.5 times the number estimated to he supported by current pine

stands in the park.

Seed production is an extremely variable component ofour mode!. It varies "idely

in space and rime, and even within a given stand type. Cone (and therefore seed)

production tends to he spatially synchronous at regional scales (Sirois 2000). [n one year,

high cone production may be widespread~ the next year seed failures migbt he common

(Smith and Balda 1979). When comparing seed crops in two years of seed production in

red pines.. Snell (1988) found thal although individual tree cone production variec:L the

overall cones ttherefore. seeds) produced/ha was the saJDe. We found few data on white

pine seed production in natural systerm and across a range ofstand types., ages., or

structures. Published sources (Fowells 1965. Krugman and Jenkinson 1974. Burns and

Honkala 1990) provided general information on seed production intervals. ranges in seed

production. seeds per unit mass., and cone biology. Studies ofseeds produced per hectare

in white pine forests were rare in the literature.

White pines can start producing seeds al 5-10 years ofage, although good seed

production normally occurs al 20-30 years ofage (Fowells 1965, Krugman and Jenkin.son

1974~ Burns and Honkala 1990). Optimum seed-bearing occurs when pines are 50-150

years (Lancaster and Leak: 1978). White pme cones require two years to mature. Good

cone production occurs every 3-5 years (FoweUs, 1965), usually followed by Iittle or no

production. The number ofseeds range from 38,600 to 116,800 seedslkg ofcones" with

an average crop of58.,4oo seeds/kg ofcones (Fowells 1965~ Burns and Honkala 1990).

Most ofthe seed is dispersed \\'ithin a month ofmaturity, in August and September of the

second year (FoweUs 1965, Burns and Honkala 1990). In one study in ~faine, seedfall

started in mid-September, peaked in Iate September-early October, and 98% ofthe seeds
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had fàllen by the end ofNovember (Graber 1970). Tberefore, Red Crossbills must take

advantage of the food source to breed within this rime period

Our estimates ofnumbers ofbreeding pairs ofRed Crossbills were based on seed

production data obtained from the Petawawa Research Forest (1998-2000). These

numbers do not necessarily reflect precise estimates ofcrossbills in the bistorical or current

forests 0 f Algonquin Park. Inst~ those estimates were intended to reflect changes in

potential breeding populations. The number ofseeds consumed by red squirrels was a

rough estimate~ and may he higher or lower than we suggested. Regardless, we suggest

that the impact ofred squirrels on white pine seed availability was a constant proponio~

whether in 1850 or in 2000 forests. Red squirrel impacts on ponderosa pine crops were

calcuJated as 140/0 of the potential crop (Schmidt and Shearer 1971), whicb is less than our

estimate of21%. Graber (1970) found that squirrels consumed about 3.6% ofthe

potential crop in high cone crop years. He suggested that in low cone years. the

percentage consumed by animals is much higher due to low cone levels. Our calcuJation

was likely an overestimate because we assumed that the squirrels ooly consumed white

pme seeds. \\"hen in reality~ theyeat other coniferous and deciduous seeds., as weil as fungi

tree buds and tlowers, fruits, insects and ot.ber animal material (Han 1929, Hamilton 1939..

Layne 1954. C. C. Smith 1968, M. C. Smith 1968, Linzey and Linzey 1971. Gumell

1987). Further. we also assumed that all the rernaining seeds would he consumed by Red

Crossbills. AgairL our intention was simply to provide estimates ofchanges in potential

breeding popuJations, and the detennination ofexact numbers ofbreeding pairs was done

to retlect these changes.

Leadbiner (2000) suggested that the occurrence ofwhite pine in Algonquin Park in

1990 was not significantly different than in historical times, based on historical surveyors'

notes. He also suggested that the distnDution ofpine stands bad not changed significantly

from past to present. This implies that the abundance ofwhite pine in the par14 when

those surveys were conducted, is nearly identical to that present in 1990 and that pre­

settlement pine abundance did IlOt differ significantly from the current amount. We reject

this hypothesis, and instead suggest that white pille abundance in the park bas declined
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substantially sinee the 1800~ probably by 50-800./0. One problem with the surveyors ~ notes

is this: because pine are aJmost always a supercanopy tree (especially in old-growth

forests in the 18oos)., when the surveyor (who was IlOt a forester by training) looked up to

determine species compositio~ the pines would aImost never bave been visible. And 50 in

a forest dominated by deeiduous trees., even with considerable pine stems~ pine wouJd

Likely have been greatly and reguJarly underestimated.

