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INTRODUCTION

“oo only a freak ornithologisi wonld think of learing the trails fon Mt. Mansfield] for more than a few feet. The discouragingly
dense tangles in which Bicknell's Thrushes dwell have kept their habits long wrapped in mystery” (Wallace 1939).

Bicknell's Thrush (Catharns bicknell), recognized as a subspecies of the Gray-cheeked Theush (Catharns
minimns) since its discovery in 1881 on Slide Mountgin in the Catskills of New York, has recently been given
fyll species status (AOU 1995). Significant differences between the two taxa in morphology, vocalizations,
genecs, and breeding and wintering disteibutions contributed to this designation (Ouellet 1993). This
classification has led to the recognition of Bicknell’s Thrush as one of the most at-risk passesine species in
eastern North America. Rosenberg and Wells (1995) ranked Bicknell’s Thrush as number one on a
conservation priority list of Neotropical migrant birds in the Northeast. The species has been accorded
“vulnerable” status in Canada (Nixon 1999) and is also proposed for “vulnecable” status by BirdLife
international for the IUCN 2000 Red List (to be pubkished in October 2000).

The breeding range of Bicknell's Thrush in the United States is limited to subalpine spruce-fic forests of
New England and New York (Atwood et al. 1996). In Canada it is found in highland spruce-fir forests in
Quebec, Nova Scotia and New Brunswick Esskine 1992, Ouellet 1993, Gauthier and Aubry 1995). It has
also been found in mixed second-growth forest following clear cutting or busning in Quebec (Ouellet 1993)
and New Brunswick (Nixon 1996, D. Busby, pers. comm.). As the only breeding songbird endemic to high
elevation and maritime spruce-fir forests of the northeastern United States and adjacent Canada, Bicknell’s
Thrush qualiftes as a potentially valuable indicator of the health of montane avian populations and their
associated forest habitat. Research aimed at clanfying the distcibution, ecology and population status of
Bicknell’s Thrush in the Noctheast have been underway since 1992 (e.g,, Atwood et al. 1996, McFarland and
Rimmer 1996, Rimmer et al. 1996); similar studies are in progress in New Brunswick (Nixon 1996), Nova
Scotia {D. Busby pers. comm.), and Quebec (Rompré et al. 1997).

Decline of high elevation forests in the northeastern U.S. during 1960s and 1970s is a well documented
phenomenon (Johnson and Siccama 1983, Eager and Adams 1992). Red spruce (Prrea rubra) dieback has been
especially pronounced, but mortality of balsam fir (4&es balramea) has also been extensive and widespread
(Miller-Weeks and Smoronk 1993), although most of this has resulted from naturally-occusring fir waves.
Atmospheric deposition of acidic ions from industrial sulfur and nitrogen oxides has been strongly, although
not conclusively, implicated as a causal factor in red spruce decline {Johnson et al. 1992). Increased winter
freezing injury of spruce, possibly mediated through reductions in calcium reserves, may be directly linked to
high levels of acidic deposition (DeHayes et al. 1999). Despite declining trends in atmospheric sulfate
concentrations resulting from mandates of the 1990 Clean Air Act amendments, acidity of precipitation in
northeastern North America does not appear to be decreasing (Scherbatskoy et al. 1999). Heavy metal
toxicity from aubome pollutants has also been implicated as 2 contributing cause of high elevation forest
decline in the northeastern U S, particulacly in the Adirondack and Green Mountains (Gawel et al. 1996),
although several recent studies indicate that lead concentrations in the forest floor ate rapidly decreasing
(Friedland et al. 1992, Miller and Friedland 1994, Wang and Benoit 1997). These documented problems,
combined with potential loss of habitat to global climate change (Prasad and Iverson 1999), other
atmospheric pollutants (i.e., mercusy), ski area development, telecommunication tower cons truction, and
proposed wind power facilities make this restricted habitat one of the most vulnerable in eastern North
America.

Many important questions about the ecology and stability of Bicknell’s Thrush breeding populations
require intensive monitoring of discrete habitat units and studies of known-identity individuals. Baseline data
on population densities, territory size, movements, productivity, site fidelity, survivorship, habitat use, and the
effects of human activities are needed to evaluate the conservation status of the species across its naturaliy
fragmented, high clevation breeding range. This report summarizes breeding season field studies conducted
by the Vermont Institute of Natural Science (VINS) during 1999, in an effort to investigate the effects of ski
area-related actvities on Bicknell’s Thrush and other montane forest birds. Data collected since 1992 are
wncorporated into many of the analyses presented here.



METHODS

Study areas and jocal species.-- Bicknell’s Thrush (BITH) and Blackpoll Wasbles (Dendrvica striata, BLP'W)
were selected as focal study species because: 1) Bicknell’s Thrush is testricted to montane forests and
Blackpoll Warbler s a near-obligate resident of this habitat in the Northeast (Atwood et al. 1996, Funt and
Eliason 1999); 2) Bicknell’s Thrush has been ranked as the top conservation priority species in the Northeast
{Rosenberg and Wells 1995); and 3) these two species and other montane forest breeding birds may be good
ecological indicatoss of the health of this vulnerable habitat. Our intensive study sites were located in
Vemmont on Mount Mansfield (44° 32' N, 72° 49'W) and Stratton Mountain (43° 05N, 72° 55"W) at 900-
1200m. The vegetation at both sites is dominated by balsam fir and white bicch (Betwia papyrifera var. cordifolia)
and is described in detail by Wallace (1939). Ouxs study sites encompassed areas extensively altered by ski trail
development as well as unmanaged natural aseas. Focal species nested in both unaltered and altered habitat
on each mountain.

Long-term Popuiation Monitoring-- Twelve sites are annwually surveyed as part of our long-term population
monitoring program (Table 1). At each site, 5 point counts (stations) were established at least 100 m from the
neatest forest edge and 200 m apart. Fach station was cleady marked and labeled with survey flagging and an
aluminum tree tag. Because of park rules in Maine, points were not physically marked but were situated at
sttes with obvious natural markers and described in detail so as to be easily relocated.

Surveys were conducted by VINS staff biologists and volunteers. Voluateer observers were encouraged
to participate in the project if they possessed a high degree of competency in both aural and visual bicd
ideatification, and could make a multi-year commitment. Survey methods consisted of unlimited distance
pomnt counts, based on the approach described by Blondel et al. (1981) and used in Ontario (Welsh 1995).
The count procedure was as follows:

1) Counts began shortly after dawn on days when weather conditions were unlikely to reduce couat
aumbers (i.e., calm winds and very light or 6o rain). Censusing began shortly (<1 min.) after arriving at a
statiort.

2) Observers recorded all birds seen and heard during a 10-min sampling period, which was divided into 3
time intervals: 3, 2, and 5 mins. Observers noted in which time interval each bird was first encountered
and were careful to record individuals only once. To reduce duplicate records, individual birds were
mapped on standardized field cards, and known or presumed movements were noted. Different symbols
were used to record the status of birds encountered (i.e., singing male, pair observed, calling bird, etc.).

3) Each site was sampled twice during the breeding season (except Maine due to remote locations): once
during eady June (ca. 1-15 June) and once dusing late June to eardy July (ca. 16 June-7 July). Observers
were encouraged to space their visits at least 7-10 days apact. For each site visit, all stations were
censused in 2 single moning and in the same sequence.

In preparing the data for population trend and power analyses, we used the higher of the 2 values
recorded for each species as the station estimate for each year. Due to differences in the ability of observers
to census birds, which can result in biased trend estimates (Sauer et al. 1994), only data from the same
observer i consecutive years at the same site were used for trend estimates. To mnprove the comparability of
observations at sites that experienced observer changes, data were divided into subsets corresponding to
different observers. Since trends cannot be calculated from subsets of a single year, data were discarded from
trend analyses if an obsecrver surveyed a site for only one year. Kendall et al. (1996) recommended that count
data from an observer’s first year be removed from trend analyses due to a novice effect, which was shown to
bias Breeding Bird Survey (BBS) trend results. We chose not to eliminate these data for our analyses in order
to avoid further reducing sample sizes. For trend analyses, we used the estimating equations program
(ESTEQN), which was generously provided by the Canadian Wildlife Service and was used to produce trend
analyses for both the Ontario Forest Bud Monitoring Program and the BBS in Canada (Collins 1997). This
program derives an estimate of an overall population trend s a weighted average of the trend seen on
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individual sites. The approach and methods behind this estimation technique are fully descabed n Link and
Sauver (1994).

We conducted power analyses of the data for 4 species over 4 different time pediods using Monitor 6.2
software (Gibbs 1995) specifically designed to estimate the statistical power of population monitoring
programs to detect trends. Because the sample size required for statistical significance can be dramatically
affected by the magnitude of change and the variance pattems of individual species (Welsh 1995), we
calculated power using 4 species with different sample sizes and variability.

Captnre-Mark-Recapture— We used steategically placed mist nets in combination with tape recorded
playbacks of Bicknell's Thrush vocalizations to attempt to captuze and color band Bicknell’s Theushes. Up to
30 mist nets were used simultaneously to passively capture thrushes as a complement to the use of vocal
luges. All passively captured Blackpoll Warbless were color banded. Detaded mensural {e.g, wing chord,
weight, tarsus, culmen) and body condition (e.g, subcutaneous fat, moit, feather wear) data were recorded for
all captured birds. Age and sex were determined using skull ossification, cloacal protuberance and brood
patch (Pyle 1997). We aged Bicknell’s Thrushes by outer recteix shape (Collier and Wallace 1989) and/or the
presence of terminal buffy streaks or spots on any greater coverts (Pyle 1997). Each individual was banded
with 2 numbered aluminum band and three color bands to uniquely identify birds for resighting and
videography. Both species were opportunistically resighted on study plots during the breeding season,
although the secretive nature and occupancy of dense undesstory vegetation by Bicknell’s Thrushes vielded
few resights.

Survivorship was estimated and compared using methods described in Lebreton et al. (1992) and Cooch
and White (1998) using the program MARK (White and Burnham 1999). We defined a candidate model set
that included a fully parameterized global model and all reduced parameter models desived from the global
model for a total of 16 models. Because we used only individuals that were 3 or more vears old (ASY) we did
not test for age differences. However, we did include sex differences in the global model. For our global
model we used sex x time-dependence for both survival and capture estimates. Model notation followed
Lebreton et al. (1992). The factodal structure of the models was represented by subscripting the primary
parameters survivorship (@) and recapture (P) with “g” for sex effects and “t” for time effects. The
goodness-of-fit (GOF) of the global model to the data was determined using a parametric bootstrap approach
testing 1,000 bootstrap samples. We calculated a quasi-likelihood parameter to adjust for overdispersion in
the data by dividing the global model deviance by the mean deviance of the bootstrap GOF samples to
calculate the quast Akatke Information Criteria (QAIC.). The model with the lowest QAIC. was accepted as
the most parsimonious model for the data. Model comparisons within the candidate set were done by
denving an index of plausibility using normalized Akatke weights (Burnham and Anderson 1998). The ratio
between weights of any two models indicates the relative degree to which a particular model is better
supported by the data. To account for uncertainty in model selection we also report mean parameter
estimates and associated standard ecrors from averaging over all models in the candidate set, weighted by
Akaske model weights (Burnham and Anderson 1998, Bertram et al. 2000).

