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ABSTRACT—In 1991 and 1992, we located 14 tree nests of the marbled murrelet (Brachyramphus
marmoratus) on Naked, Kodiak, and Afognak islands, Alaska. All nests were in old-growth for-
ests on moss-covered platforms of western hemlock (Tsuga heterophylla; N = 2), mountain hem-
lock (T. mertensiana; N = 7), and Sitka spruce (Picea sitchensis; N = 5). Most nest trees were lo-
cated in large tree-size class and volume-class forests (the highest in the region). In addition,
21 trees were recorded where murrelets landed but where nests were not known to occur. The
diameters at breast height (dbh) of nest and “landing”’ trees were 30~104 cm and 35-118 cm,

respectively. Naked Island nest and landing trees were similar to each other. They were larger
in diameter, had more potential nest platforms, and had greater epiphyte cover than did the 9

closest upper-canopy trees adjacent to each. Nest trees were similar to those at more southern
latitudes in that they were old-growth conifers that contained large moss-covered platforms
with foliage shielding the nest from above. Sitka spruce possessed qualities that seem to be

important to nesting murrelets more frequently

than the other 2 conifer species. All 7 nests

where reproductive success was known failed due to nest abandonment, predation or unknown
causes. Reuse of landing trees, and nesting in a landing tree from the previous year, indicate
some degree of site fidelity. The proximity of nest sites on each island suggested clumped or

semi-colonial nesting.

Marbled murrelets (Brachyramphus marmora-
tuz) are unusual for their family because they
nest almost exclusively on large branches of
old-growth or mature coniferous trees (Quin-
lan and Hughes 1990; Singer et al. 1991; Hamer
and Nelson 1995a). They are also remarkable
because they nest solitarily or in small groups,
perhaps as far as 100 km inland (Carter and
Morrison 1992; T. E. Hamer, pers. comm.)

Characteristics of murrelet nests and nesting
habitat have been difficult to document. In
Alaska, most murrelets are distributed off-
shore of old-growth coniferous forests during
the breeding season, and a small percentage
are found offshore of treeless areas (Piatt and
Ford 1993; Piatt and Naslund, in press). Only 1
tree nest and 5 ground nests were documented
in Alaska prior to 1991 (Day et al. 1983, John-
ston and Carter 1985, Quinlan and Huynes
1990), although many tree nests have been

! Present address: US. Fish and Wildlife Service, Ma-
rine Mammals Management, 1011 E. Tudor Road, An-
chorage, AK 99503, USA.
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found in the southern portion of the murrelet’s
range (Binford et al. 1975, Singer et al. 1991,
1994, Hamer and Nelson 1995a, Jordan and

Hughes 1995, Kerns and Miller 1995, Manley
and Kelson 1995).

Marbled murrelets were directly and indi-
rectly impacted by the 1989 Exxon Valdez oil
spill in Prince William Sound, Alaska (Piatt et
al. 1990; Kuletz, in press). To assist restoration
efforts for the affected murrelet population,
murrelet nesting habitat needed to be identi-
fied. However, forest characteristics of coastal
Alaska differ substantially from more southern
regions (Viereck and Little 1972). This makes it
difficult to access habitat requirements of mur-
relets nesting in Alaska. Our objective was to
identify nesting habitat in the spill zone by lo-
cating nests and quantifying nest-site charac-
teristics. Here we report and discuss our find-
ings, and compare them to what is known
about murrelet nesting habitat in the southern
portion of the species’ range. We also discuss
reproductive outcome (success or failure) of the
nests we documented.
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FIGURE 1. Study area showing Naked, Afognak
and Kodiak islands, where marbled murrelet tree
nests were documented in 1991 and 1992.

METHODS
Study Area

We studied marbled murrelets during the breed-
ing seasons of 1991 and 1992 on Naked Island in
Prince William Sound, Alaska, and during 1992 on
Kodiak and Afognak islands, off the Alaska Penin-
sula (Fig. 1). All 3 islands have diverse habitats rang-
ing from old-growth coniferous forests to muskeg
meadows. Upland tundra and alpine-like commu-
nities occur on Kodiak and Afognak islands. Canopy
species on Naked Island are mountain hemlock (Tsu-
ga mertensiana), western hemlock (T. heterophylla), and
Sitka spruce (Picea sitchensis). On Kodiak and Afog-
nak islands, forests are comprised solely of Sitka
spruce. Blueberry (Vaccinium alaskensis), salmonberry
(Rubus spectabilis), devil’s club (Echinopanax horridus),
and rusty mensiesia (Menziesia ferruginea; Naked Is-
land only) dominate the understory of the islands.
U.S. Forest Service (1992) and Viereck et al. (1992) de-
scribed vegetation for this region.

Naked Island is forested to its summit, with peaks
up to 400 m. High mountainous peaks of 1300 m are
snow-covered year-round on Kodiak Island and
peaks reach 760 m on Afognak Island. Areas of Af-
ognak have been heavily logged (primarily clear cut)
since the mid-1970’s whereas Kodiak Island has been
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subjected to only small-scale logging (T. P. Gerlach,
pers. comm.). Naked Island remains uncut, with the
exception of a few trees that were recently cut during

a logging feasibility study.

Locating Nests

On Naked Island, we concentrated our search ef-
forts around 5 bays and 2 high-elevation stands {ca.
230-330 m) where murrelets were suspected to nest
(Kuletz et al. 1995b; unpubl. data). Nest-search ef-
forts on Kodiak and Afognak islands were done op-
portunistically in forested and non-forested habitat
while conducting other surveys of murrelet activity
(M. B. Cody and T. P. Gerlach, unpubl. data).