A second. even more substantial problem with using the surveyors' notes as

Leadbitter (2000) did to estimate ·'pre-settlement'" infonnation., is that in many instances

white pine harvesting bad occurred before crown surveyors conducted their work.,

especially in the central and eastem areas of the park. Aird (1985) and Wray (1986) stated

that the white pine harvest on Ontario crown tbrests peaked in the mid 1860s when about

25 million cubic feet (0.77 million cubic metres) ofpine were tloated down the Ottawa and

St. La~Tence rivers (Aird 1985. Figure 2). After 1867, the pine trade moved trom square

timbers (tr3ded with Britain) to sawlogs (traded with the United States). The peak for

white and red pine sawlogs occurred in 1896 in Ontario. Although this peak had 5 times

the volume (about 150 million cubic feet or 4.6 million cubic mettes) than the eartier peak

square timber harvest in 1864.. the square timber was much smaller because they logged

the prime trees tirst for sawlogs~ and then retumed for square timber severa! years later

(Aird 1985). The annual pine harvest dwindled in the 1900s for many reasons, but a main

one was the ""dwindling supply ofvirgin pine'''' (Aird 1985). Eight of the 10 crown surveys

for Algonquin were conducted in the 18805 and 18905., 50 il is clear that much of the area

bad already been logged for white pine al the time ofthose surveys. For example, a map

showing the barvest ofpine square timber during 1866-67 for the park (Figure 3.3,

Stricldand 1993) indicated logging during that period in 5 orthe 10 townships (Barro~

Boy~ Clancy, Dickson, Master) used in Leadbitter (2000) to indieate pille density. These

5 townships were surveyed between 1883 and 1892, and th~ were IlOt ·'pre-seulement"

but indeed --post-barvesf' forests. Clyde township survey resuhs support our argument.

Clyde township was surveyed in 1863~ ~ indieated a decrease in white pille stands of

78% (Table 3.5) from pre-settlement rimes. We believe tbat this estimate accurately
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represents pre-settlement forests because Clyde township was surveyed before the initial

pine barvest. Maps ofpine sawlog harvests in 1871 (Head 1975) support our position tbat

much of the park bad been harvested for white pines prior to many of the crown survey~

making tbeir usefulness to indicate pre-senlement forests questionable.

On the other lla.n<L al the extreme west and south of the park, the Gilmour

Company ooly began logging around Tea Lake. Canoe Lake and Bumt Island Lake in

1893 (Long and Whiteman 1998). So. the crown surveyors~ notes descnbing pre­

settlement forests in this region of the park would bave been more accurate.

Further.. a decrease in white pine was clearly evident when we compared the stump

data (Table 3.2) to current white pine densities (Table 3.6) in boreal mixed and deciduous

torests composed of less than 400/0 white pille. In boreal mixed forests., white pines have

decreased an average of 82% (ranging from 78.4% to 84.5%). In deciduous forests.. we

found 50 limes more white pine stumps than the average in current stands in Dickson

township.. a decrease of98 % (Table 3.2). Some deciduous stands likely oever bad a white

pine companent, and remain so (e.g. stands in Lawrence and Clyde). The nonhem

bardwood forest with scanered white pines is a more stable ecosystem than conifer forests

because it is less susceptible to tire and blowdown (Ahigren and Ahlgren 1983). The

change in these forests was graduai after initiallogging because the harvest was selective

~ith the white pine removed 6rst (Curtis 1959. Ahlgren and Ahlgren 1983). In the

absence offire and \\<ith no seed source.. the pine were not replaced (Maissurow 1935).