Radio Telenetry. -We placed miniature radio transmitters on Bicknell’s Thrush adults on Stratton (1997-
1999} and Mansfield (1998-1999). We used radio transmitters from two different manufacturess. All
transmitters in 1997 and most (84%) in 1998 were from Wildlife Materials (model SOPB-2012) and weighed
0.9 grams with a battery life of 23 days. Some transmitters iz 1998 (16%) and all in 1999 were made by
Holohil Systems {model BDD-2) and weighed 1.0 grams with 2 battery life of 60 days. In 1997 and 1998 we
attached transmittess to the base of the two central rectrices using dental floss and super giue (Aborm and
Moore 1997). Because of an unacceptable rate of transmitter loss in 1998 and the increased battery life
available to us in 1999, we attached transmitters using a hamess design (Rappole and Tipton 1991). We
detected no obvious effects on behavior of radio-tagged birds (see Powell et al. 1998), but we were unable to
test this directly via time budgets or movements, due to the species’ secretive nature and the dense vegetation
and mgged tercain on our study plots.

We relocated radio-tagged individuals with Wildlife Materials TXR-1000 receivess and 3-clement, hand-
held Yagi antennas using homing or triangulation techniques (White and Garrott 1992). Homing locations



were determumed by identifying vocalizing birds, quietly approaching individuals to pmpoint locations visually,
ot by circling the signal area in small habitat islands while walking the surrounding grassy ski trails. Locations
- were mapped in the field on detalled maps of the study areas, and observers ranked point accuracy on a scale
of 0-3 (0=exact, 1=~10m, 2= ~25m, 3= ~50m radius).

Triangulation data were analyzed using LOAS 1.0 software (Ecological Software Solutions 2000). Field
tests of bearings to transmitters resulted in 2 standard deviation of 200 which we used to estimate point
locations. Transmitter locations with 3 or more bearings were estimated with Maximum Likelihood
Estimator (MLE; Lenth 1981) with a 95% confidence ellipse estimated using chi squared method. We used
best brangulation when MLE failed or there were only 2 bearings. Best biangulation calculates all intra-
bearing angles and selects the bearings whose angles ace closest to 909 and calculates an errot polygon using
our 15° bearing standard deviation (Ecological Software Solutions 2000).

Nest monitoring and prowsioning. -Nests were located by systematic seacches, by following radio tagged
females during mcubation (BITH only), and by observing parental behavior. The chronology and status of all
active nests were monitored every 1 to 4 days by checking nest contents, either directly or cemotely via
binoculass, or by radio telemetry monitoring of females (BITH only). Nest monitoring and vegetation data
collection were generally conducted according to guidelines established by the Breeding Biology Research and
Monitoring Database Program (BBIRD; Martin and Geupel 1993, Martin et al. 1997).

Because most nests were found after the onset of incubation, nest initiation (day first egg was laid) was
calculated from known changes in nesting period (hatching or fledging), assuming one egg per day was laid,
and from average values for incubation and fledging periods. When a nest fafled dusing incubation, we
calculated the fisst day of incubation as: date found - ([incubation period — observation days]/2). Nests that
fledged at least one young were considered successful.

We evaluated nest success of Bicknell’s Thrush and Blackpoll Warbler using Mayfield estimates (Mayfield
1961, 1975) as modified by Johnson (1979) and Hensler and Nichols (1981). Half the number of days
between subsequent visits over which a nest was depredated was added to the number of previous days the
nest survived to obtain the total number of days the nest survived. We excluded all nests whose status was
unknown or undetemmined, as well as any nests that we felt may have faded due to research activities. We
compared survival probabilities between years and between ski areas and natural areas using CONTRAST
(Sauer and Williams 1989). We have not yet calculated Mayfield estimates for additional species monitored.

In 1997 we constructed crude blinds at six Bicknell’s Thrush nests to observe adult feeders for a total of
574 hours. We did not use these data for chick provisioning analyses because it appeared that some adult
behavior was compromised by our presence in the blinds. In 1998 and 1999, nests were videotaped during
the nesding stage using a Sony CCD-TR516 Hi-8 Handycam. The camera was mounted on a tripod or a
nearby treetop 3-5 m from the nest and usually concealed with camouflage mesh. We taped 96 sessions {one
session = 2-4 houss) for a total of 288.8 hours of video tape at 21 nests. Recordings were transferred to VHS
video tapes and reviewed on a Seay SLV-679HF video cassette recorder. All tapes were analyzed by one
observer (Marc Pickering) who identified adules feeding chicks by observing one or more of the following
unique characterstics: coloced leg bands, radio transmitter antenna (e.g,, if only female had transmitter),
unique breast spot pattesns, or a behavioral action displayed only by females (e.g, brooding or puffing of
breast feathers on the nest rim). A nest was considered to have only one male provisioning if we obtained >6
hours of video tape and < 20% of visits were of unidentified individuals {Table 18). We chose 6 hours
because we were able to detect >90% of all provisioning males and 100% of females within that period (Fig.
1). Additionally, we used mist net captures of males in nets placed within 5m of a nest while adults were
actively feeding chicks (7= 4 males identified), opportunistic visual observations at the nest (#=2), and
observations of fledged chicks shortly after they left the nest (z= 2).

‘The quality of each recording session was ranked by the reviewer {1=poor, 2=good, 3=excellent).
Because poor quality tapes contained many unidentified visits, only quality 2 and 3 tapes (71.9% of tape
hours) with >0 total houss of video tape containing < 20% unidentified adult visits were used for chick
provisioning analyses (z = 10 nests).

We used the raw feeding rate (total number of trips) to compare among individual males and between total
male provisioning rates and female provisioning rates within each brood. To compare each male’s and



female’s overall provisioning rates to those of individuals at other broods, we combined multiple observation
samples on each brood. We controlled for variations in brood size, the complex relationship between
nestling age and provisioning, and the uneven number of observation days and houss at each brood.
Following Westneat (1995}, among each sex we separately calculated the deviation of each adult’s
provisioning rate (number of trips /hour/chick) from the mean provisioning rate for each day of brood age
(day 1 = day first egg hatched) using both yeass of video data. We used the mean deviations for each adult at
each brood over all days as the index of provisioning for that nest relative to that of other adults in the
population. Negative scores indicated lower than average provisioning rates and positive scorces indicated
rates above the population mean. We observed some individuals in more than one year of the study and at
multiple nests each year. However we considered each brood to be an independent event.

We collected nest site and habitat data using Breeding Biology Research & Monitoring Database (BBIRD)
protocol for all Bicknell’s Thrush, Swainson’s Theush (Catharus wstulatns) and Blackpoll Warbler nests a5 well
as for some nest sites of other species (Mastin et al. 1997). Nest habitat charactedistics were measured after
the termination of nesting. We measured over 50 variables at each nest site. Using nest data through 1997,
we attempted to identify vegetation parameters at both the nest-site (5m radius) and nest-patch (11.3m radius)
that characterize Bicknell’s Thrush nesting habitat. To do this we used stepwise discriminant function
analysis {DFA) with the following 22 variables derived from field data:

A) ground cover ocular estmate in 5o radius:
1)shrubs <50cm tall
2ferns
3ymaoss
4} grasses and sedges
5)forbs
6)bare ground
T)leaf litter
8)downed logs
B) number of woody stems >50cm tall and <8cm diameter at 10cm above ground in 5m radius:
9)standing dead stems
10)  conifess
11y  whrte biech
12)  mountain ash
13)  all other deciduous species
14} mean litter depth
15) mean top canopy height
Cy small bive stems (8-23cm DBH) i 11.3m radius:
16)  conifers :
17y white buch
D) lacge live stems (>23cm DBH) in 11.3m radaus:
18} conifers
19y white birch
E) total live tree stems >8cm in 11.3m radius:
20)  mountain ash
21y  all other dectduous species
22)  all standing dead trees >12cm DBH

Arcsme and logarithmic trans formations wete performed to normalize the percentage and non-percentage
data, respectively. We compared the microhabitat data at nest sites with three different null data sets from
the same montane fir forest used by Bicknell’s Theush {non-use sites >35m from each Bicknell’s Thrush nest
i random direction but on same contour, nest sites of ull other species, and Swainson’s Thrush nest sites).
Original vaniables selected by DFA were correlated with the discriminant function to examine their
importance. We have not yet analyzed nest habitat features for Blackpoll Warbier.



Arlificial nest predatipn.- We conducted nest experiments on both Mt. Mans field and Stratton Mouatain in
1997 and 1998 to detesmine the relative effects of a vasiety of human disturbances upon open-cup songbird
nesting. Arttficral nests were made of wicker and were similac in size to natucal Bicknell’s Thrush nests.
Nests were left exposed outside for atleast 2 weeks before use. We wore gloves and rubber boots while
handling and deploying nests and eggs. Each nest was supplied with two Bobwhite (Cosnus virgianus) eggs.
To attempt to wlentify predators, m 1998 we added one clay egg similar in size to a Bicknell’s Thrush egg. We
wired it to the nest bottom so that predators would be more likely to leave it after handling, Each basket was
placed in a situation that closely approximated actual Bicknell’s Thrush nest locations.

In 1997 we deployed 200 nests on each mountain, with 50 nests spaced at least 25m apart in each of 4
treatments, which included: 1) hiking teail edge, 2} ski trail edges adjacent to contiguous forest, 3) edges of
forest islands surrounded by ski trails, and 4) natural, relatively undisturbed large forest tracts. In 1998 we
placed 250 artificial nests on each mountain, divided equally between the four treatments used in 1997 and an
additional treatment of interior areas of large forest islands surrounded by ski trails. Nests wese exposed first
on Stratton Mountain in mid-June, then on Mt. Mansfield duning late June. Rigorous statistical analyses have
yet to be completed for these trials.

In 1997 and 1998 we were unable to deploy automatic cameras at artificial nests due to funding
constraints. In 1999 we attempted to use four sets of automatic 35mm camerss attached to Trail Mastes
active mfrared monitors to determine the identity of predators visiting nests. The infrared beam passed over
a natural Bicknell’s Thrush nest collected the prior year with 2 clutch of two House Sparrow (Passer domesticus)

CEES.