The primary method used to locate murrelet nests
on Naked Island was a ground-based search tech-
nique (Singer et al. 1991; Naslund 1993). This tech-
nique involves observing murrelet behavior in for-
ests during their pre-dawn activity period. We iden-
tified potential nest sites by locating trees where
murrelets exhibited flight behaviors (e.g., flights to or
from branches, multiple flights by a specific branch)
or calls (e.g., incubation exchange calls or short calls
made near a branch) associated with nesting. Ob-
servers were initially stationed around a group of
trees and observations were generally made over
several days, while progressively narrowing down
areas of activity. This allowed us to pinpoint trees on
which murrelets landed. Nest searches began 105-
120 min before official sunrise and lasted about 2 hr.
Nest searches were occasionally conducted around
dusk (beginning about 30 min prior to official sun-
set). In addition to visual observations of murrelets
flying below the forest canopy, we listened for mur-
relets landing in or leaving trees, or vocalizing from
or near branches. During nest searches we recorded
the following each time a murrelet(s) came to within
100 m of observers: time, number of murrelets, di-
rection and nearest distance relative to the observer,
behaviors, and vocalizations. Nests were confirmed
by visual observation from the ground, by viewing
the nest from an elevated vantage point in a nearby
tree, or by climbing the tree and documenting the
nest cup after nesting activity had ceased. A varia-
tion of the nest-search technique was used where ob-
servers conducting dawn surveys (Paton et al. 1990)
of murrelets were trained to distinguish behaviors
that indicated nesting (see above). VW hen these be-
haviors were recorded, the observer visually
searched possible nest trees from the ground for
signs of nesting. :

Nests were also located by climbing and searching
potential nest trees in areas where eggshell frag-
ments were found on the forest floor and in areas
with high levels of murrelet activity. On Naked Is-
land, we sometimes used night-viewing devices, vid-
eo cameras, and audio-recording equipment direct-
ed at restricted portions of forest stands. Tapes were



evaluated later for signs (flights or calls) of nesting
activity.

On Naked Island, most active nests were checked
about 1-7 days/wk to ascertain the status of the nest
and stage of breeding. In 1992, we periodically (1-8
times) checked 1991 nests and failed 1992 nests for
signs of nesting or re-nesting. Nest checks were
made from the ground and disturbance was mini-
mized. In 1992, we climbed 1 of the 1991 nest trees
to inspect the nest platform for signs of the prior
year's nesting effort. We examined murrelet eggshell
fragments found in or around nests for evidence of

predation, including holes pecked by birds or tooth
marks.

Characteristics of Nests and Nesting Habitat

Characteristics of nests, nest trees, and landing
trees were collected using previously developed
methods with some modifications (Singer et al. 1991,
Kuletz et al. 1994). In addition, we quantified cover
directly above nests by photographing the view up
from nest cups, then determining the percentage of
sky visible in each photograph.

In most cases, a circular (50-m radius) ‘general
vegetation plot’ was established around each nest (N
= 10) or landing (N = 12) tree and at forested sites
(N = 11) where nest searches were conducted but
nests were not found. In 2 instances, 2 adjacent land-
Ing or nest trees occurred within the same plot. The
following data were collected in each plot: (1) tree
species, diameter at breast height (dbh), vigor, top
condition, number of potential nest platforms, and
epiphyte (moss and lichen) cover on branches, for
nest and landing trees and the 9 upper-canopy trees
nearest them, (2) canopy closure (estimated visually)
and canopy height (measured with a clinometer), (3)
elevation, slope, and aspect, (4) presence and location
of fresh water, and, (5) distance to salt water. Data
from (1) were used for analyses of tree characteris-
tics, whereas data from (2) through (5) were used to
characterize habitat in the immediate vicinity of doc-
umented nest and landing trees. Vigor was classified
as live, declining, or dead (Maser and Trappe 1984).
Platforms were defined as any flat horizontal surface
= 15 cm in diameter (including moss) and > 10 m
above the ground. Epiphyte cover was categorized as
none, trace (< 1% cover), low (1-33%), moderate (34—
66%), or high (> 66%). Distance from salt water was
determined from aerial photos and topographic
maps. On Naked Island, we also recorded the pres-
ence or absence of epiphyte cover on platforms in 30
general vegetation plots and the degree of epiphyte
cover on each platform at 22 plots.

We also collected data in a ‘detailed vegetation
plot’ around each of 8 nest trees on Naked Island and
at 1 nesting area on nearby Storey Island. In these
plots, we recorded all trees = 10 cm dbh and all
snags in a 25-m radius circle (Singer et al. 1991). The

approximate area of contiguous forest around each
nest on Naked Island (i.e, the area that contained
only forest of tree-size and volume classes [m3/ha}
similar to the nest stand) was provided by the U.S.
Forest Service (USFS, Anchorage, Alaska, unpubl.
data; see Kuletz et al. 1995b).

Data Analyses

Possible differences between nest and landing tree
characteristics (dbh, number of platforms, epiphyte
cover) were examined. Data from general vegetation
plots were used for 4 analyses: (1) to determine dif-
ferences between trees used by murrelets and upper-
canopy trees around them, (2) to examine relation-
st ips between tree characteristics, (3) to evaluate dif-
ferences among tree species, and (4) to examine dif-
ferences among trees on the 3 islands. For analysis
(1), trees were grouped into 4 categories: nest trees,
the 9 upper-canopy trees adjacent to nest trees, land-
ing trees, and the 9 upper-canopy trees adjacent to
landing trees. This allowed us to examine which tree
characteristics murrelets might use as criteria for
choosing a specific tree from among a small group of
trees within a stand. We also examined each nest tree
relative to the trees around it using data from general
vegetation plots to further evaluate characteristics
murrelets might prefer in a given group of trees. We
analyzed data from general vegetation plots around
nest and landing trees on Naked Island separately
from Kodiak and Afognak islands because the 2 ar-
eas were quite different and because sample sizes for
Kodiak and Afognak were too small for many anal-
yses.

