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Marbled Murrelets Select Distinctive Nest Treeswithin Old-Growth
Forest Patches

Sélection d’arbresde nidification distinctifsdanslesilots de vieilles for éts
par le Guillemot marbré

Michael P. Slvergieter 1 and David B. Lank?!

ABSTRACT. The coastal old-growth forests of North America s Pacific Coast are renowned both for their
commercial and ecological value. This study adds to growing evidence that selective harvesting of the
largest trees may have a disproportionate ecological impact. Marbled Murrelets (Brachyramphus
marmor atus), athreatened species, nest amost exclusively in these old-growth forests. Detailed knowledge
of nesting habitat selection provides guidance for habitat management and conservation. Habitat selection
for this species has been studied at avariety of scalesusing ground and remote methods. However, because
Marbled Murrelet nesting activity is limited to a single mossy platform on a single tree, we investigated
nest tree selection within old-growth forest patches, using aset of 59 forest patches containing active nests.
Nest trees were usually distinctive compared with neighboring trees in the surrounding 25 m radius patch.
They averaged 15 to 20% taller than neighboring trees depending on region, had significantly larger stem
diameters, more potential nesting platforms, and more moss. They had the most extreme values of height
and width about three times as often as expected by chance. An analysis of moss platform use asafunction
of number of platforms per platform tree suggests that murrelets select individua platforms, rather than
platform trees per se. Nonetheless, highly selective logging practices that remove high-value trees from
stands may also remove trees most likely to be selected by nesting murrelets.

RESUME. Les vieilles foréts de la cote nord-américaine du Pacifique sont renommées a lafois pour leur
valeur commerciale et leur valeur écologique. Les résultats de nos travaux corroborent les observations
sans cesse grandissantes voulant que la coupe sélective des arbres les plus gros puisse avoir un effet
écol ogiquedisproportionné. Or, le Guillemot marbré (Brachyramphus mar mor atus), espéce menacée, niche
presgue exclusivement dans ces vieilles foréts. La connaissance détaillée du processus de sélection des
habitats de nidification est donc importante pour |I’aménagement et la conservation d’ habitats. C'est la
raison pour laguelle lasélection de I habitat par cette espece a été étudiée a diverses échelles au moyen de
méthodes sur le terrain et a distance. Toutefois, parce que I’ activité des guillemots au moment de la
nidification se limite a une unique plateforme de mousses dans un seul arbre, nous avons examiné la
sélection des arbres de nidification danslesilots de vieilles foréts a partir d’ un échantillonnage de 59 ilots
forestierscontenant desnidsactifs. L esarbres sél ectionnés présentai ent habituellement des caractéristiques
distinctives comparativement aux arbres avoisinants dans un rayon de 25 m. Ainsi, ils éaient de 15 420 %
plus grands en moyenne que les arbres avoisinants selon la région, avaient un diamétre plus grand, et
contenaient davantage de plateformes potentielles et de mousses. De plus, ces arbres se sont avérés étre
les plus grands et les plus gros des ilots, soit trois fois plus souvent environ qu’ attendu du hasard. Par
ailleurs, I’analyse de I’ utilisation des plateformes de mousses, selon le nombre de plateformes par arbre
potentiel, indique que les guillemots sélectionnent les plateformes plutdt que les arbres. Néanmoins, les
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pratiquestres sélectives d exploitation forestiére, qui favorisent larécolte des arbres de grande valeur dans
les peuplements, pourraient egalement mener alarécolte d’ arbres ayant une forte probabilité de sélection

par les guillemots au moment de la nidification.
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INTRODUCTION

Nest site selection by birds results from a series of
behavioral choices. Habitat characteristics of the
nest siteitself, and at various scal es surrounding the
nest site, entail variation in predation danger,
resources, and environmental conditions, which
affect individual nest success and ultimately
popul ation persistence (Johnson 2007). Understanding
nest site selection therefore leads to better
definitions and measures of habitat quality, defined
by Hall et a. (1997) asthe ability of agiven habitat
to support individuals or populations and allow
them to persist through time. Measures of habitat
quality are used by managersto rank and prioritize
habitats for conservation.