Paternity analysis~ (Genetic analyses are being completed by James Goetz for partial fulfillment of a Mastess
of Science degree in Dr. Therese Donovan's laboratory at SUNY College of Environmental Science and
Forestry in Syracuse, New York. DNA was extracted from each blood sample (Chomczynski et al. 1997))
and analyzed using 6 polymorphic microsatellite primess from Swainson’s Thrush (T4, T5, T10, T28, T32).
For each microsatellite primer set 50 ng of DINA was used in a polymerase chain reaction amplification with
forward and reverse primers for a particular locus, one of which is end-labeled with a radioisotope (P-33).
The radioactive product is electrcophoresed on a polyacrylamide sequencing gel. The radioactive gel is used to
expose x-ray film. Using clones of known size as a reference, bands on the developed film are used to
visually score allele sizes (L. Gibbs, pers. comm.). The allele scores are used to determine paternity through
likelthood-based parentage inference using co-dominant marker data with CERVUS 1.0 software (Marshall et
al. 1998).

Home range location, sige and movements of Bicknell’s Thrush. —Breeding season home ranges were defined as the
area used by an individual from 1 June to 31 July each season. We determined home range size and location
using the non-parametric kemel method (Worton 1989) calculated with ArcView 3.2 (Environmental Systems
Research Institute, Inc.) and Animal Movement Analyst 2.04 (Hooge and Eichenlaub 1997). We used a fixed
kernel with the smoothing factor determined by least-squares cross-vatidation (Seaman and Powell 1996,
Seaman et al. 1999). We calculated both the 95% (area the bird actually used) and 50% contours (core asea of
activity) for individuals with 2 minimum of 30 locations (Seaman et al. 1999). We used only those locations
that were more than 5 min apart based on the general rule that locations # and £ can be considered
mdependent if the period between them is sufficient to allow the individual to move from one end of its
home range to the other (White and Garrot 1990). Field experience suggested that thrushes could fly from
one end to the other in much less time. Locations of individuals known to be on the nest (e.g., brooding
females) wese excluded.

Home runge overlgp. —\We calculated a static home range interaction of neighboring thrushes from the kemel
home range (KHR) using the following equations (White and Garrot 1990): Si2 = A2/ A and Sz =
A2/ A where Ay and 4z age the total KHR areas of thrush 1 and 2, 4;2 is the area of ovedap, yielding the
propoction of animal 1’s nome range ovedapped by animal 2 (512) and the proportion of animal 2’s home
range overlapped by animal 1 ($21). This statistic s kimited in that it does not imply any mumal awareness



among the tracked thrushes, however a more tigorous dynamic interaction statistic in which individuals are
tracked simultaneously was not possible due to logistic and environmental constraints.

RESULTS AND DISCUSSION

Baseline poputation monitoring.- We have established point count routes on 10 mountains in Vermont, 3
mountains in Mamne and 1 mountain in Massachusetts (Table 1). Eleven of these sites {69%) have been
adopted by experienced volunteer birders for long-term monitoring. The remaining five sites are completed
each year by VINS staff. We are currently finishing data entry and error checks and will have statistical power
estimates and preliminary short term trend results by 31 December 2000. Exploratory power analysis will
enable us to idenufy the number of point count routes necessary to detect population trends over various
time periods.

Additionally, we have obtained startup funding from USFWS Region 5 to begin a landscape level citizen
science monitoring project in the Green Mountains. Dubbed Mountain Birdwatch, this project will begin in
June of 2000. The aim of the project is to use as many volunteers as possible, regardless of their birding
expertise. We chose to monitor 5 bird species (Bicknell’s Thrush, Blackpoll Wasbier, Swainson’s Thrush,
Winter Wren [Troglodyter tmglodytes], White throated Spartow [Zonotrichia albicollisfyand 1 mammalian nest
predator (Red Squirrel [Tamiasciurus hudsonicus)). A full project description and registration can be found on
VINS web site: http:/ /www.vinsweb.org/ conservation/citizenscience /mtabirdwatch.himl,

Survivorship and recruitment.- We captured and marked a total of 48 ASY females and 91 ASY males on 4
mtensive study plots from 1992-98 (Tables 2 and 3). On the Mount Mansfield study plots we captured 21
females and 43 males from 1992-98 on MANS, 13 females and 21 males from 1995-98 on RABR. Because
the OCTA study plot on Mt. Mansfield has only been used for 2 years, we were unable to analyze those data.
On the Stratton Mountain study plots we captured 2 females and 11 males on STRA and 12 fermales and 16
males on STRB from 1997-98.

‘The data for the MANS plot adequately fit the global model {®gn P} (P>0.093). We adjusted for
overdispersion i the data using 1.7332. The most pasimonious model in the candidate model set was no
sex or time dependence for either parameter (Table 4). This model was nearly 2.7 times better supported by
the data than a model for which adult survivorship varied by sex (0.49438/0.18573 = 2.67) and over 2.7 times
better supported than a model where capture probabdity varied by sex (0.49438/0.18206 = 2.72).
Survivorship was estimated to be 54.7% (+ 6.5% SE), with parameter estimates averaged over all the models
in the candidate set ranging from 54% to 55.8% (Table 5).

The RABR plot data adequately fit the global model {®g« Pp} (P>0.13). We adjusted for
overdispersion in the data using 1.38572. The most parsimonious model in the candidate model set showed
no sex or time dependence for survivorship, but sex dependence for capture (Table 6). This model was over
2.5 times better supported by the data than a model for which for which both parameters varied by sex
(0.45579/0.17885 = 2.55), and it was over 2.6 times better supported than 2 model where neither parameter
varied by sex or time (0.45579/0.16987 = 2.68). Survivosship was estimated to be 74.8% (+ 8.6% SE), with
parameter estimates averaged over all the models in the candidate set ranging from 71.9% to 79.1% (Table 7).

The STRB plot data adequately fit the global model {®gre Por} (P>0.78). We adjusted for overdispersion
in the data using 245. The most parsimonious model in the candidate model set had no sex or time
dependence for ether parameter {Tabie 8). FHowever, this model was only slightly better supported by the
data than three models in which parameters varied by time (0.15875/0.14451 = 1.1), making model selection
difficult. Survivorship was estimated o be 73.9% (+ 10.1% SE), with suevivorship estimates averaged over
all the models in the candidate set ranging from 75.6% to 88.3% (Table 9).

The data for the STRA plot adequately fit the global model {@y Ppe} (P>0.35). We adjusted for
overdispession in the data using 1.0683. The most parsimonious model in the candidate model set was no
sex or time dependence for either parameter (Table 10). This model was over 3 times better supported by the
data than a model for which adult survivorship vasied by sex (0.38975/0.12527 = 3.11) and a model where
capture probability varied by time (0.38975/0.11256 = 3.46). Survivosship was estimated to be 94.6% (+



28.4% SE}, with parameter estimates avetaged over all the models in the candidate set ranging from 86.1% to
9% (Lable 11). The data from STRA are sparse in both time and individual capture histories, producmg
very imprecise parameter estimates.

We compared the survivosship of ASY Bicknell’s Thrush on STRA (natural area) with STRB (ki agea) to
begin to explore if adult survivorship may be compromised on unpacted areas. The data adequately fit the
giobal model{Dy Pe} (P>0.23). We adjusted for overdispersion in the data using 1.5135. The most
parsimonious model in the candidate model set was no plot or time dependence for either sutvivorship ot
recapture probabilities. Survivosship was estimated to be 80.7% (+ 0.12) and recapture was 86.7% (£0.13).
This model was 2.9 times better supported than the model were survivosship was group dependent
(0.12079/0.04408 = 2.9). Additionally, a likelihood ratio test between the reduced model {®. P.}and the
more general model {Pg P.} was not significant (x2=2.451, df = 1, P=0.1175).

Our intensive mark-recapture study provides the first meaningful estimates of adult Bicknell’s Thrush
survival. The precision of the estimates are poor on Stratton Mountain because of the scant data in both time
and individual capture histories (i.e., recapture probabilities are very high over a short period). As ous mark-
recaptuse studies continue, the parameter estimates on each plot will become more robust and modeling will
become more sophisticated, including covariables such as age class.

Bicknell’s Thrush recruitment, ie., the number of second year (SY) birds captured each breeding season,
was weakly correlated to the previous season’s productivity on each mountain. A Pearson correlation of all
plots and years yielded no relationship (Bartlett Chi-square statistic: 0.008 df=1 P= 0.929). However, one
vear on RABR plot was an extreme outlier (1996, 7 SY birds, 0.846 daily nest survival). When we removed
this cutlier the data were much more strongly correlated (Bactlett Chi-square statistic: 3.892 df=1 P= 0.049).
We are currently analyzing Blackpoll Warbler recruitment data.

Nesteng paramelers and habutat selection.~- To our knowledge, there have been only 13 carefully monitored
Bicknell’s Thrush nests (Wallace 1939) prior to our study. To adequately assess this species’ conservation
status, we believe that a full undesstanding of its breeding ecology and nesting biology is necessary.

Nest bullding commences in eady June, with the easdiest confirmed date on 1 June 1998, when several
pieces of moss were found loosely woven into a circular pattemn. Clutch initiation begins shortly thereafter
and clutch sizes ranged from 2 (2% of all nests), to 3 (51% of nests), to 4 (47% of nests) eggs. Breeding
synchrony peaked during weeks 24 and 25 in each year and declined rapidly thereafter, with 4 mean of 27 (-
4.6 SD) days between first and last clutch inttiation attempts on Massfield and 27.3 (= 7.8 SD) days on
Stratton. Eggs hatched after 11.6 (£ 1.4 SD) days of incubation (» = 34 nests), and young fledged 11.6 (* 1.1
SD) days after hatching (» = 41 nests). By 15 July, 71% of broods had fledged. Bicknell’s Thrush are single
brooded, but may re-nest after early season failutes (21% of failed females were knowan to te-nest, but the
actual proportion was likely higher). Clutch size was 2 or 3 eggs in all re-nesting attempts.

Preliminary data analysis indicates that habitat at Bicknell’s Thrush nest sites was characterized as young
to mid-successional or chronically disturbed montane forest (Table 12), suggesting that Bicknell’s Thrush may
be 2 natural disturbance specialist. Disturbances in the montane forest can be both frequent but episodic, o
chronic. Areas that receive chronic disturbance include ridgelines exposed to severe weather events and dme
ice, both of which often damage trees and slow growth, creating 2 2-3m tall krummholtz type forest. Natural
disturbances on side slopes include insect damage, debris slides, and fir waves (Marchand 1984, Reiners and
Lang 1979, Sprugel 1976). Additionally, anthropogenic disturbances such as ski trail development and
maintenance, roads, and hiking tratls often mimic natural disturbances. Some disturbed conditions on ski
arcas can persist for long periods because the trees are exposed to chronic wind damage on some edges
(Harrington 1986, Rizzo and Harrington 1988). On the Stratton Mountain ski atea plot, most Bicknell’s
Thrush nests were situated along trail edges (mean distance 7.5 m * 6.6 SD from edge). Only 2 nests were >
20 m from the edge. It should be noted that these nest locations were not biased by search effort because
they were found by capturing a female and finding her nest with radio telemetry.