Nichels (1935) stated that white pine was a normal, although perbaps minor component of

the climax hardwood-hemlock forest., and in that forest il attained "its finest growth and

largest size"". ft persisted as a supercanopy tree in these forests because il was long üved

(Bames 1991). Loggers arriving on the scene knew tbat the largest pine was located

mixed in with hardwoods on deep, loamy soils (lrland 1986). The long-tenn effect of

selective logging ofpines in this stand type is an increase in sugar maple density (Ahlgren

and Ahlgren 1983.. Whitney 1987) as reported in Leadbitter (2000). He found a significant

increase in maple (species and working group) &om the 1890s to 1990s. We suggest that

the increase in sugar maple may have occurred because ofa decrease or loss ofwhite pine.
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Our average of3.5 white pineslha (range: 0-11. Table 3.2) in deciduous stands «400/0

white pme) were similar to the never-Iogged Big Crow Reserve (Table 3.3). Martin

(1959) measured white pine densities in mixed pine-deciduous stands as 0.41 to 2.5 trees

per hectare~ which is within our estimated value (0-11). Whitney (1994) found that

merchantable pine occurred at densities of2.5- 25 treesIha in the mixed pine-hardwood

torests of Wisconsin and southem Michigan. Composition details ofa climax hemlock

hardwoods forest in Michigan indieated that white pines made up 2.'70!cJ of the canopy,

with hemlock al 59.5%~ and red maple al 13.50/0 (Braun 1950).

The processes controlling the nature ofdeciduous stands was very different than

pine stands. Forests dominated by sbade-tolerant species could reproduce witbout large

canopy openings (Frelich 1995). This stand type !lad mo~ deep, nutrient rich soils

(Frelich and Reich 1996). The climax mixed hardwood stands varied, but the dominant

species were sugar maple, hemlock and American beech (NichoIs 1935), as observed in

our control stand in the Big Crow Reserve. These stands had long replacement intervals

(Frelich 1995). Fires are generally small and Iess frequent in areas where soil is moist

(Ahlgren and .AJ1lgren 1983). Because ofthis, stand dynamics in the climax mixed

hardwood stands were often controlled by the death ofa canopy tree (Runkle 1982.

Lorimer and Frelich 1989, Whitney 1994). Wmd was a major disturbance in this stand

type (Frelich and Reich 1996). The natura! disturbance regime involved rare catastrophic

winds. ~ith frequent low or moderate intensity disturbances that removed a small

percentage ofthe forest canopy (Frelich and Reich 1996). In these forests tbere were

many generations oftrees and old-growth conditions could occur for hundreds ofyears

(Frelich 1995.. Frelich and Reich 1996).

ln the autumn of 1998~ we observed tbat breeding birds did IlOt frequent or forage

in stands with less tban 15 pineslha. So, this habitat type (<4()O/o white pine) in the

historicallandscape may have never been used by breeding crossbills. B~ it is aIso

possible that this habitat type was more attractive to Red Crossbills in the bistorical

landscape than it is today for two reasoos:

1) white pines in presenJement stands were much older supercanopy trees compared to
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those present today (approximately 100 years ofage) and their larger crowns would bave

produced more seeds;

2) the presence of large supercanopy trees was much more prevalent across the landscape

than it is currently (comparison ofTables 3.2 and 3.6).

Ifmany stands had small amounts oflarge pine in the 18oos, they could have been much

more important than the small numbers ofwhite pines existÏDg in mixed stands (<40%

white pinel in the park today. The white pines found today in this stand type are perhaps

too scattered and infrequent to he energeticaUy advantageous to Red Crossbills. Red

Crossbills forage in groups., and are energy-maximizing foragers (Benkman 1987a., 1989,

Smith et al. 1999). \Vhile foraging, they use the bebavior of feUow foragers to assess the

quality ofpatches ofbabitat: ·~ublic information" (Clark and Mangel1984.. 1986,

Benkman 1988b,Valone 1989, 1993, Smith et al. 1999). They use public infonnation to

assess poor patches more quiekly then they would ifforaging alone, and this strategy is

very important in assessing slight differences between good and better patelles (Smith et al.