Loss of old-growth nesting habitat for Marbled
Murrelets (Brachyramphus marmoratus) has been
identified as the major factor responsible for
population declines and local extirpation, and
management of nesting habitat is a key part of the
recovery strategy for this threatened species in
Canada (Canadian Marbled Murrelet Recovery
Team 2003) and the United States (U.S. Fish and
Wildlife Service 1997). Marbled Murrelet nestsare
usually located on large limbs that offer a soft
substrate of epiphytes(moss) or accumulated lichen
and duff into which a depression is formed to hold
asingleegg (Nelson 1997). Limbs of sufficient size
to contain nests are referred to as platforms; these
limbs are typically at least 15 m above the ground
and at least 15 cm in diameter (Resource Inventory
Committee 2001). These platforms occur almost
exclusively in old-growth coniferous trees at least
140 years old (Burger 2002). For the purposes of
thisstudy, theterm“platformtrees’ refersto canopy
trees that contain at least one platform, as
determined by observers from the ground.

Nest site selection for Marbled Murrelets and other
Species occurs at various scales, and can be viewed
as a hierarchical process whereby decisions made
at one scale constrain the available habitat from
which subsequent choices are made at finer scales.

Studies of habitat selection must carefully define
“available” habitat (Jones 2001), and Johnson
(1980) provides usthetoolsto do so in the form of
selection orders. For Marbled Murrelets, nesting
habitat selection at the landscape scale (third order
a, in Meyer 2007) is positively influenced by
availability of old-growth forest (Burger 2002,
Raphael et a. 2002), increased topographic
complexity (Waterhouse et al. 2009), elevation,
I.e., positive or negative influence (Burger 2002),
and moister climate zones, i.e., fog-influenced
zonesin Californiaand Oregon, based on behavioral
indicators of nesting (Meyer et al. 2004), and north
and west slope aspectsin B.C. (Silvergieter 2009).
Selection for nest patches within the landscape
(third order b, in Meyer 2007) is based on larger
mean treesize, i.e., stem diameter aswell ascanopy
height, canopy structure and complexity, and
greater densitiesof potential platformsand platform
trees (Burger 2002 for summary). These habitat
variables discriminate nest patches from available
habitat (Hamer et al. 2008, Waterhouse et a. 2008,
2009, Silvergieter 2009) using either ground or
remote, i.e., air photo interpretation or low-level
aerial surveys, methods of habitat assessment. The
integration of ground and remote methods has not
beenwell-studied, with Silvergieter (2009) offering
results of one such comparison.

Understanding selection at fine scales provides a
biological perspectivefor explaining patternsfound
at larger scales (Johnson 2007). Selection for the
nest tree within the patch, referred to as element-
level selection (Manley 1999), or fourth order
habitat selection (Meyer 2007), is not well studied
for Marbled Murrelets because few nests have
actually been found. Manley (1999) showed that
nest trees, asapopulation, weretaller and had more
platforms than samples of other trees in the forest
patches surrounding the nest trees. At Clayoquot
Sound, British Columbia, Conroy et al. (2002)
found that five nest trees had alarger stem diameter
at breast height (DBH) and more platforms than
other treesin the valley.
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Between 1998 and 2002, researchers used radio
telemetry in southern British Columbiato locatethe
largest set of Marbled Murrelet nests yet found
(Bradley et al. 2004, Piatt et al. 2007). Photographs
of these nests, nest trees, and sitesin their landscape
setting are available at http://www.sfu.ca/biol ogy/w
ildberg/mamuweb/welcome.htm. This set of nests
has been used for habitat selection studies of
landscape features (Zharikov et al. 2006, 2007) and
nest patches using air photo interpretation
(Waterhouse et a. 2004, 2008), low-level aerial
surveys(Waterhouseet al. 2009), and ground-based
surveys (Silvergieter 2009). Although descriptions
of habitat selection at larger scales are directly
applicableto management questionsand apply over
large areas, murrelet activity is limited to a single
platform in asingle tree. Some of the nests located
by radiotelemetry wereinlarge veteran treeswithin
amatrix of otherwise unsuitable habitat (Zharikov
et a. 2006), suggesting that in some cases,
characteristics of the single nest tree may be more
important for sel ectionthanthoseof thesurrounding
patch.