Data from detailed vegetation plots on Naked Is-
land were used to calculate basal area and frequency
of tree species around nest trees. To better under-
stand tree characteristics and how forest stands dif-
fered between the 2 areas, we combined all trees in
general vegetation plots at 26 forested sites (N = 260)
on Naked Island and at 12 sites (N = 117) on Kodiak
and Afognak islands.

To test for differences among means of continuous
variables (dbh, number of platforms), we computed
an F-statistic to test for equality of variances. We then
computed ¢-statistics when variances were equal and
approximate ¢-statistics when variances were un-
equal (TTEST, SAS Institute Inc. 1988b). We used Tu-
key-Kramer’s studentized range test to test for dif-
ferences among means of continuous variables
(GLM, SAS Institute Inc. 1988b). To test for relation-
ships between dbh and the number of platforms on
a tree, we used Pearson product-moment correlation
(CORR, SAS Institute Inc. 1988a). We used Pearson
chi-square statistic and Fisher’s exact test (when over
50% of cells had expected counts of <5; FREQ, SAS
Institute Inc. 1988b) to test for relationships between
categorical variables (epiphyte cover, tree species,
presence of moss, presence of a platform with mod-
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TABLE 1. Status of marbled murrelet tree nests found

(A13-A14) islands, Alaska, in 1991 and 1992.

on Naked (N1-N10), Kodiak (K11-K12), and Afognak

—__'—“_“_—_—
Nest D

es ate Date
no. found egg laid

Date chick
hatched Fate

e L ekt
N1

13 June 1991 <13 June 1991

N2 25 June 1991 <25 June 1991
N3 6 July 1991 ca. 15 June 1991
N4 26 July 1991 <9 July 1991
Nb5* 1 July 1991 unknown

N6 25 May 1992 ca. 25 May 1992

N7 20 July 1992 <17 July 1992
N8 S August 1992 <17 June 1992
N9* 6 August 1992 unknown

N10* 9 June 1991 unknown

K1l 17 August 1992 <5 June 1992
K12 17 August 1992 ca. 26 May 1992
Al3* 26 July 1992 unknown

Al4 6 August 1992 unknown

ca. 15 July 1991

<5 July 1992

failed during incubation (predation?)
failed during incubation

chick died ca. 7/17/91

failed during incubation (abandoned?)
unknown

failed during incubation (abandoned?)
abandoned during incubation

failed during incubation

unknown

unknown

chick hatched, fate unknown
unknown

unknown

unknown

* Tree with nest cup only. Pairs of birds were active at these sites but the stage or status of nests was not determined.

erate or heavy moss cover). The number of platforms
per tree was square-root transformed for analysis be-
cause these data were highly skewed.

RESULTS
Nests and Reproductive Success

We located 14 murrelet tree nests on Naked,
Kodiak, and Afognak islands (Table 1). Based
on behaviors (see below) observed at 7 nest
cups where nesting status was not known and
on the similarity of these nest cups to known
active nests (Singer et al. 1994, Grenier and
Nelson 1995, this study), we considered all nest
cups to have been active at some time. We also
documented a probable nest area on Storey Is-
land (adjacent to Naked Island) where a male
murrelet with a brood patch was killed by a
sharp-shinned hawk (Accipiter striatus; Marks
and Naslund 1994). The Storey Isiand nest was
not found.

All nests were situated on large moss- or
moss- and lichen-covered platforms in relative-
ly large (= 30 cm dbh) old-growth conifers (Ta-
ble 2). The 10 nests on Naked Island were lo-
cated in 5 different stands (Table 2). Two nest
trees (2 and 4) were about 10 m apart and 2 oth-
ers (11 and 12) were within 50 m of each other.
Nest cups contained intact or broken eggs or
eggshell fragments, droppings, or apparently
natural accumulations of debris (pieces of moss
and lichen, needles, bark flakes, and decom-
posing twigs; Table 3). Nests were located
throughout the live crowns of trees (Table 2).
The only exception was a nest (10), which was

located at the top of a broken tree bole where 5
branches had grown upwards, forming a wide
platform at their base. Each nest platform sup-
ported a moderate-to-heavy growth of epi-
phyte cover. Nest substrate included Antitrichia
curtipendula, Dicrinum sp., Sphaerophorus globo-
sus, and Ptilidium sp. Dicranum fuscescens, Alec-
toria sarmentosa, Bryoria sp., Hypogymnia sp.,
Cladonia sp., Lobaria sp., Parmelia saxatilis, Peltig-
era aphthosa, and Platismatia norvegica occurred
elsewhere on nest and landing trees. Cover
above 8 nests was 81-95% (Table 3).

There was no indication that 1991 nests were
reused in 1992, although nest checks were not
made frequently enough to exclude the possi-
bility that murrelets nested and failed between
visits. Furthermore, there was no evidence of
re-nesting at failed 1992 nests. In 1992, there
was no sign of a nest cup depression, drop-
pings, or eggshell fragments at nest 3 (that had
been active in 1991).