1999). This system of foraging may explain why Benkman (1987b) found that the time

spent searching for conifer cones contnbuted little to overall foraging time, and that time

spent removing seeds from cones was the mast variable and time-consuming component of

foraging. As a result., we would assume that Red Crossbills would forage optimally by

choosing areas with high concentrations of seeds.. sueh as in stands with high numbers of

pines, over areas with smaller numbers ofseed sources. But~ the white pines that were

present historically may have bad sufficient seeds (with their large crowns), and been

frequent enough in the Jandscape to support breeding birds. Red Crossbills often forage in

the same trees and revisit trees with many cones~ mueh like Cbristensen et al (1991) found

tor Clark!s Nutcrackers (Nucifraga co/umb;ana). CJark's Nutcrackers maximize foraging

efficiency by choosing trees with manyco~ therefore spending less rime bandling CODes,

and travelling within and among trees. \\'bite pine trees with sufficient cones and present

across the landscape~ much more 50 than today~ could have therefore been good seed

sources for the birds historically.
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Studies investigating pre-settlement Jandscapes have become prevalent in the

üterature in recent years as researchers attempt to establish baseJines for biodiversity and

forest conservation (Christensen 1989, Abrams and Ruffiler 1995.. Frelich 1995, Frelich

and Reich 1996. Jackson et al. 2000, Zhang et al. 2000). Frelich (1995) stated that

""presenlement forests can he interpreted as a stable baseline and used to evaluate changes

in the landscape caused by humans'''. The historical forest evolved under natura!

processes.. whereas the post-settlement forest is a result ofboth natural and human

disturbances (Davis 1981. \\'bite and Mladenoff 1994). Most oftoday's white pine forests

in Ontario are younger second..growth forests" resulting &om logging (Wray 1986)..

whereas the presenlement forests were predominantly mature and old-growth. The

alteration of the original distribution ofpine forests in Algonquin Provincial Par~ and

elsewhere.. bas greatly decreased potential breeding populations ofRed Crossbills. The

evidence indicates that the decrease in average age ofpille forests bas reduced seed

production in years when the birds arrive in the park to breed. and tberefore reduces the

potential numbers of Red Crossbills that could breed successfully. A simiJar effect is

probable across much of the Great Lakes-St. Lawrence forest region ofeastem Canada.

The aheration of the pre-settlement landscape could bave etfects that are not only regional.

but on much larger scales.
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Table 3.1: Stands surveyed for white pine stumps in four townships ofAlgonquin

Provincial Park. Ontario, May-July, 1998.

Numberof Nu.ber of ,omis Total DUDlber

Township staDds ofpoiDts
Hardwood Boreal Pine

surveyed eondueted
Mixed

Lawrence 7 50 50 0 100

Dickson 8 50 50 15 115

Clyde 9 73 44 15 132

• Clancy 6 50 15 27 92

Total 30 223 159 57 439
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• Table 3.2: Mean number and diameter ofwhite pille stumps in

random surveys conducted in four townships ofAlgonquin Provincial

Parl4 Ontario, May-July, 1998.

Township Forest type White pineslba Average

(mean±SE) diameter (cnn)

La\WeDCe BM 5 ± 2.38 78.59

0 0 nia

Dickson BM 7 ± 3.89 76.3

0 Il ± 8.14 61.39

Clyde BM 6 ± 2.88 73.23

D 0 nia

Clancy BM insuffiCieDt data 16.55

• 0 3 ± 2.31 70.33

AlI townships BM 6 76.17

D 3.5 65.86
•• BM = boreal-type mixedwood. 0 = deciduous

Table 3.3: Mean number and average diameter ofwhite pine stumps in selected areas

ofAlgonquin Provincialp~ Ontario (1997-1998).

Location Forest type White pine stumpslba Average

(mean± SO) diameter (cm)

Logging Museum M 52 ± 11.44 50.61

Vesper Road 0 63 ± 10.08 62.6

Bonfield-Dickson Portage M insufficient data 72.51

West Gate D 5.2 ± 1.77 80.66

• Big Crow 0 8 ± 2.80 96.8
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• Table 3.4: Results ofa Geographie Information System pine-soil model: cuneot (1999)

and theoretical area ofsoil types supporting pine stands in Algonquin Provincial Park

(AP)~ Ontario.