Bicknell’s and Swainson’s thrushes selected different nest site habitats (Table 12). Swainson’s Thrush
nest sites were located in areas of more mature trees characterized by lower stem densities, lacger and taller
trees, and more openings with fems and grasses /sedges. Future data analyses will incorporate all our nest



data and will include comparisons of successful nests verses depredated nests, and nest position parameters
{¢.g., concealment, distance from edge, height of nest).

Like Bicknell’s Thrush, Blackpoll Warbler has been remarkably undesstudied (Hunt and Eliason 1999).
We age currendy examining nesting parameters and habitat selection for 150 monitored nests of this species.
We monitoted an additional 241 nests of 18 species (Table 21). We will be examining these nests to
determine if there is a relationship between ski trail proximity and nest success.

Productivity.-- Probability of nesting success for Bicknell’s Thrush varied between 1.1% and 83.9% (Table 13),
and for Blackpoll Warbler 5.7% to 79.6% (Table 14). Nest success was steikingly biennial. Field obsecvations
indicated to us that large fall cone masts resulted in high Red Squirrel populations on both Mans field and
Stratton the following spring. We reviewed cone production data from a demographic study of balsam fir on
Whiteface Mtn. in New York and were struck by this same biennial pattern (M.E. Dodd, pess. com.). We
obrained cone estimates for Mt. Mansfield using field notes and photographs, and we ranked each year’s cone
mast as high, medium or low. A corresponding biennial pattern emerged (Fig, 2). We then compared
Blackpoll Warbler and Bicknell’s Thoush Mayfield estimates with cone mast data (Fig, 2). Bicknell’s Thrush
correlated highly with mast data (Spearman correlation = -0.866), but Blackpoll Warbler was much weaker
{Spearman correlation = -0.289). These data, while intriguing, require fucther analysis to more fully
understand the complex ecological relationship between cone mast, predator populations and avian nesting
success.

We monitored 19 Bicknell’s Thrush nests and 38 Blackpoll nests on natural area plots and 38 Bicknell’s
Thrush nests and 19 Blackpoll nests on ski area plots (Table 14). The overall daily survival rate of Bicknell’s
Thrush nests on ski areas verses natural areas was not significantly different (2=0.4429, df=1, P=0.51), nor
was Blackpoll Warbler (x#=0.0496, df=1, P=0.82).

Arigficial nest predation.-- Although we have not fully analyzed data from these experiments, results of the trials
appeas to be mconclusive (Table 15). Patterns of depredation on both mountains led us to suspect that some
teap-lining, in which a predator systematically destroys nests placed at regular intervals, occurred.

The automatic camera setup attempted in 1999 was not useful in this habitat because of the extreme
difficulty in obtaining line-of-sight across a hidden nest in dense vegetation, combined with wind moving
branches and trees into the narrow sight line. A more effective method may involve automatic cameras with
a solenoid switch directly attached to an egg in the nest.

We thus have litde confidence in the validity of these results, and we do not believe that they can be
meanmngfully interpreted. We further believe that data collected at real nests give much more robust and
refatively unbiased information, and we do not plan to experiment furthier with artificial nests as a means to
evaluate differences in avian nesting success among disturbed and undisturbed areas.

Bicknell's Thrush Home Range.-- We have digitized and begun to analyze radio telemetry data for Stratton
Mountain. Radio telemetry data on Mt. Mansfield are entered and triangulation calculations are underway. In
1997 we employed radio telemetry to investigate how thrushes move through the ski trail-forest island
complex, and to assess their reactions to recreational activities. We quickly discovered that male thrushes
were not holding small, discrete territories, as is generally assumed for most Nearctic-Neotropical migrants,
but instead broadly ovedapped (Table 16). We frequently detected several males singing and caling from the
same area within a single hour. The areas of high ovedap generally coincided with nest site locations.
However, unlike the Dunnock (Prunella modularis), males do not defend exclusive areas that encompass more
than one female (Davies 1992}, but appear to behave more like male Smith’s Longspuss (Calearius pictus),
which defend small areas around the female (Briskie 1992). Bicknell’s Thrush females tend to occupy home
ranges with little or no ovedap, and these are much smaller than male home ranges (Table 17). Qur field
observattons suggested that females aggressively protect territories, especially during the brief period of
mating and egg laying. Further analyses of our radio telemetry data should better clucidate the dispession
patterns and movements of Bicknell’s Thrush, particulady in telation to its complex mating system (below).
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Bicknell's Thrush mating system.—- We monitored a total of 27 nests in 1997-99 to determine the number of male
feeders at each. Of the 21 nests that provided adequate data, 1 (70%) were attended by two provisioning
males (Table 18). Four (20%) nests were provisioned by a single male, while one nest was attended by 3
males and another nest by 4 males (Table 18). Oaly three nests were attended by second-year (SY) males
(one each at FORE9.1, OCTA99.2, and STRBY7.1) and only three nesting females were SY birds
(FORE99.1, RABR99.4 and STRBY8.3).

Four males were documented to provision more than one nest duding a single breeding season, and three
of these mdividuals simultaneously fed two broods. The nests were located 186-443m apart. In one case a
male shared provisioning at a nest {OCTA99.5) until the young fledged, then began to provision
simultaneously at another nest 443m away (OCTA99.6) when it hatched (Fig. 3). He left the care of the
fledglings from the first nest to the other male for at least the first day. He fed the nestlings in the second
nest at nearly the same rate as both of them combined at the first nest (Fig.3).

We documented three instances of males provisioning young at nests of the same female in successive
years. Nests were located 45m (STRB97.4 and 98.8), 56m (OCTAY98.1 and 99.6) and 115 m RABRY7.4 and
98.2) apart, respectively. Atnest OCTA98.1 the male shared provisioning with one other bied, making only
26% of the total male feeding trips. In the following year at OCT'A99.6, he was the lone provisioning male
and fed at nearly the same rate as the female (Table 18).

Of the 21 video taped nests, ten nests from Mt. Mansfield were sufficiently taped to enable chick
provisioning analyses {I'able 18). Each nest was recorded for 6-48 hes with a total of 180.4 hrs of quality 2
and 3 video tape. Four of these nests had one provisioning male and six had 22 males (» = 4 with 2 males, »
= 2 with 3 or 4 males).

In seven cases fernales were found to provision at slightly higher rates than the combined male rate (I'ig.
2). However, this difference was not significant (Wilcoxon signed ranks test; Z= -0.969, P=0.33). Females
provisioned more at all four nests with a single male and at half of the nests with =2 males, but not
significantly so in either case (Wilcoxon signed ranks test with one male: Z= -1.841, P=0.066; with =2 males,
Z=0.105,P=0.9). Ouly at the four male nest did the female provision at 2 much lower rate than the males.
Three of the six multiple male nests were attended by a male that provisioned at a significantly higher rate
than the other males (Fig. 4).

We examined the relationships between the number of males at each nest and the relative provisioning
rates of each individual (Fig. 52). The highest relative provisioning rates were shown by males at 2-male
nests. However, these rates did not significantly differ from those of males at single male, 3-male or 4-male
nests (Kruskal-Wallis /=7 217, df=3, P=0.065). Likewise, individual female relative provisioning rates did
not differ between single male nests and multiple male nests (U-test =9.5, df=1, P=0.59). We found no
difference n total relative male provisioning rates between single male nests and 22-male nests (U-test=19,
df=1, P=0.13) nor in total relative provisioning rates by both sexes (U-test =13, df=1, P=0.83; Fig. 5b).

We compared nesting success of single male nests (#=4) with multiple male nests (»=17; Table 18) and
found no significant differences. At single male nests median clutch size was 3 eggs verses 3.5 for multiple
male nests (U-test=24, df=1, P=0.38). The medin number of eggs hatching was 3.0 for both groups, and
the median number of fledglings was 2.5 for single male nests and 3.0 for multiple male nests (U-test=23.5,
df=1, P=0.4). Larger sample sizes in the future will enable us to more fully explore these differences and
calculate Mayfield nest success esttmates for each pertod of the nesting cycle.

We collected blood samples from adults {(n=23) and four clutches on Stratton Mountain in 1998, In all
four cases paternity was mixed and matemity was unique (Table 19). Unfortunately, none of these nests were
sufficiently monitored to correlate patemity results with male visitation and feeding rates. However, at 3 of
the nests we documented at least one visit by a male that had no patemal relationship with any of the young
(Table 19). We are currentdy analyzing blood samples from 8 clutches collected on Mt. Mansfield and 2
clutches Stratton Mountain n 1999. Most of these nests were well-monitored by videography and wil allow
us to compare patemity and feeding visits. Additionally, we are analyzing the sex ratio of each clutch to
investigate possible correlations between sex ratio at hatching and the male-biased sex ratio that we have
found among adults (see below).

It has been suggested that this type of mating system may be caused by a skewed sex ratio (Davies 1992,
Ridpath 1972). Because our capture-mark-recapture sampling employed both active and passive mist netting,
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which may have caused differeatial capture probabilities for males and females, estimating sex ratios of
populations was not straightforward. To determine if a bias existed, we estimated adult male and female
recapture rates from MANS, RABR, and STRB (STRA was not used because of sparse data) and compared
them using methods descabed in Lebreton et al. (1992) and Cooch and White (1999), using the program
MARK. {White and Burnham 1999). As descrbed above (see Survivorship and recrustmeni), for both MANS and
STRB the most parsimonious model did not show sex or time effects for capture probabilities. However, the
most parsimonious model for RABR did show a sex effect for capture probabikities. Additionally, a
likelthood ratio test (LRT) between the general model {®. P;}and the reduced model {®. P.} was significant
(3=5.902, df = 1, P=0.0151), indicating 2 better fit of the general model. Because these does not appear to
be a sex bias in capture probabilities for MANS (LRT: »#= 0.204, df=1, P=0.6515) or for STRB (LRT: x=
0.000, df=1, P>0.9), we used the annual male:female ratio from breeding season captures on these two plots
as an estimate of the sex ratio. The overall mean male : female ratio was 1.9 (SD10.44) with an annual range
of 1.4 to 2.8. We are exploring possible causes for this biased sex ratio, which include sexual habitat
segregation on the wintering grounds that might lead to differential overwinter survivosship, or sex bias in
mdividual clutches.

‘The mating system of Bicknell’s Thrush appears to be very unusual. About 2.5% of bird species are
known to breed in groups, where three or more individuals cooperate to mise a brood (Brown 1987, Stacey
and Koenig 1990). Many of these consist of 2 monogamous breeding pair with # helpers who are collateral
kint of the brood (Browan 1987, Hartley and Davies 1994, Stacey and Koenig 1990). However, some species’
mating associations consist of >1 males that both mate and at least potentially fertilize a female and cooperate
in provisioning her single brood. This has been described for at least thirteen species representing ten
families (Table 20).