The available habitat in this study is defined as the
patch surrounding the nest tree; it seems safe to
assume that these nearby trees were equaly
available to the prospecting murrelet. We thus
compared nest treesto al other canopy treeswithin
25 m and to the subset of those trees containing
platforms, i.e., platform trees, hypothesizing that
nest trees are distinguishable from those in the
surrounding patch. We estimate the chances of the
nest tree having extreme values for a variety of
measures, given the number and attributes of other
trees in the patch. We call nest trees distinctive if
they are statistically significantly larger, taller, or
have more moss or platforms; however, these trees
are not necessarily the superlative tree in any
particular dimension. Our null hypothesis is that
each nest tree has a 1/n chance of being distinctive,
where n is the number of canopy or platform trees
within each plot. We present a cumulative
likelihood of being distinctive based on the
weighted Z-method (Whitlock 2005), and
summarize the number of plots containing
distinctive nest trees.

Several studies report that murrelets select trees
with more platforms (Manley 1999, Conroy et al.
2002). However, no previous study has tested
whether this pattern results from selection favoring
the use of trees with more platforms, or simply
matches the distribution expected from variation in
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the number of platforms availablein each tree. We
examine patterns of usage versus availability of
platformsamong platformtreesto look for evidence
of selection occurring for treeswith more platforms.

If nest trees are distinct from neighboring trees in
the patch, the presence of such distinctive trees
would beanimportant characteristic of nest patches.
Focusing on actual nest site selection at the element
scal eshould hel p explainthefunctional significance
of patterns of patch-level habitat selection and
thereby habitat quality from a management
perspective. Both nest searches and management
decisionsmay beimproved givenknowledgeof nest
Site selection at this scale. Selective logging
practicesin particular, whereby the largest treesare
removed from a stand, may have a larger than
expected impact on existing and potential murrelet
nest densities.

METHODS
Study area

The study took place at Clayoquot Sound (CS; 49°
12’ N, 126°06" W) and Desolation Sound (DS; 50°
05 N, 124°40' W) on the southern coast of British
Columbia, two regions with relatively large
populations of nesting murrelets. Birds were
captured at sea and outfitted with radio tags during
thebreeding season. Nest siteswerelocated by radio
telemetry at CS (2000-2002) and DS (1999-2001)
and monitored by helicopter for presence-absence
patternsindicative of incubation (see Bradley et al.
2004, Zharikov et a. 2006).

Although 157 nests were located, many were
inaccessible to ground crews (n = 87), especially at
DS, and are therefore not included in this study,
which requires ground-based sampling. Onenest in
lower portions of adeciduoustree (red alder, Alnus
rubra; Bradley and Cooke 2001) was also omitted,
becauseit isthe only deciduous nest known for this
species, and we consider it an outlier with respect
to nesting habitat in this region. We also excluded
10 sites where either habitat plot data were not
available or the nest tree was not confirmed within
the plot. In another study using this dataset,
Silvergieter (2009) found that plotswith fewer than
five canopy trees measured were not representative
of thearea. Seventeen sites containing five or fewer
canopy trees were eliminated for this reason. The
study isthus based on 59 sites, some of which were
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missing epiphyte data; sample sizes are therefore
reported individually for epiphyte variables.
Limited accessibility could introduce some bias
relative to patterns over al sites, but any such bias
may be of lessconcern for thisstudy, which focuses
within patches, than it would be for studies
comparing choices among patches at the landscape
scale. Finaly, the accessible habitat to which these
models apply is most representative of that used by
current commercial logging, and therefore of
highest immediate conservation value.

Field techniques

Ground vegetation surveys were carried out
according to established “RIC” protocols for
Marbled Murrelet nesting habitat (Resource
Inventory Committee 2001), whereby all trees (>
10 cm DBH) are measured in a 25 m radius plot
centered on the nest tree. The variablesinvestigated
inthisstudy include: theDBH (cm), treeheight (m),
number of potential nesting platforms, estimated
mean epiphyte cover on limbs (0 = none; 1 = trace;
2=1-33% cover; 3= 34-66% cover; 4 = 67-100%),
and epiphytethickness (1= sparse; 2=intermediate;
3 =thick mats). Canopy height was measured using
aclinometer for nest trees and certain other treesin
the patch, asareference by which other tree heights
were estimated. Heights of nest trees were more
accurately estimated by climbers with measured
ropes. Canopy trees were determined by ground
observers, defined astreesthat reach the uppermost
continuous layer of tree crowns or higher.