Murrelets were in the incubation stage of
nesting at 6 sites when discovered (nests 1, 2,
3,6, 7,8; Table 1). One nest (4) was confirmed

~ after it had been abandoned and the egg was

still present. At 7 sites, pairs of birds were ac-
tive, but the stage of nesting was not deter-
mined. At 6 of these nests (nests 5, 10, 11, 12,
13, 14), murrelets landed, displayed, or copu-
lated on a branch where a nest cup was later
documented. The contents (e.g., eggshell frag-
ments, yolk) of 2 of these nests confirmed nest-
ing activity (Table 3). Murrelets displayed typ-
ical flight behaviors associated with nesting in
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TABLE 4. Characteristics of nest trees and the 9 closest upper-canopy trees around them (N other), and

landing trees and the 9 closest upper-canopy trees around them (L other), on Naked, Kodiak, and Afognak
islands, Alaska, in 1992,

___-.___'_-—_-—_—_—_——__—_

Moderate/ IM‘;“Y b
land i r atform
Is and dbh (cm) No. platforms high cove P
tree category £ * SE N £ * SE N (%) N (%) N
———— Ny e
Naked
Nest trees 54 £ 45 9 8+ 1.3 9 100* 9 100** 6
N other 47+19 8 408 81 54* 81 41** 54
Landing trees 72095 8 8 * 1.4+ 8 63 8 67 6
L other 49 £ 1.6 72 4 * 0.5+ 72 39 72 48 54
Kodiak & Afognak
Nest trees 65 1 18 1 100 1
N other 67 + 4.4 9 17 £ 2.7 9 89 9
Landing trees 66 + 9.7 4 8 +1.5 4 75 4
6 6

L other 60 * 2:7 36 10+ 1.8 3 56 3
* Moderate /hi

gh cover = trees with Z34% epiphyte cover on branches.
b Mossy plat

form = at least one platform with moderate or heavy epiphyte cover was present.

*p <008, **p < 0.01.

the vicinity of 1 nest tree (nest 9), but were not
seen on or around the nest branch.

Two nests reached the chick stage. The nest-
ling disappeared when only a few days old at
1 nest and the fate of the other nestling was un-
known. All nests where reproductive success
was known (N = 7) failed (Table 1). Circum-
stantial evidence (eggshell fragments with
holes believed to have been made by Steller’s
jays [Cyanocitta stelleri]) suggest that predation
was a factor in nest failure. However, it ap-
peared that in at least 2 cases, Steller’s jays may

have gained access to eggs after nests had al-
ready been abandoned.

Landing Platforms

We documented 21 trees (9, 6, and 6 on Na-
ked, Kodiak, and Afognak islands, respective-
ly) where murrelets landed on branches but
where no nests were found. Fifteen of these
trees were not climbed, although flight behav-
lors and calls at some indicated that they may
have contained nests. Nests were not found in
the other 6. However, 4 of these 6 had potential
nest platforms that were impossible to view or
trees were not climbed until the year following
their discovery, when nest cups may no longer
have been visible (see above). All landing trees
on Naked Island and 6 on Kodiak Island were
located within 200 m of a known nest tree.

Landing platforms were located throughout
the live crowns of healthy (N = 10) and declin-
ing (N = 9) trees (no data for 2 trees) and the
majority supported moderate or heavy epi-

phyte cover. The diameters of 3 landing plat-
forms were 14, 24, and 72 cm. At least 4 landing
platforms were used repeatedly and in consec-
utive years, including 1 that was used in 1991
and subsequently supported a nest in 1992
(nest 6). One landing platform contained a
slight depression and worn spot in 1992. Mur-
relets were active on this branch during both
1991 and 1992, and the depression may have in-
dicated a nesting attempt.

Characteristics of Trees Used on Naked Island

Most nest trees were approximately 5-10 m
shorter than the surrounding canopy, whereas
3 nest trees were among the tallest trees in the
surrounding canopy. Nest and landing trees
did not differ with respect to dbh (¢t = 1.309, df
= 11.2, p = 0.217), number of platforms (¢ =
—0.324, df = 16, p = 0.750), epiphyte cover (2
= 3.600, p = 0.300), or species (x2 = 0.693, p =
1.000). Although nest and landing trees tended
to be larger in diameter than the other upper-
canopy trees around them, differences were not
significant (¢t = -1.197, df = 88, p = 0.235 for
nest plots; t = ~2.118, df = 7.4, p = 0.070 for
landing plots; Table 4). Comparable trends oc-
curred within individual plots. Seven of 9 nest
trees and 6 of 8 landing trees were larger in di-
ameter than the mean dbh of the 9 closest up-
per-canopy trees in each general vegetation
plot (Fig. 2). When compared with all trees =
10 cm dbh measured in detailed vegetation
plots around nests (N = 8), 50%, 75%, and 100%
of nest trees had diameters in the upper 5, 10,




DBH (CM)

FIGURE 2. Diameter at breast height (dbh) of nest
trees relative to the mean dbh of the 9 closest upper-
canopy trees (other) around each at general vegeta-

tion plots on Naked (nests 1-10) and Kodiak (nest 12)

islands. Means (open circles) * standard deviations
(boxes) and ranges (lines) are shown.

and 25 percentiles, respectively. Core samples
at nests 2 and 4 showed that these nest trees
were about 424 and 495 years old, respectively.
Core samples from other forested areas on Na-
ked Island indicated that most trees = 30 cm
dbh were 2200 years old (U. S. Forest Service,
Anchorage, Alaska, unpubl. data).