·K~ ta SOI] ~1JCS on page tollowmg

Soil Test Ana or pille staads Ratio Tolaiarea T1Ieoretiai ara

type regÏOII (>70-/. pille) ia test (am pi.eI.ra ia AP(km1) or piae sa" iD

area (km1
) regioII (kml

) test regioII) AP(km1
)

10 459 38 0.082 1360 111.4

10 442 35 0.08 904 72.4

21 310 24 0.076 940 71.9

22 15 2 0.13 114 14.8

30 618 42 0.069 1120 76

31 122 8 0.064 211 13.5

~., 4 1 0.258 9S 24.4J_

33 9 0 0 10 0

40 16 2 0.149 68 10.1

41 74 9 0.127 255 32.4

42 9 2 0.187 :!2 4

50 452 106 0.236 836 197

51 20 3 0.166 77 12.8

52 2S 3 0.113 31 3.6

70 21 2 0.082 104 8.5

80 252 Il 0.045 513 22.9

Total 2848 %88 - 6660 675.7
. .

•
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Key to soil types of Tablr. 3.4:

10: sbaJlow drift soils over bedrock

2x: Bedrock-drift complex., sufficiently thick drift to subdue bedrock

20: unsubdivided

21: mainly till

22: mainly sand and gravel

3x: Till: silty sand to sand

30: unsubdivided

31: compact silty sand

32: loose to moderately compact silty sand-sand

33: reworked by fluvial action

4x: Glacial fluvial ice-contaet

40: stratified sanci gravel boulders

41: kames

42: eskers

5x: Glacio-tluvial outwash

50: unsubdivided

51: mainly sand

52: sand/gravel

70: Alluvium: sand. silt. minor gravel

80: Organic soils., peat, muek
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Table 3.5: Historical (1890) Pinus strobus distribution determined from Crown surveys

compared to recent (1990) forest inventory data in Algonquin Provincial Par~ Ontario.

Source: Leadbitter 2000.

% White piDe -t. White piDe

Township (total occurrence) Change• (worldng group) Change•

1890 1990 (0/.) 1890 1990 (%)

Lawrence 8.33 0.5 -94 6.49 Nia Nia

Dickson 5.49 6.01 8.7 5.75 9.98 42.4

Clyde 4.38 1.03 -76.5 5.47 1.2 -78.1

Clancy 7.4 6.78 -8.4 14.14 6.53 -53.8

Average 6.4 3.58 -44.1 7.96 S.9 -2S.9

Algonquin Park 7.23 6.36 -12 9.14 9.71 S.9
Surveys occurred fram 1863-1892
• Note: -+... indicates an increase in pin~ .•_.. indicates a decrease
Algonquin Park = total of 10 townships. including the 4 mentioned in table.

Table 3.6: Trees and white pille per hectare in the eastem region ofAlgonquin

Provincial Park.. Ontario (199O). Source: Ontario Ministry ofNatural Resources.

unpublished data

•

Stand type

Boreal mixed

Deciduous

Trees/laa

<Dieu ±SE)

743.61 ± 45.66

599.49 ± 35.85

White pmelba

(.eaD2: SE)

1.08 ± 2.41

0.220 ± 0.10
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Table 3.7: Stand types ofproductive forests ofAlgonquin

Provincial Park. Ontario (2000).

Source: Algonquin Forest Authority~ HUDtsville~ Ontario.

Stud type Wbite piDe colDposition Ara (ha)

Pinery >700./c) 13~974

Mixed 40-70010 S4~654

Deciduous <400./c) 544~491
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Table 3.8: Seeds produccd in good and medium seed years and Red Crossbills (RECR)supported by pine stands in Algonquin

Provincial Park, Ontario, in 1850 and in 2000. Equal seed production per hectare was applied to managed (year 2000) and old-growth

(1850) forests. Total seeds available to REeR were calculated by subtracting seeds consumed by red squirrels.