For nest trees, both ground-based and climber
counts were available for the number of potential
platforms, and these were often different, with
climber counts generally greater than ground
estimates. This is consistent with Rodway and
Regehr (1999), who found that ground observers
tended to underestimate actual platform abundance,
except for trees with few actual platforms, when
ground observers tended to overestimate. In this
study ground-based countswereused in all casesto
allow comparison to other trees, therefore the data
we use likely underestimate actual platform
abundance. It should be noted that in this study the
term “non-nest tree” refers to trees other than
confirmed nest trees, though the absence of nestsin
these treeswasnot confirmed. Active nestsarevery
unlikely in non-nest trees because of low nest
densities (Conroy et al. 2002), but they may have
contained nests from previous years.
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Statistical analysis

Variables at many sites were not normally
distributed and often had small sample sizes,
therefore nonparametric Sign tests were used to
determine, for each variable, whether nest trees
were significantly different (P < 0.05) from other
treesin the plot. Nest trees were compared to each
of the neighboring trees in the plot. We used the
weighted Z-method (Whitlock 2005) to obtain a
measure of combined significancefor eachvariable,
with weight equivalent to the sample size of
neighboring treesin each plot. We considered anest
treeto bedistinctiveif it wassignificantly larger, or
had significantly more platforms, moss, etc. than
other trees in the plot. For comparisons involving
only platform trees, we omitted any siteswith fewer
than six other platform trees, resulting in a smaller
sample size of 40 for these analyses. All means are
presented + one standard error. Spearman rank
correlations were used to investigate whether nest
treesthat weresignificantly differentinonevariable
were also likely to differ in other respects.

Weinvestigated selectivity for platformtree species
within a site under the null hypothesis that each
platform tree had an equal probability of being
chosen. We calculated selectivity score (S) for each
tree species represented in each plot, as the
difference between observed probability of usage,
I.e., one for the species in that plot, zero for non-
nest species, and the expected probability of usage,
I.e., the proportion of platform trees of that species
intheplot. Therefore, the scoresfor nest tree species
ranged from O to 1 for each plot; nest tree species
that wererareamong platformtreesintheplotwould
have higher scores. Conversely, non-nest tree
species scores ranged from > -1 to 0, with common
species in the plot having higher scores. We used
ANOVA totest for variation among themean scores
of tree species across all plots.

Our data also allow us to assess whether murrelets
choosetreeswithmoreplatformstouseasnest trees,
or whether they choose individua platforms with
no contribution from the number of platforms per
tree. Among trees with one or more platforms, we
Investigated whether trees were used proportionately
more or less than expected if platforms were used
at random with respect to the number per tree. The
null hypothesisisthat aplatform hasanequal chance
of being used or not independently of the number
of platforms per tree. We tested this with a
Kolmogorov-Smirnov  2-Sample test, which
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Table 1. Nest tree characteristics by dimension and tree species. Nests were found in a variety of tree
species, with most in western hemlock and douglas-fir. Nest trees had, on average, eight potential nesting
platforms, and were shorter at Clayoquot Sound (CS) compared with Desolation Sound (DS).

Total CS DS DBH (cm) Height (m) Platforms
Species n n n Mean + SE Mean + SE Mean + SE
Western Hemlock 20 12 8 940 + 6.2 37 £ 2 8 0
(Tsuga heterophylla)
Mountain Hemlock 1 1 0 162.2 42 20
(Tsuga mertensiana)
Douglas Fir 16 5 11 1379 + 7.2 48 + 2 8 1
(Pseudotsuga menziesii)
Western Red Cedar 11 3 8 1549 + 16.7 45 + 2 7 £1
(Thuja plicata)
Yellow Cedar 6 5 1 89.8 + 10.8 32 +2 8 +2
(Callitropsis
nootkatensis)
Amabilis Fir 5 1 4 1079 + 108 57 £ 5 10 + 2
(Abies amabilis)
Cs 27 1073 + 79 38 +2 8 +1
DS 32 1218 + 82 48 + 2 8 +1
All 59 1192 + 54 43 + 14 8 *+ 05

comparesthe cumulativedistribution of all non-nest
tree platforms with respect to the number of
platforms in each non-nest tree, versus the
cumulative distribution of all nest tree platforms
with respect to the number of platformsin each nest
tree. A differencebetweenthesedistributionswould
suggest preferencesfor theusageof, or against, trees
with particular numbers of platforms.