Nest and landing trees had more platforms
than surrounding trees (t = —2.219, df = 88, 4
= 0.029 for rest plots; t = —2.867, df = 78, p=
0.005 for landing plots; Table 4). Within indi-
vidual plots, 7 of 9 nest trees and 6 of 8 landing
trees had more platforms than the mean value
of the 9 closest upper-canopy trees around
them (Fig. 3). Nest trees had higher levels of ep-
iphyte cover than the trees around them (x2 =
7.193, df = 3, p = 0.037; Table 4) High levels of
epiphyte cover occurred more frequently and
low levels occurred less frequently than ex-
pected on nest trees; this accounted for 90% of
the chi-square value. Landing trees followed a
similar trend but this was not significant (x2 =
3.048, df = 3, p = 0.379; Table 4). When com-
pared with nearby upper-canopy trees, nest
trees were more likely to contain at least 1 plat-
form with moderate or heavy epiphyte cover
(x* = 7.619, df = 1, p = 0.008; Table 4). This
tendency did not hold for landing trees (x2 =
0.741,df = 1, p = 0.671). Of the 3 conifer species
available, mountain hemlocks were most fre-
quently used as nest and landing trees, but this
was different only for landing trees (x2 = 2.703,
p = 0.345 for nest trees; x2 = 9.508, p = 0.009
for landing trees).
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ative to the number of platforms on the 9 closest up-
per-canopy trees (other) around each at general veg-
etation plots on Naked (nests 1-10) and Kodiak (nest
12) islands. Means (open circles) * standard devia-
tions (boxes) and ranges (lines) are shown.

Characteristics of Trees Used on Kodiak and
Afognak Islands

The surrounding canopy was about 2-6 m
taller than 2 of the 4 Kodiak and Afognak is-
land nest trees, but 2 nest trees were among the
tallest in the area. Nest trees were relatively
large in diameter (Table 2), contained a high
number of plaiforms (range = 8-26), and had
moderate or high epiphyte cover (N = 3, no
data for 1 tree). Similarly, landing trees (N = 9)
were 22-96 cm dbh, had 5-25 platforms, and 7
trees supported moderate or high epiphyte

cover. Landing trees were not different from
the trees around them with regards to dbh (¢t =

=0.551, df = 38, p = 0.531), number of plat-
forms (t = —0.039, df = 38, p = 0.969), or epi-
phyte cover (x° = 1.310, df = 3, p = 0.735; Table
4). Landing trees used by murrelets were larger
than the mean dbh of surrounding trees at all
sites where general vegetation plots were con-
ducted (N = 4).

Nest trees on Kodiak and Afognak islands
were larger (t = 2.968, df = 12, p = 0.012) and
had more platforms (t = 3.222, df = 12, p =
0.007) tharn Naked Island nest trees (Table 5).
Characteristics of landing trees on the 3 islands
exhibited similar differences between island
groups, but these differences were not signifi-
cant (all p > 0.05).

Assoctation of Tree Characteristics

The number of platforms on trees was posi-
tively correlated with dbh (r = 0.686, p =
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TABLE 5. Tree characteristics of nest and landing trees, on Naked, Kodiak, and Afognak islands, Alaska,

in 1992,
_-_—__——-_-——__..._———____
Moderate/
orms high cover®
Tree category dbh No. platf gh
and island 2 (cm) + SE N £+ SE N (%) N
__mm
Nest trees
Naked 54 *+ 4.1 10 7 ¥X1.3* 10 100 10
Kodiak & Afognak 81 + 10.2¢ 4 17 * 3.5* 4 100 3
Landing trees
Naked 67 £+ 85 10 7*13 10 67 9

Kodiak & AfEak 74 * 6.9 6 1529 6 100 6

* Moderate/high cover = trees with 234% epiphyte cover on branches.

‘p <008, *p <001.

0.0001 for Naked Island; r = 0.452, p = 0.0001
for Kodiak and Afognak islands; Fig. 4). The
minimum dbh associated with a tree having at
least 1 platform was 29 to 37 cm, therefore old-
growth (see above), depending on island (Fig.
4). On Naked Island, mean dbh of trees with
moderate (2 = 59 cm) and high (£ = 54 ¢cm) ep-
iphyte cover was higher than trees with low or
trace (£ = 42 cm) and no (£ = 40 cm) epiphyte
cover, but these differences were not significant
(df = 254, p > 0.05). On Kodiak and Afognak
islands, mean dbh of trees with moderate (2 =
65 cm), low (£ = 64), and high (£ = 61 cm) ep-
iphyte cover was higher than trees with trace
(2 = 48 ~m) epiphyte cover (df = 113, p < 0.05).

Differences Between Tree Species on Naked Island

Tree characteristics varied among species

(Table 6). Sitka spruce typically had the highest
epiphyte cover (x? = 30.894, df = 6, p <0.0001)

NO. PLATFORMS

. FIGURE 4. Number of platforms versus dbh of 260
trees measured in 26 general vegetation plots on Na-
ked Island, in 1992. Pearson’s r = 0.686, p = 0.0001.

and greatest number of platforms (df = 254, p
< 0.05), followed by mountain hemlock and
western hemlock. Of upper-canopy trees for
which the presence or absence of moss on plat-
forms was recorded (N = 197), the mean per-
cent of platforms with moss per tree was 84%,
90%, and 92% for mountain hemlock, western
hemlock, and Sitka spruce, respectively. How-
ever, of 122 trees for which the degree of epi-
phyte cover (none, trace, low, moderate, heavy)
was recorded for each platform, the presence of
1 or more platforms with moderate or heavy
epiphyte cover differed significantly among
species (x? = 15.419, df = 2, p <0.0001; Table
6). Sitka spruce had more platforms and west-
ern hemlock had fewer platforms with moder-
ate or heavy cover than expected, comprising
98% of the Chi-square value. Mean dbh of trees
with or without such a platform did not differ
for all species combined (t = -0.975, df = 120,
p = 0.332) or within each species (t = —1.256,
df = 50, p = 0.215 for mountain hemlock, t =
—0.078, df = 41, p = 0.938 for western hemlock,
t = —0.003, df = 25, p = 0.998 for Sitka spruce).