Area Area of stands Total seeds Total seeds Total seeds Numberor

(ha) >50 yean old Seed per Ivailable to prodUfed breeding pain of

(ha)- year heftare· RECRlha h (millions) (a 1 b) Red Croubilh

Managed Pine 13,974 12,926 Good 39,738 31,393 405 Il ~926

Forests (2000) Excellent 2,JO 1.711 1,818~831 23,510 690~968

Old-Gmwth Pine 29,369 26,432 Good 39,738 31,393 829 24~387

Forests (1850) Excellent 2,JOI,711 1,818,831 48,075 1,412,941
·Seeds per hectare provided by Petawawa Research forest, unpublished data, Petawawa. Ontario.
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Table 3.9: Stands surveyed by Martin (1959) in Algonquin Provincial Par~ Ontario:

densities ofwhite pine (Pinw strobus) stumps~ diameters~ and historical nature of stands.

Plot Stand type White piDe DiaDleten of Type of stand

(in 1959) (stumpslba) piDes (cm) bistorieally

E 1-1 Boreal-type mixed 91.4 15-61 White pine

EI-2 Upland deciduous 42 Mixed pine-

hardwoods

PBl-1 Poplar-birch upland 160.6 White pine

BS-BP BetuJa-Populus mixed 163 >30.5 Pinery

with Abies-Picea (not specified)

BS Abies-Picea 42 Mixed pine-

hardwoods

Pl Immature white pine 650 trees Hardwood

forest

P2 Virgin pine 741 45-76 White pme

P3 Virgin Pine-Tsuga 76.6 30.5-122 White pine

other Virgin Pine with 0.4-2.5 122 Mixed pine-

hardwoods hardwoods

BS-H Abies-Picea and 27.2 Mixed pine-

hardwoods bardwoods

HI Upland bardwoods 2.5 nia

H2 Upland hardwoods 19.8 nia

HEl Hemlock 7.4 31.8-123.2 Cedar
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Figure 3.1: Age structure of white pine forests in Algonquin Provincial Par~

Ontario (2000).

•
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Source: Algonquin Provincial~ Forest Management Plan for April 1~ 2000 to March 21,
2020 by the Algonquin Forestry Authority, Pembrok~ ON
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Figure 3.2: Relative densities ofnee size cJass (diameter at breast

height) distnbutions for current and bistorical white pines in mixed

and deciduous stands in Algonquin ProviDcial Park, Ontario.
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Figure 3.3: The white pme square timber barvest in Algonquin Provincial

p~ winter of 1866-7. Map prepared by the Department ofGcography,

Wi1fred Lamier University, Ontario. Source: Strickland 1993•
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CONCLUSION

ln years ofgood white pme seed production in Algonquin Provincial Park, Red

Crossbills arrive and breed in autumn. A minimum of400Al white pine (at Ieast 100 years

ofage) in each stand appeared to he suitable for Red Crossbill use. As long as sufficieDt

cone·producing white pines with large crowns were available in~ Red Crossbills

frequented the stands to forage and breed. A threshold number ofcones per stand is

required by Red Crossbills in an area, above which they may use otherc~ sucb as

sources ofgrit., to decide which stands they use. Mature, dominant trees with large

crowns., positioned along gravelled roadways were the optimal seed source for Red

Crossbills in Algonquin Park. Observed intake rates and foraging durations were sufficient

to support daily activiti~ with additional energy avaiJable for providing tledged young

witb food they were not yet able to acquire on their own. A successful breeding season

for a pair ofRed Crossbills (based on raising 3 young to independence) required 34.,025

white pine seeds. Optimal breeding habitat in Algonquin Park consisted ofstands with a

minimum of94 mature white pineslba. A GIS pine-soil mode! estimated that changes in

the landscape ofAlgonquin Park. as a result ofhuman alteration (Jogging and the

suppression ofme), bave resuhed in a significant decrease (52%) ofoptimaJ Red Crossbill

breeding habitat. This estimate was supported by other evidence from a survey of

bistorical white pine stumps. and a literature review. Haifofthe white pine stands in the

park are no longer present, compared to the carly European settlement period in the mid­

1800s, suggesting that potential breeding populations were double the size currently

observed. An added eifect is the likely probability that seed production rates (seedsIha)

are considerably less in the curren~ younger, managed forests ofthe park than they were in

the primary old forests when the first sen1ers arrived. This bas an additional, negative

impact on numbers ofbreeding birds, althougb we were not able to measure it precisely.