This breeding system has generally been termed cooperative polyandsry (Faaborg et al. 1980, Faaborg and
Patterson 1981), however these species exhibit a diverse array of underdying mechanisms and strategies. In
Dunnocks, for example, female promiscuity leads to a variable mating system because dense habitat cover
makes it difficult for males to monopolize females, and small prey sizes make more male help valuable for
chick provisioning (Davies 1992). Unlike Dunnocks, Smith’s Longspur males do not defend individual
territories, but are described as female-defense polygynandry (Buskie 1992). This system may be due to low
food availability when females arrive and begin egg laying, which causes them to range widely. Coupled with
a very short breeding season, this creates conditions where males may be unable to economically defend large
territogies. Similady, the cooperative polygynandrous mating system of Alpine Accentors is thought to be due
to widely dispersed and patchy food resources combined with asynchrony in female breeding (Davies et al.
1995). However, unlike Smith’s Longspuss, male accentors jointly defend a large group home range.
Increased survival and enbanced life time reproductive success may drive the formation of cooperative
groups of Acorn Woodpeckers and Galapagos Hawks (Koenig and Mumme 1987, Faaborg et al. 1980).

Some of these species exhibit a variable mating system that may include monogamy, polygyny, polyandry,
and polygynandry within the same population (Davies 1992, Faaborg et al. 1995, Goldizen et al. 1998, Koenig
and Mumme 1987). Stacey (1982) suggested that mating systems of group-living species occupy a continuum
from functional monogamy to complete female promiscuity, in which all males copulate freely and equally
with the female. His model suggests that when female promiscuity is beneficial, male-male competition to
mcrease individual reproductive success via monopolization of female(s) will balance with male-male
cooperation for survival of young.

Wallace (1939) first detailed the natural history of Bicknell’s Theush (Catharus bicknels) and described two
males provisioning young at one nest. He considered the second male to be “extra” and apparendy assigned
little importance to his keen observation. We confirmed his finding through observations of a color banded
population in 1997 and initiated an intensive study of this species” mating system in 1998. We believe that
Bicknell’s Thrush mating system is best described as cooperative polyandry/polygynandry, because multiple
males breed with each female and cooperate in nestling provisioning, occasionally with multiple fermales.

Management and conservation implications.-- Pending full analysis of our existing data, and compilation of more
robust data for many aspects of this research, it is premature 1o provide definitive management
recommendations. However, we have worked closely with several ski areas and with the Vemmont Fish and



Wildlife Department to provide preliminacy guidelines for ski area land managers (Appendix A) and to
address several site-specific management ssues. We developed a mitigation plan with Steatton Mouatain for
an area of new lift construction in 1999, setting aside for reforestation an area of developed trails equal in size
to an area that was removed by construction activities. This exchange also secved to connect several small
islands of habitat, enhancing their collective value to Bicknell’s Thrush and other species. We will continue to
develop management guidelines as our data analyses and experience warrant, and to provide advice when
requested. A detaded, rangewide conservation assessment and management plaa is in the early stages of
preparation, but will require additional field data collection and analysis.

Information disserninaizon and education.-- We worked with Stratton Mountain to develop an educational facity on
the mountaintop in 1999. This facility features a display on Bicknell’s Thrush and other montane forest birds,
similar to a display we helped to create at the visitors center on Mt. Mansfield in 1994, We regularly
disseminated project information during the summer through informal discussions with hikers, birders, other
recreationssts, and summer camp groups. Our reseacch was filmed by the Discovery Channel’s Apimal Planet
“All Bud TV” program and aired on 4 and 5 December 1998. We also presented several public slide lectures
to local bird and outdoor clubs. We presented a poster paper tiled “Home range overlap and movements by
male Bicknell’s Thrushes during the breeding pesiod: implications for spot-mapping” at the Association of
Field Ornithologists annual meeting in October of 1998. We also organized a scientific paper session, tided
“Ecology and Conservation of Bicknell’s Theush” at the 117% Stated Meeting of the American Ormithologists’
Union i August of 1999, C. Rimmer chaired the session, and project staff contributed 3 papers. We are
currently preparing or planning at least 10 scientific papers for submuission to refereed professional jousnals,
ncluding the Bicknell’s Thrush Birds of North America account, which will be completed in October of
2000. We participated in meetings of the U.S.-Canada Bicknell’s Thrush Study Group during September of
1998 i Montreal; May of 1999 in Woodstock; and August of 1999 in Ithaca, NY. This group has an
informational web page on Bicknell’s Thrush (http:/ /www.ns.ec.ge.ca/wildlife/bickoells_thrush/) in both
English and French, with plans for a future Spanish translation. We actively participated in the Partaess In
Flight Northeast Regional Steering Committee, and we arte helping to develop the montane forest habitat
sections of 3 physiographic area conservation plans by providing scientific expertise, data and review. The
preliminary plans can be reviewed at http://www parmessinflight. org/pifbcps.htm.

Futnre study plans.-- In 2000 we wil continue intensive studies on the Mt. Mansfield RABR and OCTA plots
and on Stratton Mountain’s STRA and STRB plots. We will suspend research on Mt Mans field’s MANS
plot, due to logistical and funding difficulties. Intensive data collection will include: 1) continued captuge-
mark-recapture of Bicknell’s Thrush and Blackpoll Warbler; 2) nest monitoring of all species, with nest
finding for Bicknell’s arded by radio tagging females; 3) cone mast and Red Squirrel population monitoring;
and 4) a final year of blood sampling and nest videography of Bicknell’s Thrush for mating system studies.
We will also sample blood and secondary feathess from Bicknell’s Thrush, Blackpoll Warbler, Myrtle Warbler
(Dendroica coronata), and White-throated Spatrow (Zonotrichia albicollis) at several sites in the Northeast to
examme mercury body burdens. Finally, we will launch our “Mountain Bicdwatch” citizen science project for
long term. population trend monitoring,

Several components of our 8-year data base have not yet been adequately analyzed or published. This
will be a top priogity in 2000/2001. We will complete the Birds of North America account during fall 2000
and at least 4 other major peer-teviewed publications by late winter 2001, plus several other shorter papers.
We will also begin a comprehensive conservation assessment and management plan for Bicknelt’s Thrush,
using our data from the breeding and wintering grounds, incorporating an extensive data set on migration
from banding and museum specimen records, and including data and input from our colleagues in Canada.
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Table 3. Reduced m-array of Bicknell’s Thrush females marked and recaptured on two study plots on Mt. Maos field (MANS and
RABR) and Stratton Mea. (STRA and STRB). R; is number of marked individuals released in year { i), both newly macked and
previously marked individuals. For example, in 1993 fifteen marked thrushes were captured and released. Four of these were newly
marked, one was previously marked (4+1=5 total). Annual values are the number from a given release cohort first captured in that
year, including new and previously macked individuals. gis the total number of individuals from a release cohort captured at least
once. m; 15 the total number of recaptures in a given year.

Location | Year | Ry 1993 1 1994 [ 1995 | 1996 | 1997 | 1998 | 1999 |

MANS 1992 1 3 1 1 0 0 0 0 0 2
1993 15 2 0 0 0 0 0 2
1994 15 1 1 0 0 0 2
1995 | 8 5 0 0 0 5
1996 16 4 (G 0 4
1997 7 1 0 1
1998 | 1 1 1
m; 1 3 1 3 4 1 1

RABR 1995 | 2 1 0 0 0 1
1996 | 5 0 1 1 2
1997 | 3 1 1 2
1998 |5 1 1
11 1 G 2 3

STRA 1997 11 0 1 1
1998 | 1 1 1
434 0 2

STRB 1997 7 5 0 )
1998 | 10 7 7
m; 5 7




Table 6. Summary of model testing for Bicknell’s Thrushes banded as ASY adults on RABR plot, Mt Mansfield, Vermont, 1995.99,
Models sorted by QAIC, values with the most parsimonious model at the top.

Model QAIC. | AQAIC: | QAIC np | Deviance
wieght

{D. P} 70.317 01 045579 3 33.808
(D, P} 72.188 1.87 | 017885 | 4 33.083
{@. P} 72291 1.97 | 0.16987 2 39.71
{D, P} 74.193 3.88 | 0.06563 3 39.179
{® P} 74.289 3.97 1 0.06255 6 28.862
{D. P} 76.104 5791 0.02524 5 35.03
{D. P} 76.168 5851 0.02445 5 35119
{ D P} 77.98 7.66 | 0.00988 6 33.976
(PP 79.573 9.26 | 0.00446 7 32343
{D. Peud 81.041 10.72 | 0.00214 9 26072
{Dg P} 84.006 13.69 | 0.00049 10 25.683
{Dgre P} 85465 1515 | 0.00023 | 10 27704
{ D Pae} 85.638 1532 | 0.00021 11 23.188
{Ogc P} 85.962 1565 | 0.00018 | 9 32.801
{De P} 90.204 19.89 | 0.00002 11 29.515
{ O Peri} 96.648 2635 | 0.00000 | 14 22396

Table 7. Susvivorship estimates for Bicknell's Thrushes banded as ASY adults on RABR plot, M. Mans field, Vermont, 1995-99. First
estimate s most parsimonious model followed by mean estimates for all 16 models due to some uncertainty in model selection.

Model or mean of | © (£SE) O 95% Confidence Interval
all models for fower upper
each year

{®. P} 0.7481 (0.0858) 0.5489 0.8788
1996 males 0.7488 (0.1493) 0.3364 0.946
1997 males 0.7560 (0.1411) 0.3626 0.944
1998 males 0.7825 (0.1397) 0.3656 0.9574
1999 males 0.7909 (4.084) 0.0 1.0
1996 females 0.7192 (0.1069) 0.4527 0.8881
1997 females 0.7267 {0.099) 0.4861 0.8819
1998 females 0.7529 (0.098) 0.506 0.9
1999 females 0.7615 (4.05) 0.0 1.0




Table 10. Summary of model testng for Bicknell’s Thrushes banded as ASY adults on STRA plot, Stratton Min., Vermont, 1997-99.
Models sorted by QAIC, values with the most passimonious model at the top.

Model QAIC. | AQAIC. | QAIC. np | Deviance
wieght

{®. P} 25.585 0] 038975 2 6.756
(B, Py 27.855 237 012527 3 5646
{D. P} 28.069 248 011256 3 5.874
{ PP} 28.069 248 | 011256 3 5.874
{D P} 28.499 2911 0.09079 3 6.334
{D. B} 28773 3191 007916 | 3 6.626
(D, P} 29.793 1211 0.04754 | 4 3.395
[P, P} 31.278 569 1 0.02262 | 4 4.982
(D P 32496 6911 00125 | 4 6.283
{D. P} 34.285 8.7 1 0.00503 5 2.793
{©pec P} 36.698 11.11¢ 0.00151] 5 5371
(D Bl 30259 1367 | 0.00042 | 6 1163
(D, Py} 40174 1459 | 0.00026 | 6 2141
(D P} 4133 1574 | 0.00015 | 6 3376
{Dpe P} 4277 1719} 0.00007 ] 6 4914
(D P} | 47862 2228 | 0.00001| 7 1.095

Table 11. Survivorship estumates for Bicknell’s Thrushes banded as ASY adults on STRA plot, Stratton Mtn,, Vermont, 1997-99. First
estimate is most parsimonious model followed by mean estimates for all 16 models due to some uncertainty in model selection.