RESULTS

Fifty-nine nest trees and 1240 non-nest trees were
measured in the study, with 21.0 £ 0.2 (mean £ SE)
treesin 25 m plots (range 5 —50; n = 59), and 10.7
+ 0.2 platform trees (range 5 — 25). Although taken
asawholetheremay beselectionfor certain species,
comparisons within sites show no species
preference. The nest tree species was the most
common species of platform treein the surrounding
plot at 81% of sites at CS and 72% of sites at DS.

Cumulatively, there appears to be selection for
douglas-fir (Pseudotsuga menziesii) at both CS
(comprising 35% of nests compared to 11% of all
platform trees) and DS (19% of nests, 8% overall).

Among nest trees, western hemlock (Tsuga
heterophylla) and yellow cedar (Callitropsis
nootkatensis) werenotably smallerintermsof DBH
and height than other species (Table 1). Among the
59 nest sites, nest trees had a DBH of 119.2 + 5.4
cm, were43+ 1 mtall and contained 8+ 1 platforms.
Nest trees at CS (n = 28) were significantly shorter
thanthoseat DS (n=31; Table 1; two-samplet-test,
t 57 = -3.32, P < 0.01), but were similar in other
respects.

Nest tree diameters averaged 43.7 cm greater than
other canopy trees in their plot. Nest trees had
significantly greater diameters than other canopy
trees at 64% of sites (Table 2; Weighted Z-method
for combined probabilities: Z,, =-31.20, P < 0.01),
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Table 2. Comparison of nest treesto all other canopy trees and to trees containing platforms within 25 m
with respect to diameter at breast height (DBH), height, platforms, and epiphyte growth. CS = Clayoquot

Sound, DS = Desol ation Sound.

All canopy trees

Platform trees only

Variable Region n Mean % Nest trees % Nest n Meandifference % Nest trees % Nest trees
difference  sig. different’ trees fromnesttree  sig. different’  highest ranked
from nest tree highest
ranked
DBH (cm) CS 27 337%62 67" 26 22  238+68 a1* 27
DS 32 522483 63* 34 18  19.0+11.0 28* 22
Both 59 43.7x54 64" 31 40  216+6.1 35 25
Height (m) CS 27 50+13 63 30 22 28+13 41} 32
DS 32 11217 72} 41 18 6321 33* 33
Both 59 84z%11 68* 36 40 44+12 38 33
Platforms cs 27 7+1 96* 44 22 5+1 73t 36
DS 32 6+1 8g* 53 18 5+1 61* 44
Both 59 61 92 49 40 5+1 68 40
Epiphyte CS 27 04%01 41* 0 22 0.1+0.1 14 0
Cover
DS 30 04%01 40* 0 14 0.0+0.2 21 0
Both 57 04%01 40* 0 36 0.0+0.1 17 0
Epiphyte CS 27 06+01 74* 0 21 03+0.1 19 0
Thickn
DS 26 08%01 58* 0 11 0.3+0.1 9* 0
Both 53  07%0.1 66" 0 32 0.2+0.1 10 0

T Sign test P < 0.05.
* Combined significance P < 0.05 (weighted Z-method; Whitlock 2005).

§ Categories; see Methods.

werethelargest treeat 31% of sites, and wereamong
thefivelargest treesat 69% of sites. Nest treeswere
significantly larger than other platform treesat 35%
of sites(Z,, =-8.06, P < 0.01).

Nest treeswereal sotaller, by 8.4 mon average, than
neighboring canopy trees. Nest trees were
significantly taller at 68% of sites (Table 2; Z,
=-26.89, P<0.01). They werethetallest treewithin

25 m at 36% sites, and were among the five tallest
trees at 76% of sites. Nest trees were significantly
taller than other platform trees at 38% of sites (Z,,
=-7.82, P<0.01) with an average difference of 4.4
+ 1.2 m(n=59), and nest trees were significantly
shorter than other trees at three sites.