Mean dbh of all upper-canopy trees did not
differ significantly among species (df = 254, p
> 0.05; Table 6). However, when including all
trees with dbh = 10 cm (from detailed vege-
tation plots), Sitka spruce had the largest mean

dbh at 4 of 8 nest sites on Naked and Storey is-
lands (Table 7).

Habitat Features of Stands Containing Nest and
Landing Trees

All trees used by murrelets on Naked Island
were located in large tree-size class (> 28 cm

dbh) and high-volume class (18835649 m?3/ ha)
hemlock-spruce forests. Sizes of contiguous




21

. .ELET 1 .EE NESTS IN AIASKA

.U

1oL Uiwil B aLL:

4|1ldp1||-l' -l--i' o il

Le-so)s'1 =
(4 22N 3 B
(yi-0o01Z1 ¥

'€ * 9¢
€ Ze = 1€
(€£-92)8S = ¥

(38uwm) gs T 7
(M) yqp
USIA]

001
SI¥) 11311
Z1-0)S1 =T
(TT-2) 91 = 91
. (SS-8) LS = LE
(€9—S1) S = SE

(38uel) 35 x ¥
(%)
eale [eseq
Jayeay

001 (68-PC) ¥ 9 = 29 (0L01-16€) 1°'26 + 6¥9 [MOL
(81-9) 81 F 11 (01-1) 0’1 = £ (Z602) 88 = #9 Svug
(90)80 1 (8001 + 1 (sT0)9¢€ <9 pfe TS
(62-%) 9 = ¥1 (S1-9) €1 = 01 (8E102) T4l = 98 aonuds v
(19-6) €S + £ (EE-2) 0E = I (90€-48) £9C + 912 NI01UINY VIRIUNOPN
(12-¥) 69 F LE (L5-6) 6S ¥ ¥T (€69-S1) S08 QL2 AOONLMN] LIS
(38uea) 45 ¥ ¥ (28ues) 36 + (38uea) gs x sanadg
(%) (ey/w) (ey/-ou)
Aysuap vale [esvq Aysuay
dane[y

'T6H61 PUR 1661 Ul ‘BXSelY ‘pue|s] A3J0)G U0 BAIR S | PUR ‘pUnis] pIYeN

UO $33J) 1S3U J3[a1INW pI[QIRW g U0 patajudd (g = N) s10]d snipes wi-gz ut (Yqp) 1ySiay iseaiq je 1aawerp wd o[ = $33d} JO vaIR [eseq pue Ayisuag 2 TAVL

=iy

‘10000 > 4,

uIsdid sem 12400 234ydida Lavay 30 viapow Yim uiowyd 2u0 Jeeat 19 = (JK) WwIoned Leeoyy .
SAPURIQ U0 12400 NAYdIA? 2 pg2 PIM 6335 = Zaac0 Yiinyg / eIpoNy o

‘600 = d 1ARNPO Y2 W} U P APUEdHIUSIS JOU 13} Jwes YIIm siaqunu 3539 afues parnuapns sawery-Aam]

¢ STFSS LT «£6 49 VA &S 'l =49 ZS 2T+ plS 4" 174 2onuds wIg
0f 0T %8S TS 89 bOT  0S YOI SO0 FoF VOl 91 + p0S 01  OF PO[UIY UTUNON
0 S15¥S 3 2NN, POI  9¢ WOL €0 F of POL 21 * pi¥ YU  OF YOOI UINSHA
N 3dss(uw)r N (%) N (%) N IS = ¥ N 3Fsz(w)r N (%) saadg
dJN M suLroyerd q#A00 Y3y eSULIO)IEId "ON «4qP uonisodwo)
yqp Assopy /3Yel3po

(s101d uonjeaBaa [e13uaB Ut $3313 U0 paseq) Ze6L Ul ‘DSe[Y ‘PuUe[S] PINEN U0 SIIJTUOD jo saads aany) jo sonsudPEINP 3311 ‘9 TIAVL



T T S R " N N N I T S R

| TABLE 8. Habitat characteristics of marbled murrelet nest trees and stands found on Naked (N1-N10), Ko-
diak (K11-K12), and Afognak (A13-A14) islands, Alaska, in 1991 and 1992.
i e EEEEE—_ | R R R IR R R RN ISR=.

Stand
Tree Nearest Near- Contigu-

Nearest Nearest Approx. salt- est Approx. Canopy ous
Nest saltwater creek elev. water creek . elev. Slope closure forest
no. (m) (m) (m) (m)  (m) (m) Aspect (%) (ha) area (ha)
N1 375 150 115 20 1 30-180 WNW 65 70 17.5
N2 250 200 100 10 Qe 1-150 NW 60 75 62.6
N3 375 325 75 200 0 30-180 WNW 70 85 17.5
N4 250 200 100 10 O 1-150 NW 60 75 62.6
N5 510 100 200 o* 30-200 w 84 40 62.6
Né 280 5 75 200 o* 30-200 WNW 70 70 17.5
N7 105 75 70 0 o4 0-100 NW 84 75 60.7
N8 725 2 105 590 o+ 120-150 WSw 47 60 3.6
N9 1040 10 260 920 O 230-330 SSW 100 60 4.2
N10 620 10 100 590 O 120-150 WSW 47 60 3.6
K11 800 30 65 0 0s 65 ENE 40
K12 800 35 65 0 0* 65 N 40
Al3 1200 50 80 0 o 80 WNW
Al4d 400 1 30 0 04 30 w