Model or mean of O (£SL) P 95% Confidence Interval
all models for lower upper
each vear
{D. P} 0.9464 (0.2835) 0.0003 1.0
1998 males 0.8608 (0.278) 0.0364 1.0
1999 males 0.8766 {0.2134) 0.0588 1.0
1998 females 0.9249 (0.2381) 0.0072 1.0
1999 females 0.9403 (0.1669) 0.015 1.0
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Table 15. Resules of artificial nest expetments on Mt. Mansfield
and Stratton Mountain, 1997 and 1998. Fractions represent number
of nests depredated over number placed in treatment type.

Treatment Mansfield Steatton

1997 1998 1997 1998
Hiking trasl 4/48 4/50 45/50 17/50
Ski trail edge 5/49 G/30 32/50 15/50
Ski tradl sland edge 5/52 1/50 6/50 6/50
Skia tradl sland interior 1/50 3/45
Control 5737 20/50 23/50 4/50
Total 19/186 | 25/200 | 106/200 | 42/200




Table 2. Reduced m-acray of Bicknell’s Thrush males marked and recaptured on two study plots on Mt Mansfield MANS and

RABR) and Stratton Mum. (STRA and STRB). R is number of marked individuals released in year (1), both newly marked and
previously marked individuals. For example, in 1993 fifteen marked thrushes were captured and released. Thisteen of these were newly
marked, two were previously matked (13+2=15 total). Annual values are the number from a given release cohort first captured in
that year, including new and previously macked individuals. ris the total numbes of individuals from a release cohort captured at least
once. my 15 the total number of recaptures in 2 given vear.

Location | Year | R 1993 | 1994 | 1995 | 1996 1 1997 | 1998 | 1999 | ¢

MANS 1992 13 2 0 0 0 0 0 0 12
1993 115 9 0 0 0 Q G 19
1994 | 14 7 1 0 0 0 8
1995 |15 4 0 0 0 4
1996 | 10 G 0 0 16
1997 113 3 2 15
1998 | 4 1 1
my 2 9 7 3 6 3 3

RABR 1995 |5 2 0 0 0 12
1996 110 4 2 0 6
1997 18 5 1 6
1998 19 7 17
1, 2 4 7 8

STRA 1997 |2 1 0 1
1998 | 10 6 16
11 1 6

STRB 1997 113 13 0 13
1998 116 9 9
1y 13 9




Table 17. Results of radio telemetry home range estimates of Bicknell” Thrush females on STRB plot, Stratton Min, skiarea, Vermont.

Point Accuracy

(B-exact to 3-30m radius)

Point Type

(C-capture, -
homing, R-tesight)

Band Mo 323 |C H Total |date start |[date end  [95%  |50% No No % %o
Points KHR [KHR {Female| Females {Female [Females
known [ known mis in in 50%
in 95% | 50% MR {95% KHR
HR IKHIR
153148236 41 26 24 0 0 2 51 1 541 3-Jun-97| 16-jul-97| 2.04] 038 0 0 0.0 0.0
153148239; 11] 10 22 8 4 6 49 0 55 9-Jun-97| 30-jul-97) 219 0.22 2 O 2846 0.0
124110976 6| 22 0 1 2 26 5 33112-Jun-97| 27-Jul-97| 258 049 1 0 143 0.0
153148239 11| 34 16 3 55 3 115 1 119{10-Jun-98| 16-jul-98 16 0.09 1 {0 143 0.0
150131017 9 11 0 22 3 43 0 46{17-Jun-981 17-jul-98; 049 0.14 2 2 286 286
153148236 6] 19 0 11 3 40 G 43124-Tun-98! 16-jul-98| 097 0.11 1 1 143 143
153148293 8 54 12 1] 143 3 211 4| 2187 2-Jul-98l 27-jul-98| 344| 042 3 1 429 143
150131020 G 70 84 22 5 0 181 0] 184 1-Jun-99; 7-jul-99] 225/ 0.14 6 5 545 455
153148239 3| 80| 127 57 13 2 276 20 2800 1-Jun-991 28-Jul-99 269 0.26 2 1 182 9.1
153148263 5[ 59 87 50 9 2 206 20 2100 1T-Jun-99;  $-Jul-99| 1.78] 0.18 3 2 273 182
153148293 5| 74 90 29 18 3 212 i 216) 1-Jun-99| 21-jul-99] 132} 0.134 1 1 9.1 9.1
135192513 1 49 21 2 i3 1 85 0 86| 3-Jun-99| 15-Jun-99| 242[ 025 4 4 364 364
135192522 3 62 58 9 4 1 135 0 136| 8-Jun-99| 5-jul-99| 2.74 0.3 4 4 364 364
153148276 4| 77 5 15 11 2| 161 1 164 9-Jun-99| 28-Jul-99| 30.25] 1.96 1 0
153148275 o 32 36 3 5 1 75 1 TT10-Jun-99| 27-Jul-99| 3.99 0.3 5 1 455 91
135192524 11 16 13 7 1 1 37 il 38 15-Jun-99| 24-Jun-99| 1.75] 0.18 4 1 364 9.1
153148236 I 15 12 2 0 1 29 0 30122-Jun-99| 30-Jun-99| 4.19 0.9 4 2 364 182
Total 79| 7107 674 208 3151 36| 1932 18| 1986 mean 3.9186| 0.385 Mean 27.7 15.5
Percent 4.0(35.8/ 33.9| 10.5] 159 1.8/ 973 0.9 SD 7.0791} 0.466 SD 14.9 14.3




Table 4. Summary of model testung for Bicknell’s Theushes banded as ASY aduls on MANS plot, Mt. Mansfield, Vermont, 1992-99.
Models sorted by QAIC. values with the most pasimonious model at the top.

Model QAIC. | AQAIC. | QAIC, np | Deviance
wieght

{D. P} 113,127 01 0.49438 2 73.082
{P: P} 115.085 196 { 0.18573 3 73.549
{D. P} 115.125 21 0.18206 3 73.618
D, Py 117.02 389 | 007058 | 4 73.166
{D. P} 117.819 4.69 | 0.04734 8 58.855
{D, P} 119.994 6.87 | 0.01596 9 58.504
{DP P} 123.51 10.38 | 0.00275 8 68.72
{P: P} 125.808 12.68 | 0.00087 9 63.581
{DPY 127.976 14.85 | 0.00029 13 54.982
{D Pew} 133.187 2006 1 0.00002 15 54.777
{ D, Peet} 135.834 22711 0.00001 16 54.595
{Pen P} 138.005 24.88 1 0.00000 15 63.127
{Dgn Pel 140.624 27.5 ¢ 0.00000 16 62.898
{Pge P} 146.929 33.8 | 0.00000 21 48334
{Dr Per} 148.527 354 ] 0.00000 21 51.103
[ Byre Pori 165.455 52.33 | 0.00000 27 45.699

Table 5. Survivosship estimates for Bicknell’s Thrushes banded as ASY adults on MANS plot, Mt. Mans field, Vermont, 1992-99.
First estimate is most parsimonicus model followed by mean estimates for all 16 models due to some uncertainty in model selection.

Model or mean of @ (£SE) O 95% Confidence Interval
all medels for lower upper
each year
{D. P} 0.5470 (0.06485) | 0.4196 0.6686
1993 males 0.5423 {0.06978) 0.4044 0.6741
1994 males 0.5419 (0.06929) | 0.4052 0.6725
1995 males 0.5416 {0.06936) | 0.4050 0.6723
1996 males 0.5411 (0.06921) 0.4047 0.6718
1997 males 0.5421 (0.06941) 0.4050 1.6730
1998 males 0.5409 (0.06931) 0.4038 0.6721
1999 males (3.5422 (6.06975) 0.4044 0.6739
1993 females 0.5579 (0.07784) | 0.4013 0.7038
1994 females 0.5574 {0.07735) 0.4021 0.7023
1995 females 0.5572 (0.07742) 0.4019 0.7021
1996 females 0.5568 (0.77267) 0.4016 0.7016
1997 females 0.5577 (0.07747 0.4019 0.7028
1998 females (.5565 (0.07736) | 0.4007 0.7019
1999 females (.5578 (0.0778) 04013 0.7036




‘Table 19. Preliminary patemity analysis of Bicknell’s Thrush clutches from Stratton Mountain, Vermont, 1998.

Nest ID Sex Band Number Feeding
Number Young Visit(s)
STRAY8.1 femalc 148127681 3 yes
STRA98.1 male 123160035 2 yes
STRA%8.1 muale 153148264 0 yes
STRA98.1 male 150131021 1
STRBY8.7 female 153148236 3 yes
STRB98.7 male P?/DBX » 0 yes
STRB98.7 male 124110974 2
STRB98.7 male 153148260 1
STRB98.6 female 150131017 2 yes
STRBY8.6 male 150131021 0 yes
STRBY8.6 male 124110974 1
STRB98.6 male 153148259 1
STRB98.8 female 153148239 4 yes
STRB98.8 male 153148268 3 yes
STRBY8.8 male 153148278 1

2 Color bands only partially read. No other adult had this color ou dght leg.



lable 8. Summary of model tesung for Bicknell's Theushes banded as ASY adults on STRB plot, Steatton Men., Vermont, 1997-99.
Models sorted by QAIC, values with the most parsimonious model at the top.