Nests occurred in six species of trees. Western
hemlock was the most common nest tree species at
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Fig. 1. Cumulative proportion of platformsin non-nest trees (solid line) and platformsin nest trees
(dashed line) as afunction of trees with a given number of platforms. Although the distributions are not
significantly different (Kolmogorov-Smirnov 2-sample test: KSa= 0.79, P = 0.33), trees with fewer than
three to four platforms appear to be underused. Platforms n = 2609; platform trees n = 533.
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CS, and douglas-firs contained most of the nests at
DS, with western red cedar (Thuja plicata) and
western hemlock as the next most frequently used
species (Table 1). All of the species that contained
platformswere represented among nest trees except
for sitkaspruce (Picea sitchensis) and bigleaf maple
(Acer macrophyllum), both of which were
infrequent as available trees. Douglas-fir (present
in 20 plots, S=0.27 £ 0.09) and yellow cedar (n =
13; S=0.08 + 0.13) were the only speciesthat may
have been used on average more than expected,
however there was no significant difference among
the means (ANOVA F =159, p = 0.14, df = 7,
Levene's test showed acceptable homogeneity of
variances (F = 1.50, p = 0.18, df = 6).

Welimit our analysisof number of platformstotrees
containing at least one platform. In every plot, the
nest tree contained more platformsthan the average
in nearby available trees. Nest trees had
significantly more platforms at 68% of the sites
(Table 2; Z,, = -14.62, P < 0.01), containing, on
average, 5 + 1 (n = 59) more platforms than other
platform trees.

Do murrelets choose platforms or platform trees?
The probability that a tree was used as a nest tree
with respect to the number of platforms per treewas
not significantly different from what would be
expected from the number of platformsavailablein
non-nest trees with different numbers of platforms

(Fig. 1). Although it appearsthat murrelets avoided
trees with fewer than three to four platforms, we
have no overal statistical support for selection of
treeswithmoreplatformsper se. Instead, ingeneral,
platforms were used as expected based on the
proportion of platforms available in trees with
different numbers of platforms.

Epiphytethicknessand cover wereranked on scales
consisting of threeand four categories, respectively.
Differences are therefore more difficult to detect.
Nonetheless, nest trees had significantly more
overal epiphyte cover than other trees at 40% of
sites (Table 2; Z,, = -11.88, P < 0.01), and 66% of
nest trees (Z,, = -25.94, P < 0.01) had significantly
thicker epiphyte cover. Compared with other
platformtrees, nest treesdid not have more epi phyte
cover (Z,, = -0.99, P = 0.16). Nest trees did have
significantly thicker epiphytes than neighboring
platform trees, with acombined significance of P <
0.01 (Z,, = -3.40), though only 16% of nest trees
were distinctive in this respect.

The differences between nest trees and neighboring
canopy or platformtreesweresimilar at CSand DS,
except with regardto height. Theaveragedifference
in height between nest trees and neighboring trees
was significantly larger at DS than at CS (Mann-
Whitney U-test: 5.0+ 1.3,n=28a CS,11.2+ 1.7,
n=31at DS; U=1001.0, P<0.01; Table 2).
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Table3. Spearman rank correlationsshow that nest treesthat were di stinct when compared with neighboring
canopy trees (above diagonal; n =59, except n = 57 for epiphyte cover, and n = 53 for epiphyte thickness)
and neighboring platform trees (below diagonal; n = 40, except n = 36 for epiphyte cover, and n = 32 for
epiphyte thickness) are often distinct in other dimensions as well. DBH = diameter at breast height.

DBH Height Platforms Epiphyte Cover Epiphyte Thickness
DBH 0.67" 0.40" 0.11 0.27"
Height 0.52" 0.18 0.04 0.09
Platforms 0.38" 0.03 0.12 0.23
Epiphyte Cover 0.24 0.26 0.30 - 0.33"
Epiphyte Thickness 0.29" -0.07 0.43" 0.23

T Spearman rank correlation P < 0.05.

Nest trees were often distinguishable from other
neighboring trees with respect to more than one
variable. Nest treeswith asignificantly larger DBH
also tended to be significantly taller than other trees
and have more platforms and thicker epiphytes
(Table 3). Trees with more epiphyte cover also had
thicker epiphytes, and the correlation between trees
with more platforms and epiphyte thickness was
marginally significant (P = 0.07). Though
statistically significant, correlations show considerable
noise in the data. Similar results were seen when
comparing only among trees with platforms (Table
3).