A similar eireet is probable across much ofeastern Canada, and the northeastem United

States. The alteration ofthe pre-settlement Jamscape could bave significant eftècts not

only regionally, but on a mucb larger scale.
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APPENDIX 1. Equations used in calculation of field metaboüc rate.

Basai J.\1etabolic RaIe (HnJ =(3.1 ceO:! gel br- l
) (33.0g) (4.8 cal ceO:!-I) (l keal)(lOOOcal-1

)

= 0.491 kcal bird-l hr- l or 11.784 kcal bird- l day-l

Daytime basai metaho/ic rate (HdJ) = 1.20 x lint = 1.20(O.49Ikcal br- l
) = 0.5892 keal br- l

Standard Operative Temperature (Balcken 1990):

Daytime (06:00 to 21:00)

Tb = 39°C

Te = Ta + radiation effect = Ta + average of 58.90/0 sunlight = IS.96°C + S.89°C =

21.85°C

u = 1.5395 mis

Tc:s(da\'irnc:) = Tb - (1 + 0.26~ ) (Tb - TcJ

== 39°C - [1 + 0.26 ( 1.5395)°·5] (39°C - 21.85 OC)

= 39°C - 22.683 oC

= 16.32°C

-radiation etfect: [fbirds are in full sunlight. Te will he about Ta +10° C. lfin the shade. Te will

approximate Ta (therefore Ta "1'" 0). (Weathers. pers. comm.)

•• Tb = 39°C: approximation: Red Crossbills kept body temperature between 38.5 oc and 40°C during

the night even though ambient temperatures went ti'om -15 ta +28.S oC (Dawson and Tordoit: 1964)

Nïght (21:01 to 05:59)

Tb = 39°C

Te = Ta == average of IO.99°C

u = 0.6963 mis

Tes (nigltt) = Tb - (1 + 0.26,J; ) (Tb - TcJ

= 39°C - [1 + 0.26 (0.6963)°·5] (39°C - lO.99°C)

= 39°C - 34.087c C

== 4.913°C

• Te equals Ta because at Right Te will he within a couple degrees ofTa (Bakken 1990)
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Thermoregulation: Using the equation from Benkman 1990 and substituting standard

operative temperature for ambient temperature- Thennoregulatory cost was 0.650 kcal br-

1 1"" Hnor .-'_ x t .

..llert perching =0.5 x Hot =0.2455 kcal hr-I(5.52 br) = 1.355 kcal day-le

Preening = 0.8 x Hnt = 0.3928 kcal br-1 (0.91 br) = 0.357 kcal clay-t.

Locomotion = 1.0 x Hot = 0.491 kcal br-t (0.24 br) = 0.118 kcal day-le

Flight (Norberg., 1996): RMR (zBMR) = 4.02 M 0.68 = (4.02) (0.033kg)o.6I =0.395 watts

Pmet (metaboüc power required to fly) = 57.3 M 0.813 =57.3 (O.033kg) 0.813 =3.578 watts

Cost Factor ofFlight = PmetIRMR = 3.578/0.395 = 9.06

Therefore 9.06 x Hnt = 4.448 kcal br-t, multiplied by 0.31 br = 1.379 kcal day-le

Foraging on conifer cones andfor gril = 2.5 x Hnt = 1.228 kcal br-t, and occurred for

1.03 brs therefore the total cost was 1.264 kcal day·t .

Foraging on dead wood = 1.5 x Hnt = 0.736 kcal br- t. and occurred for 1.07 hrs theretore

the total cost was 0.788 kcal day-l .

Other Activities = 0.3 x Hnt = 0.147 kcal br· l x 1.25 br = 0.184 kcal day-le

~\1oult (Kendeigh et al. 1977): Total cost ofmoult (kcal bird-1
) = NEM =8.377 WO·9591 =

239.6 kcal

At an average ambient temperature of 13.5 oC , the actual cost ofmoult is approximately

23% ofthe NEM (figure 5.9 in Kendeigb et al. 1977) = 55.11 kcal.

The moulting costs are divided by 84 days (days in average moulting period. Newton

1972). and the cost is 0.656 kcal clay-t, or 5.56% ofHnt (an additional cost to the BMR of

5.570/0 or 0.0273 kcal br- l
).