* Creek runs through stand.

forest stands were 3.6-62.6 ha on Naked Island
(Table 7). Similar data are not currently avail-
able for Kodiak and Afognak islands, though
contiguous forest stands tend to be larger on
these islands (pers. obs.). All nest stands con-
tained creeks and most were near muskeg
ponds (Table 8). Slopes were generally gradual
or moderate, but were occasionaily steep (0-
100%; Table 8). Nest stands were located at
heads of bays on slopes with aspects that tend-
ed to face towards the west (Table 8). On Naked
Island, this distribution coincided with many
of the available old-growth stands and much of
our effort. However, this was not the case for
Kodiak and Afognak islands where effort and
old-growth habitat were more evenly distrib-
uted

On Naked and Storey islands, tree coverage
in nest stands (basal area) was 34-89 m?/ha
(Table 7). On average, hemlock species had sim-
ilar high densities and basal areas, with Sitka
spruce and snags comprising a smaller com-
ponent of the landscape (Table 7). However,
density and basal area of each conifer species
at individual plots were extremely variable (Ta-
ble 7). Mountain hemlock was the dominant
species at 6 sites (nests 2, 4, 6, 7, 9, and nesting
area), whereas western hemlock was the dom-
Inant species at 3 sites (nests 1, 3, 8). Dominant
conifer species sometimes varied around nest
trees within the same contiguous forest area

(ie, nests 1, 3, and 6). Stands dominated by
western hemlock occurred at low to moderate
elevations (30-180 m), and mountain hemlock-
dominant stands occurred at a wide range of
elevations (0-330 m). Sitka spruce and snags
were important components at all sites (relative
coverage of 7-22% and 4-15%, respectively; Ta-
ble 7). Patches of Sitka alder (Alnus crispa sinu-
ata) occurred at 3 sites.

On Kodiak and Afognak islands, where all
conifers were Sitka spruce, dbh of trees aver-
aged 11 cm greater than those on Naked Island.
Similarly, Kodiak and Afognak island trees had
almost 3X as many platforms and greater epi-
phyte cover than trees on Naked Island.

DISCUSSION

The 14 marbled murrelet tree nests on Na-
ked, Kodiak, and Afognak islands comprise
most of the tree nests (N = 17) found in Alaska
through 1992. Furthermore, the 10 nests on Na-
ked Island represent a relatively large sample
of murrelet nests in a small area and approach
a meaningful sample size for identification of
suitable tree-nesting habitat in southcentral
Alaska.

Nest trees on the 3 islands shared several
characteristics with nest trees in other regions
(Hamer and Nelson 1995a). Trees were rela-
tively large, old conifers that contained broad
moss-covered platforms. Furthermore, it ap-
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pears that tree structure (e.g, presence of a plat-
form) is of greater importance than the actual
size (dbh) of trees, as has been found elsewhere
(Hamer 1995, Hamer and Nelson 1995). Nearby
branches typically afforded cover above nests,
thereby providing some degree of protection
from inclement weather. These branches may
also help murrelets avoid being detected by ae-
rial predators (see also Nelson and Hamer
1995b). Sitka spruce trees more frequently pos-
sess characteristics that are important to nest-
ing murrelets, including high epiphyte cover
and many platforms with thick moss. In Wash-
ington State, Sitka spruce was also found to be
the conifer species most likely to have charac-
teristics suitable for nesting (Hamer 1995). Sit-
ka spruce is the least-common conifer on Na-
ked Island and this may partially account for
its apparent rareness as a documented nest
tree. Other factors that may be important for
nesting (e.g., foliage around the sides of nests)
require further investigation.

Old-growth coniferous forests are an impor-
tant habitat for marbled murrelets nesting in
Alaska, as is true elsewhere in the murrelets’
range (Ralph et al. 1995a). Nest trees on the 3
islands we studied were similar in size to the 3
other known tree nests in Alaska (120 cm dbh,
Baranof Island, Quinlan and Hughes 1990; 74
cm dbh, Prince of Wales Island, M. Brown, pers.
comm.; 64 cm dbh, Prince William Sound, D.
Youkey, pers. comm.). Yet nest trees in Alaska
were generally smaller than trees used in the
southern portion of the murrelet’s range (i.e.,
south of Alaska), and basal area in nest stands
was noticeably less. For example, nest trees in
British Columbia south through California
ranged from about 88 to 530 cm dbh, and basal
area around nests was 3-9X higher than that
found in our study (Singer et al. 1991, 1995;
Hamer and Nelson 1995a). However, Naked Is-
land nests were in the highest tree-volume and
tree-size class forests in the study area, and
among the highest in Prince William Sound
(USFS, Anchorage , Alaska, unpubl. data).

Habitat characteristics at murrelet nests in
southcentral Alaska corroborate results of oth-
er studies examining murrelet habitat use. Ku-
letz et al. (1995b) found that high levels of mur-
relet activity and nesting behavior were asso-
clated with high tree-size class forests in the
Naked Island area. Similarly, high activity lev-
els in western Prince William Sound were as-
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sociated with forests where trees had more
than 1 potential nest platform (Kuletz et al.
1994). In Washington State, characteristics of
habitat where murrelets exhibited high levels
of activity or nesting behavior included low-el-
evation (< 1067 m) old-growth forest, with rel-
atively large trees and many potential nest
platforms (Hamer 1995). Creeks or streams are
common components in nesting habitat, and
may serve as important flight corridors to nest
sites (Hamer and Nelson 1995a, this study).