DISCUSSION
Nest treesaredistinctive

Trees chosen by Marbled Murrelets for nesting can
often be distinguished from other trees in the
immediate vicinity in termsof their size, number of
platforms, and, to alesser extent, ageneral ranking
of epiphytecover and thickness. Usingacumulative
measure of significanceweighted by thesamplesize
of individual plots, nest trees were usualy
significantly different from neighboring treesinone
or more dimensions. Though not aways the
superlative tree among its neighbors, this study
shows that murrelets do tend to select distinctive
trees, based on size and platform number, from
among the canopy and platform-containing treesin

the immediate vicinity. In contrast to these
characteristics, and as found in previous studies
(Burger 2002), there does not appear to be strong
selection with respect to tree species.

The traditional habitat selection study design
whereby one compares used sites to unused or
available sites using logistic regression, or some
similar design, is complicated in studies of element
scale, i.e, nest site within patch, selection for
animals exhibiting low nest densities because a
patch will contain just one used site. By comparing
each nest tree to its immediate neighbors, and
applying a measure of cumulative significance
weighted by the sample size for each plot, we have
shown that selection for nest trees is nonrandom at
thisscale.

Inasimilar study of primarily high elevation nests
(range 688—1260 m; mean = 886 m) at DS, Manley
(1999) found evidence of selection for taller nest
treeswith greater DBH and moreplatforms. Manley
compared a pooled sample of nest treesto all other
trees measured, rather than the within-patch
comparison madein our study. Conroy et a. (2002)
also found that nest trees at CS had significantly
larger DBH than other potential trees that were
climbed, but nest trees did not differ in terms of
height or number of platforms, particularly in better
quality habitat. Conroy et a. (2002) used a sample
of five nest trees, and also used pooled samplesfor
comparisons. Three studies, including the present,
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using different methodologies, provide strong
evidence that nest trees consistently have larger
relative DBH than non-nest trees.

Selection has aso been observed at the patch level
for canopy height, DBH, and density of platform
trees (Silvergieter 2009), indicating that selection
for these variables may occur at both scales. Nest
successdid not vary with respect to habitat variables
at various scales (Silvergieter 2009). These results
may be used to help direct tree-climbing nest
searches, which can be very inefficient when
searching every potential platform tree (Conroy et
al. 2002). Treesthat aretaller have more platforms
and more epiphytes than neighboring trees within
the patch, are visually distinctive from the ground,
and arethemost likely to contain anest in occupied
patches.

One of the most striking resultsisthe height of nest
trees compared with neighboring trees. Nest trees
were often much taller than other available trees,
with an average difference amounting to 15% of the
total height at CS and 30% at DS. Nest trees were
also 8% (at CS) to 15% (at DS) taller than other
platform trees. Nest trees are not always the tallest
tree among their neighbors, but ~36% were, and
76% wereamong thetop fivetallest treesin apatch;
as a group they were significantly taller than the
average canopy height in the vicinity. Such
differenceswould bevisually distinguishablein the
aerial surveysand air photosthat are currently used
to rank nesting habitat quality in British Columbia
This information would significantly reduce the
number of probable nest treesin agiven patch. Nest
trees that are significantly taller than surrounding
trees likely offer murrelets easier access to the
canopy, as does canopy complexity or height
variability, known to be important factorsin patch-
scale habitat selection (Bahn and Newsom 2002,
Waterhouse et al. 2004, Hamer et al. 2008). Tal
nest trees may aso provide a distinct landmark to
aid commuting adults in locating the nest. In this
way, our understanding of selection at the patch
scale can help understand patterns observed at the
element scale.

Evidence of preference for epiphyte cover and
epiphytethicknessin nest treeswasweaker than for
other variables, possibly because of the categorical
nature of these variables. Because some degree of
epiphyte development is usualy necessary for
platform development, one may expect that while
the nest tree may have more epiphytes than other
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canopy trees, the difference may be much lesswhen
only platform trees are considered. Nonetheless,
morethan aquarter of the nest treesconsidered here
had significantly more epiphyte development than
other nearby platform trees. Variation in epiphyte
cover within the patch islikely due to tree species,
DBH, and proximity to small watercourses where
epiphytes often appear to be more abundant (M. P.
Silvergieter, personal observation).

Since DBH isroughly correlated with age, it is not
surprisingthat treesdistinctiveintermsof DBH also
tended to be taller and have thicker epiphytes.
Thicker epiphytes and platform abundance are
expected to show a positive correlation because
epiphytes are an important component of potential
nesting platforms.

Isthereapreferencefor treeswith more
platforms?