Model QAIC. | AQAIC. | QAIC. |np Deviance
wieght

{©. P} 25832 |0 0.15875 |2 16.647
(PP} 2602 0.19 0.14451 | 3 11492
{P. P} 2602 0.19 0. 14451 |3 11.492
{D.Py 2602 | 0.19 014451 |3 | 11492
{D, P} 27206 1.37 0.07986 | 4 8.507
{D, P} 28062 | 2.23 0.05206 |3 16.493
(D, P, 28062 | 2.23 0.05206 |3 16.493
(. P, 28125 | 2.29 0.05044 | 3 16.647
{D. Py} 28351 | 2.52 0.04505 |4 | 11312
[P P) 28.856 | 3.02 0.035 5 6.365
[P P} 28.856 | 3.02 0.035 5 6.365
(D P 30523 | 4.69 001521 | 5 10448
{ D Pomi) 30523 | 4.69 0.01521 |5 10.448
(Bge B} | 3151 | 5.68 0.00928 | 6 | 6.365
(D, Pt 13151 | 568 0.00928 16 | 6.365
{Oge Pe | 3151 | 5.68 000928 |6 | 6.365

Table 9. Survivosship estimates for Bicknell’s Thrushes banded as ASY adults on STRB plot, Stratton Min., Vermont, 1997-99. First
estimate is most parsimonious model followed by mean estimates for all 16 models due to some uncertainty in model selection

Model or mean of O (£SE) O 95% Confidence Intecval
all models for lower upper
each year
[D. P} 0.739 (0.101) 0.503 0.838
1998 males 0.8828 (44.01) 1.0 1.0
1999 males 0772 (177.4) 1.0 1.0
1998 females (.8286 (0.1249) 0.344 0.978
1999 females 0.7564 (128.6) 1.0 1.0




Table 21. Nests monitored on Mt. Mansfield and Stratton Mountain. Bickaells Thrush and Blackpoll Wasbler nests presented in detail in tables 13 and 14,

Species Plot: RABR OCTA MANS STRA STRB
Year | 95 | 96 | 97 | 98 | 99 | 9B [ 99 |95 | 96 | 97 | 98 1 99 | 97 1 98 | 99 | 97 98 99 Total

American Robin Fledge 6 2 0 11 2 5 0 16
Fail 1 0 0 11 0 4 0 6

Unk. (1 1 1 0 1 0 1 4

Hermit Thrush Fledge 1 1
Fail 0 0

Unk. 0 0

Black-capped Chickadee Hedge 0 0
Fail 0 0

Unk. 1 i

Purple Finch Fledge 1 0 H
Fail 0 0 0

Unk. o 1 1

Ruby-crowned Kinglet Fledge 0 (t
. Fail 1 1

Unk. 0 0

Cedar Waxwing Fledge 2 0 2
Fail 0 0 0

Unk. 2 2 4

Chipping Sparrow Fledge 1 4 5
Fail 0 3 3

Unk. 0 1 1

Golden-crowned Kinglet Fledge 1 1
Fail 10 0

Unk. G 0

Lincoln’s Sparrow Fledge 1 1
: Fail 1 1

Unk, 0 0

Magnolia Warbler Fledge e 11 0 5 1 1 1 9
Fail 2 0 2 2 1 5 0 12

Unk. 0 0 0 Q 0 1 0 i

Myrtle Warbler Fledge | 1 5 1 4 3 3 3 2 1 3 2 4 2 4 0 38
Fail 0 0 3 1 1 1 1 0 {) 0 G 0 0 3 1 13

Unk. Y 0 " £ 0 0 0 0 1 0 0 1 2 0 ¢ 4

Slate-colored Junco Fledge | 1 1 EE i1 4 3 0 G 14
Fail 2 0 0 0 ) 0 1 1 2 6

Unk. 0 0 0 { 1 G 1 0 0 2

Swainson’s Thrush Fledpr | 2 0 0 2 0 ) 0 0 1 5
Fail 1 2 4 1 3 1 1 3 1 17

Unk. 0 0 ) 0 0 0 0 0 1 1

White-throated Sparrow Fledge | 2 1 3 1 3 5 2 3 1 3 0 4 3 0 31
Fail 3 0 0 2 4 0 0 G 0 4 2 1 5 2 23

Unk. 1 0 0 1 0 0 0 0 .| 0 0 0 0 0 0 2




Table 12, Mean (SD) of habitat characteristics that were important in discriminating between Bicknell’s
Thrush nest sites and other sites and results of stepwise, discriminant function analysis.

Varmble

Bicknell’s
Thrush

Other

Correlation
Coefficient

a. Bicknell’s Thrush

(n=42) vs. non-use sites (n=30)

%o grass and sedge cover (3m radius) 243 (646) 1221 (27.88) | 0.602 *¥+
Yo moss cover (5m radius) 30 (23.4) 42.9{32.8) (1.572 wr+
No. birch stems ® 232 (183) | 16.2(14.9) -0.310 **
No. dead stems * 108 (121 18014 -0.282 *
Mean top canopy height 4.7 (2.2) 5 (2.5 -0.228 NS
All other deciduous species b 0.024 (0.15) 1 0.13 (0.72) 0.135 NS
corzectly classified 98% 80%

jackkaifed classification 83% 67%

b. Bicknell’s Thrush (n=42) vs. other species nest sites (n=19)

Mean top canopy beight 47 (2.2 71(3.5 (.§39 wrx
No. dead trees (11.3m radius) 11.6 (7.0) Y8 (15 -0.356 ***
correctly classified 67% 68%
jackknifed classification 67% 67%

c. Bicknell’s Thrush (n1=42) vs. Swains

on’s Thrush (n=19)

No. large birch trees © 0.1400.47) | 12(16) 0.764 ++
No. large conifer trees ¢ 1.9(4.8) 23(13) 0.458 **+
No. small conifer trees 4 26.3(17.5) 322(174) 0.270 *
correctly classified 88% 84%

jackknifed classification 83% 84%

]

a

o

>50cm tall and <Bum diameter at 10cm above ground in 5m radius plot.

Not mountain ash or white birch.
>23cm DBH in 11.3m radius plot.

>8em DBH and <23 em DBH in 11.3m radtus plot.

s P<g 0001, +* P<0.00E, * P<0.05, and NS is P>0.05.
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Figure 1. Cumulative video recording effort necessary to identify color banded Bicknell's Thrush adults attending
nests.
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Table 14. Numbers of success ful and unsuccessful Blackpoll Warbler nests and the nesting success based on numbers of nests plus number
of days nests observed to survive and daily survivorship and the predicted nest success using the Mayfield method.

Year No. % Nest Days Daitly survival rate | Predicted
success ful/ Successful observed (5L trest
unsuccessful SUCCess
)
(b) Mt Mansfield
1995 6/4 60 915 0.95628 (0.02137) 382
1996 18/2 90 189 0.98942 (0.00744) 79.6
1997 12/14 46.2 2235 0.93736 (0.01621) 24.9
1998 12/8 60 138 0.94203 (0.01989) 217
1999 9/3 75 119.5 0.97490 (0.01431) 57.9
All 62/31 67 800 0.96125 (0.00682) 42.8
(b) Stratton Min.
1997 6/2 75 83 0.97590 {0.01683) 59.2
1998 18/6 75 3235 0.98145 (0.00750) 66.9
1999 0/3 0 24 0.875 (0.06751) 57
All 24/11 68.6 4305 0.948% (0.01061) 324
{c) Both sites
All | 83/44 | 65.4 _ 1,200 | 096333 (0.00543) | 448

(d) Ski areas verses natural areas

Ski areas 23/13 622 3915 0.96679 (0.00900) 48.4
Natural areas 23/14 60.5 387.5 0.96387 (0.00948) 453
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Figure 2. Annual fall Balsam Fie

cone crop compared to following summer nesting success of Bicknell's Thiush and
Blackpoll Warbler on Mt. Mans field, Vermsont,
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Table 16. Results of radio telemetry home range estimates of Bicknell’'s Thrush males on STRB plot, Stratton Mia. ski arca, Vermont.

Point Accuracy Point Type
(O=exact to 3=30m radius) (C-captuze, H-
homing, R-resight)
Band 0 1 2 3 2-3 C H R | Total i date |date end]| 95% [50% | No. | No No % %
Number Points | start ICHR|KHR| Nesti Males | Males | males | males
koown | known | i in 50%
1 95% i 50% ] 95% | KHR
IKHR | IR | KHR
124110971 14 25 11 2 1 2 50 1 5316/13/97|7/21/97] 7.02| 0.49 2 9 2| 6921+ 154
124110971 57 95 33 30 142 3| 324 3 330 6/1/98/7/14/98] 8.3 0.71 4 8 41 5000 250
124110972, 8 951 125 49 15 of 278 50 283 6/1/997/18/99| 3.52{ (.16 3 10 5 625 313
1241109741 15 11 15 8 0 1 48 0 49 6/2/97) T/7/97] 639 1.2 4 6 4 4621 308
1241109741 30 1027 102 48 14 2l 2606 269 6/1/9917/25/99| 6.67! 0.64 3 4 0 250 0.0
148127626| 12 89 69 15 11 4 189 3 196 6/1/907/13/99 4.45) 0.26 2 7 1l 438 6.3
153148238 10 8 5 4 3 4 26 0 300 6/4/97|7/27/97| 0.85; 0.08 1 4 3| 308 231
153148258 22 31 7 0 65 41 119 2| 125 6/9/98| 7/6/98| 8.47F 0.41 2 7 3| 43.8; 188
1531482601 14 30 31 17 0 0 90 2 9216/18/97|7/10/97| 3.27] 0.36 2 3 3 2310 231
153148262 0 28 43 9 2 1 81 0 82| 6/6/97)7/30/97| 4.93 0.94 3 6 3| 4621 231
153148262 8 96| 111 37 37 2i 287 0 289 6/1/997/13/99; 3.56] 0.19 3 10 3] 625 188
153148267, 4 10 5 4 1 2 32 ] 34 6/8/98/6/23/98: 4.87) 1.01 3 7 31 438 18.8
1531482670 9| 103| 114 27 20 2| 268 3] 273 6/1/99|7/13/991 219} 0.15 1 6 37 375 188
153148268, 37| 106 51 4 86 8 276 B 284 6/9/987/20/98] 2.991 0.26 2 8 6; 50.6| 375
153148268; 13 82| 112 35 17 1| 257 1 259 6/1/997/13/99| 3.67| 0.27 1 9 4 563 250
1531482781 10 46 14 1 29 4 95 1 100{6/10/98{7/16/98] 3.24| 0.56 2 6 50 3750 313
153148278] 6 62 86 39 17 20 207 Yo 2100 6/1/9917/13/99] 2.68| ¢.16 2 9 4 563 250
Total 242, 1020{ 936! 296, 470] 42| 2893] 23] 2958 mean 4.53| 0.46; 2.35 Mean | 46.13| 21.86
Percent | B.2! 345 3L6] 10.00 15.9) 14| 978 0.8 Sh 217! 0.341 0.93 SD 12.95( 9.14
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Figure 3. Case study of cooperative polygynandsy on Mt. Mansfield, Vermont, 1999, Nest g was QOCTA 99.5 and
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Table 18. Results of Bicknell’s Thrush nests monitored sufficiently to deteunine the number of male feeders.