Cost ofegg production (femaJes) = 0.41 x Hnt~ occuning over the entire 24 bours.,

resulting in a total daily cost ofapproximately 0.201 kcal hr-l or 4.83 kcal day-le
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APPENDIX 2: Calculation ofField Metabolic Rates

lvonbreeding F_~ (F~\1Rrro,j:

~n = tm(HuJ1"Ru. + tœ(H.J+ ~(~ + ~~) + tlo(Hlot + ~(Hn> + lro<Hro) +

trod(HroJ + tot(!U + lmo{HmJ

= 9(0.491)(1.324) + 15(0.589) + 5.52(0.245) + 0.91(0.393) +

0.24(OA91) + 0.31(4.448) + 1.03(1.228) + 1.07(0.736) + 1.25(0.147) + 24(0.0273)

= 20.79 kcal day·l

Nest Construction FlfR (FMR,.d:

Female: FMRnc = F~n + 4.65 min offlying = 20.79 kcal day·l + (4.448

kcal hr- l)(0.0775 br) = 20.79 kcal dafl + 0.345 kcal = 21.13 kcal day-l

Male: FMRnc = F~D = 20.79 kcal day·l

Egg Production FJ.'JR (FA1R~gg)'-

Female: F~ = ~n + egg production = 20.79 kcal dafl + (0.41 )(0.491

kcal hr- l)(24 hrs) = 20.79 kcal day·l + 4.83 kcal = 25.62 kcal day·l

Male: F~ = FMRuon = 20.79 kcal day·l

Incubation FlvfR (F}JRmd:

Female: FMRmc = lut(Hm)1"Ru. + tdl(H.J = 9hrs(0.491 kcal hr-I )(1.324) +

15hrs(0.589 kcal br- I) = 5.851 kcal day-l + 8.838 kcal day-l = 14.689 kcal

day·l

Male: FMRmc = FMRuon = 20.79 kcal day·l

(Although the tèmale's FMRmc was aIlocated to ber, it was actually fuIfilled by the male

who met ber energy requirements by feeding ber)

.Vestling Care F}JR (FMRttes,JJ'-

Female: fMRnest1 = F'MRuoo = 20.79 kcal day·l

Male: f}.-1RucstI = F1v1Ruoc = 20.79 kcal day-l
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Nestlings: FMRucstl = TME = 28.43 M L06 = 28.43 (27. 72g)1.06 = 961.92 kJ/t1edging =
229.90 kcallfledging [x 3 fledglings = 689.7 kcal total clutch]

Nestling period - was 21 days - 689.7 kcal / 21 days =32.84 kcal day-I /2 parents = 16.42

kcal day-1 parent -1

F/edgiing Provisioning F.\/R (F.\fRj1edg):

Female: F~cdg = FMR.on = 20.79 kcal day-l

Male: F~g =~ = 20.79 kcal day·l

Fledglings: FMRl1edg = FMRnon (mass of27.72g instead ofadult mass) = 17.45 kcal

day·l

[ x 3 tledglings = 52.35 kcal day·l total]

Used 14 days for this period - 52.35 kcal day-l (14 days) = 732.9 kcal total for tledgling

provisioning [or 26.18 kcal clay·l paren(l]

APPENDIX 3: Calculation of Pinus strobus seeds required to meet Field Metabolic Rates

o fboth parents

s=
FMRi

where
m(c)

•

N C · 52.40 keal / dav 37"" 8 dslda.. est onstruetlon: s = - =.t.. see y
O.023g i seed(6.11 keal / g)

. 58.01 kcal / clay
Egg Produetlon: s = = 412.8 seedsldav

0.023g / seed(6.11 keal / g) ..

l ba · . - 44.35 keal / day - "'15 6 seedsldaDell tlon. s - - ~ . v
0.023g / seed(6.11 kcal / g) ..

Nestling Care: s = 93.03 kcal / day 661.9 seedsiday
0.023g / seed(6.11 kcall g)
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117.43 kcall day = 835.6 seedslday
Fledgling Provisioning: s = 0.023g 1seed(6.11 kcal / g)

51.98 kcall day = 370 seeds/day
Nonbreeding: s = O.023g 1 seed(6.11 kcall g)
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