The difference in DBH between nest trees and
available trees observed in this study may be a
correlated function of platform availability in the
nest tree. Many studies have found that trees with
larger DBH have more platforms (Hamer 1995,
Naslund et a. 1995, Manley 1999), likely because
of tree age. In this study, nest trees that had
significantly larger DBH aso tended to have more
platforms when compared with neighboring trees.
Furthermore, many fewer nest trees showed a
significant differencein DBH when compared only
with neighboring trees containing platforms.

Although the nest tree is often considered a unit of
habitat selection, murrelets use only one platform
for nesting. Within the patch, murrelets may either
select trees with preferred characteristics, select
preferred nest platforms that happen to occur in
certain trees, or some combination of the two.
Previous studies (Manley 1999, Conroy et al. 2002)
have concluded that there was strong selection for
treeswith moreplatformsover other availabletrees.
However, no previous study has tested whether
murrelets actually prefer trees because they have
more platforms versus utilizing platforms without
respect to the number per tree. We looked for
evidence of disproportionate usage of platforms as
a function of their number per tree; if murrelets
prefer trees with more platforms, we should have
found a difference in the cumulative usage in nest
trees, versus availability of platforms in non-nest
trees, with respect to the number per tree. Treeswith
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fewer than, e.g., three or four platforms do appear
to be disproportionately avoided as nest trees (Fig.
1). However, wefound no overall statistical support
for apreferencefor using treeswith more platforms
beyond that expected from the number of platforms
per tree. The simplest interpretation of thisresult is
that murrelets chose particular platforms without
respect to the number per tree. It suggests, for
example, that two trees with five platforms each
would havethe same combined probability of being
used by nesting murrelets as a single tree with 10
platforms.

CONCLUSIONS

The contrast between nest and adjacent trees
suggests that individual trees within patches of
otherwiseless suitable habitat may be of significant
value to Marbled Murrelets. Murrelets usually
choose a nest tree with exaggerated characteristics
not well represented by the overal patch. Such
considerations may be most important at the edges
of the range of suitable habitat, such as high
elevation habitats where suitably large trees occur
at low dengities.

Bahn (1998) noted that most nest trees known at
that time had more than three platforms, and
suggested that potential nest treesbelimitedtothose
with at least that many platforms. In agreement with
this, Figure 1 also suggests that trees with three or
fewer platforms may be underutilized. On the other
hand, six nests (10%) inthisstudy did occur intrees
with three or fewer platforms, and at least two of
the 52 nest treesin Manley’ s (1999) study had three
or fewer platforms. Strict adoption of Bahn's
proposed criteria would exclude a non-negligible
portion of nest trees.

In British Columbia, techniques such as heli-
logging involve selective removal of larger veteran
treesfrom ol d-growth patchesthat arelessamenable
to normal clear-cut forestry operations. Such
distinctive trees may be of substantial value to
nesting Marbled Murrelets, and their removal may
have a disproportionate effect on the probability of
patch usage. The response to nest tree removal in
future years is unknown, and it is possible that
murrelets would simply choose among the next
largest trees. Burger et a. (2009) found that reuse
of the same nest tree was relatively common,
particularly at DS where habitat reduction is more
significant. Whether reuse was by the same pair or

Avian Conservation and Ecology 6(2): 3
http://www.ace-eco.org/vol 6/iss2/art3/

different individuals was not known. Based on our
results we infer that trees chosen by selective
logging are also more likely than other trees to
contain nests; therefore the impact of selective
logging is higher than would be expected if
murrel ets chose nest trees at random with respect to
size. The magnitude of that impact is at present not
well understood.

Current management of Marbled Murrelet nesting
does not identify potential individual nest trees,
focusing rather on identifying areas of suitable
habitat and maintaining patches of it within
landscapes. This study shows that nests are likely
in distinctive trees, often among the very largest,
within forest patches and thus the importance of
such trees should be emphasized within the criteria
for determining habitat quality. Distinctive trees
may or may not besufficient ontheir ownto provide
high quality habitat, but where present are perhaps
more likely to be selected for nesting than other
availabletrees. Preference for heterogeneousforest
patches with increased vertical canopy complexity
has been well established by other studies, and is
recognized in models for ranking habitat quality.
We now know that selection for larger nest trees at
the element scalelikely contributesto thisobserved
preference at the patch scale.

Responses to this article can be read online at:
http: //www.ace-eco.org/vol 6/iss2/art3/responses
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