No. Male(s) Nest Total Obs. Time |No. Eggs] No. No. |Method Provisioning Frequency
Provisioning | (Plot year.#) (Hrs) Hatch | Fledge Number of Trips % of Total Trips
Female| Male [Unknown| % Yo Yo
{1,2,3.4) Unkown|Male | Female
1 QOCTA98.3 114 4 4 3 video 53 18 14 16.47| 21.18 62.35
1 QCTA99.2 8.2 3 3 G |video 21 15 1 2.70( 40.54 56.76
1 OCTA%9.6 49.5 3 3 3 Jvideo 99 91 1 0.52] 47.64 51.83
1 RABR99.4 26.4 3 2 2 |video 69 12 1 1.22] 14.63 84.15
2 OCTA8.1 8.0 4 3 3 |video 25 207 7 11.86| 45.76 42.37
2 OCFA98.2 5.6 4 4 3 jvideo 15 7.5 2 6.901 41.38 51.72
2 OCTA99.5 50.5 3 3 3 jvideo 148 51,50 6 2.35) 39.61 58.04
2 RABR98.2 5.6 3 3 3 |video 1 2 4 57.14| 28.57 14.29
2 RABR98.3 3.1 4 4 4 video 3 2.1 g 66.00( 20.00 20.00
2 RABR98.4 6.0 4 3 3 video 19 16,6 0 0.001 53.66 46.34
2 STRA98.1 0.0 3 3 3 |visual 0.00
2 STRBY7.1 0.0 3 2 2 visual 0.00
2 STRBY7.4 15.1 3 2 2 blind 6 45,27 16 17.02) 76.60 6.38
2 STRB97.5 2.0 4 3 3 |blind 5 2,1 G 0.00( 37.50 62.50
2 STRE98.3 5.7 4 2 2 video 9 0,3 9 33.33} 33.33 33.33
2 STRE98.5 32 3 1 1 video, 3 0,0 1 25.001 0.00 75.00
visual
2 STRBY8.8 2.7 4 4 4 video, 0 11,0 12 52.17| 47.83 0.00
visual

2 STRB99.5 74 3 3 0 |video 5 6,4 9 37.501 41.67 20.83
3 MANSY9.2 59.7 3 2 2 jvideo 127 41,6,3 61 25.63] 46.64 53.36
4 FORFE99.1 231 4 4 4 video 25] 35,25,23,15 17 12.14] 70.00) 17.86




Figure 4. Comparison of provisioning rates of each individual at sufficiendy monitoced Bicknell’s Thrush nests, Mt
Mansfield, Vermont, 1998-99..
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Table 20. Coopersative polyandrous/polygynandrous species consisting of # males that both mate and at least potentially fertilize a female and cooperate
mn provisioning her single brood (Faaborg et al. 1980, Faabogg and Patterson 1981). This table is based on Hartley and Davies (1994), Ligon (1999) and
other published material cited below.

Species Family References

Acom Woodpecker (Melawerpes formicvorns) Picidae Koenig and Mumme (1987)

Alpine Accentor (Praunella collaris) Passeridae Davies et al. (1995), Hartley et al. (1995), Nakamura (1995), (1998a), (1998D)
Black Tit (Parus niger) Paridae Tarboton (1981)

Brown Skua (Catharacta lennbergs, laridae Millar et al. (1992)

Dunnock (Prunedla modularts) Passendae Burke at al. (1989), Davies (1985), Davies {1992)

Dusky Mooshen (Gallinnila tenebrosa) Railidae Garnett (1980)

Galapagos Hawk (Bureo galapagoensis) Accipitridae Faaborg et al. (1980), Faaborg et al. {1995)

Henderson Reed-warbler (Aoocgphalis vanghani)  Sylviidae Brooke and Hartley (1995)

Noisy Miner (Manorina melanocephala) Meliphagidae ~ Dow and Whitmore (1990)

Pukeko (Porphyrio porphyris) Ralhdae Jamieson et al. (1994)

Smith’s Longspur (Calcarius pictus) Embernzidac Briskie (1992), Brskie et al. (1998)

Tasmanian Native Hen (T'dbonyx mortieris) Rallidae Goldizen et al. (1998), Goldizen et al. (2000}, Ridpath (1972)
White-browed scrubwren (Serzcornis frontatis) Pardalotidae Whittingham et al (1997), Whittingham and Dunn (1998)

White-winged Trumpeters (Piophia lencoptera)

Psophiidae

Sherman (1995)




Mgure 5. i"rc)visioning mdices tor 10 nests on M. Mansticid, Vermont, 1998 and 1999, A)
Companson among aduits. Females are black and males of cach nest follow m gray. All wdividuals
aged as second year (SY) labeled. All othees are afrer second year. B) Comparson of total male
provisioning rates (black) and total provisioning rates (gray). Numerical label indicates number of
males provisioning the brood.
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Table 21. Contmued.

Winter Wren Hedge 2 2
Fail 0 0
Unk. 0 ¥
Yellow-bellied Flycatcher Fledge | 2 1 1 2 { 1 7
Fail 1 0 0 0 2z 0 3
Unk. 0 0 D {) 0 0 0
Red-breasted Nuthatch Fledge | 1 1 2
Fail ¢ 0 0
Unk. ¢ 0 {
Brown Creeper Fledge 0 0
Fail 1 1
Unk. ¢ 0
TOTAL Fledge 135
Fail 85
Unk. 21




Appendix A.

Vermont Fish and Wildlife Department
Draft Management Recommendations for Vermont Ski Areas

December 1999
Bicknell’s Thrush Vegetation Management Plan

Purpose: to provide guidance for vegetation management of existing ski trails for Bicknell’s Thrush breeding
habitat.

Ingroduction: Bicknell’s Thrush is an uncommon to race bird species, both within Vermont and globally,
that inhabits high elevation forests in the state. Although not protected by the Vermont State Endangered
Spectes Law or Federal Endangered Species Act, it is listed as a species of special concem by the Scientific
Advisory Group on Birds of the Vermont Endangered Species Committee. Bicknell’s Theush has also been
listed as a wildlife species of regional conservation concern in the noctheastern United States by the Northeast
Endangered Species and Wildlife Diversity Technical Committee, which is a working committee of the
Northeastern Association of Fish and Wildlife Agencies. Furthermore, concern over the population status of
this species has prompted federal and state agencies and private groups to be concerned over impacts to its
habitat. It was ranked as the number one Neotropical migrant for conservation concem in the Northeast by
Rosenberg and Wells (1995, Partness in Flight working group, NE Region). Finally, it was recently added to a
list, as threatened and vulnerable, by the Intemational Union for Conservation of Nature (JUCN) to be
published in their new edition of the IUCN Red Book. This book lsts species thut are threatened at the
globat level.

The Vermont Institute of Natural Science (VINS) has speatheaded research on Bicknell's Thrush in New
England and is the key non-government otganization in Vermont for thrush research. Their findings have
been significant in recognizing the importance of Bicknell’s Thrush conservation in the Northeast.

Bicknell’s Thrush nest mainly in low, dense spruce-fir and mixed forests found on high elevation exposed
ndges, blow-downs, or fit-wave ateas. Optimal thrush habitat appears to be moderate-sized areas of low,
dense, fir-dominated forest. Areas along ski trails often mimic these naturally disturbed forest types, and their
development often is gready accelerated because of increased exposure. Statewide, Bicknell’s Thrush nest
mainly above 3000 feet w elevation and occasionally lower if the habitar is appropriate. Furthermore, it
appears that birds will descend below 3000 feet for foraging, especially eardy in the breeding season. It should
be noted that there are litle to no data on fledgling or post-breeding dispersal in fall, but that thrushes may
also use lower elevation areas at this time.

VINS’ recent research has determined that by leaving spruce-fir cover along the edge of trail to the greatest
extent possible, without interfering with skiing, it is possible to enhance the habitat for Bicknell’s Thrush by
providing habitat and buffer. Bicknell’s Thrush will use these areas for foraging, pecching, and for cover
when moving about and crossing teails. Also VINS has documented occasional nes ting in narrow buffers
covered with low, dense spruce-fir along the trails.

On 18 May 1999, Okemo Mountain Resort, the Vermont Department of Fish and Wildlife (VDFW), the
Vermont Dept. of Forest, Parks and Recreation (VDFPR), and VINS conducted a site visit to detemine
which ski trails would be appropsiate to manage for Bicknell’s Thrush. Based on discussions during this site
visit and the combined expertise of VINS, Okemo Mountain and Agency of Natural Resources professionals,
the following preliminary management plan was developed.
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Vegetation Management

Management of ski traill vegetation for Bicknell’s thrush will be done only in areas that will not interfere
with skier safety.

Ski trails to be managed for Bicknell's thrush will be 3000 feet in elevation and above, with the exception
of areas above 2700 feet with appropriate vegetation (see #3 below).

Vegetation management is warranted maialy in areas where the adjacent forest is spruce-fir dominated
and there are abundant trees in the undesstory, often forming a dense thicket. Taller (>5 m) trees may be
preseat, but these are often damaged by wind and/or insects and do not form a complete canopy, thus
promoting undesstory growth. In these areas, which may include only one (usually the wind-exposed)
side of a ski trail, low spruce-fir will be allowed to extend along the edge outward for 10-20 feet {or
wider) at heights of 1-3 feet (or higher). An attempt should be made to “feather” such vegetation at the
edge of ski trails, Le., gradually decreasing tree height from the forest 1o the grassy trail edge. This would
appear similar fo a ‘half pipe’ for snowboarders, but composed of fir teees. When these areas are cut
back, there will be an attempt to maintain woody vegetation at heights of one foot or more. Also,
regeneration cuts will be made as infrequentdy as possible to maximize habitat availability and continuity.

Management of gladed skiing trails for Bicknell’s Thrush is important to maintain habitat integrity within
skiareas. To minimize adverse impacts to Bicknell’s Thrush, existing gladed trails in suitable habitat
should be kept as narrow as possible. Patches of low, dense fic-spruce should be left intact o minimaliy
altered, while still allowing the trails to function for their intended recreational purpose. Annual
maintenance should ensure that some tree saplings are retained, so there is continual recruitment to oldes
age classes. This will help to prevent tree mortality events that could cause the longer-term conversion of
gladed trails to completely open tradls. Concerted efforts should be made to prohibit any unauthorized
gladed trail establishment or maintenance, or unauthorized habitat alteration (i.e., cutting) of any kind .

Another potential habitat enhancement for Bicknell’s Thrush is islands of trees in ski trials. Islands often
have a low, dense spruce-fic component and provide crossing points for Bicknell’s Thrushes, which tend
to avoid wide crossings of open ski trails. Maximizing the size of islands between ski trails will benefit
movements of Bicknell’s Thrush between patches of suitable habitat and will may reduce “edge effects”
such as increased predation of nests. In situations where one or more island can be combined into a
single, lacger ssland, Bicknell’s Thrush habitat will be improved.

The timing of vegetation management in areas of Bicknell’s Thrush breeding habitat is important and
should be delayed until after August 1, when the majority of nesting activities ace complete.

Trail areas that are appropriate for thrush habitat management should be maintained by the ski area. The
plan and map should be reviewed annually by the ski area maintenance supesvisor and those who will be
doing on-the-ground management.

The most current plan and map of Bicknell’s Thrush and its habitats will be presented to the District
Forester of VDFPR as part of an annual review of vegetation management on the mountain. VDFPR
will coordinate with VDFW’s Nongame and Natural Heritage Program on the Bicknell’s thrush portion
of the plan. VDFW will in turn seek input from VINS reseacch staff if appropriate.

Summary: We have an important opportunity to work in partnership to manage existing ski trails to
minimize impacts of ski area management on avaiable habitat of Bicknell’s Thrush, and to enhance habitat
whenever possible. This will help promote the conservation of this Species of Special Concern in Vermont.