In the Pacific Northwest, the average nest-
stand size was 206 ha (Hamer and Nelson
1995a). Paton and Ralph (1990) suggested a re-
lationship between murrelet activity and stand
size of inland sites in California, with the high-
est activity levels associated with stands = 250
ha. This is in contrast to the relatively small
stands of contiguous forest used by nesting
murrelets on Naked Island. Murrelet use prob-
ably reflects features of the available habitat.
For example, on Naked Island, small patches of
high tree-size and volume-class forests are in-
termixed with areas of open muskeg as well as
low tree-size and volume-class forests. There-
fore, large contiguous stands are not generally
available to murrelets on Naked Island.

Although all nests found in this study were
on thick moss, nests on bare branches with lay-
ers of accumulated debris have been found
elsewhere in the murrelet’s range (Hamer and
Nelson 1995a). This difference may be due to
our limited sample size and that debris may not
readily accumulate on platforms in Alaska due
to harsh winter weather. Potential nest plat-
forms without moss cover are common com-
ponents of the forest structure in the study area
(unpubl. data). Therefore, the use of moss-cov-
ered platforms may reflect a difference in
murrelet nesting preferences in southcentral
Alaska. In this area, breeding-season weather
may include prolonged periods of torrential
rain, strong winds (20+ knots), and near-freez-
ing temperatures. Protection from inclement
weather may be critical for egg and nestling
survival. Nest insulation can be important for
maintaining suitable nest temperatures during
low ambient temperatures (Zann and Rossetto
1991). Thick moss cover may provide an im-
portant microclimate for eggs and nestlings by
providing insulation and allowing only mini-
mal accumulation of standing water. This may

be particularly important to young nestlings,
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which are typically left alone when only a few
days old (Naslund 1993, Nelson and Hamer
1995a, Nelson and Peck 1995). Nest stands
tended to face westward, thus minimizing ex-
posure to prevailing weather systems, which
further suggests that weather influences nest-
site selection. Variable placement of murrelet
nests within the canopy may also help maxi-
mize their protection from inclement weather.
Positioning nests within the tree crown to max-
imize heat retention (in cold weather) or loss
(in hot weather), or to minimize exposure to
predators has been documented for other spe-
cies, and may vary with nesting experience
(Marzluff 1988; Zann and Rossetto 1991).

Our observations of murrelets using the
same trees for landing or nesting in consecu-
tive years suggests that murrelets exhibit some
degree of site (or area) fidelity (also see Nelson
and Peck 1995; Singer et al. 1995). Many alcids
have high nest-site fidelity (Tuck 1960; Kuletz
1983; Murray et al. 1983; Nettleship and Birk-
head 1985; Harris and Wanless 1989). The close

proximity of landing and nest trees, and the 2
pairs of nests within 50 m of each other (nests
2 and 4, 11 and 12), supports other observations
that murrelets may nest in groups within forest
stands (Nelson and Peck 1995; T. Hamer, un-
publ. data). However, on Naked Island, the tim-
ing of 1 nest pair (nests 2 and 4) implies that it
may have been a 2nd nesting attempt by the
same birds, rather than 2 pairs nesting in ad-
jacent trees.

Marbled murrelets appeared to have low re-
productive success on Naked Island, where at
least 70% of the nests failed. This may partly
reflect small sample size and may be biased be-
cause nests that are easiest to find may not be
optimal nest sites. For example, a site with less
foliage around the nest may be easier for ob-
servers to see and may also be more exposed to
predators or inclement weather (see Nelson
and Hamer 1995b). However, the general vicin-
ities of nests were usually located first by
sound, rather than visually, and the view of
most nests was at least partially obscured from
the ground. Low reproductive success was cor-
roborated by the observation of relatively few
juvenile murrelets around Naked Island during
1989-1991 and during mid-August 1992 (Ku-
letz et al. 1994; Kuletz, in press). This low num-
ber of juveniles may have been influenced by
the Exxon Valdez oil spill or may reflect poor

foraging conditions in Prince William Sound
(Kuletz, in press; Piatt and Naslund 1995).

Predation appeared to be a factor in the re-
productive success of murrelets in southcentral
Alaska, as it is in other regions (Singer et al.
1991, Nelson and Hamer 1995b). Our presence
around nests may have contributed to nesting
failure, although our presence was minimal at
2 failed nests (i.e, 1 visit to the area of nest 4, 3
pre-dawn surveys > 50 m from nest 8 when it
was active), and nest 3 failed during a period
when personnel were off the island for several
days. Abandonment by some pairs on Naked
Island suggests that the high failure rate that
we observed may reflect poor environmental
conditions during 1991 and 1992. Other sea-
birds, including some alcids, abandon nests
during years of adverse environmental condi-
tions (e.g., poor food supply; Ainley and Boe-
ketheide 1990). Evidence indicates a large-scale
change in forage fish populations in the Gulf of
Alaska that appears to have negatively affected
productivity and populations of higher verte-
brates that depend on them (Piatt and Ander-
son, in press; Piatt and Naslund 1995). Further-
more, the Exxon Valdez oil spill may have im-
pacted forage fish populations in Prince Wil-
liam Sound (Kuletz, in press).

Components of old-growth forest appear to
unite murrelet tree nests throughout the spe-
cies’ range. Forests in southcentral Alaska were
generally comprised of trees that are smaller
than those at more southern latitudes, yet nest-
tree characteristics were similar between the 2
regions. It is evident that tree size alone does
not predict the suitability of a nest tree and that
a suite of tree characteristics (e.g., age, size, spe-
cies, presence of platforms, epiphyte cover) and
physiographic features (e.g, aspect, exposure)
should be considered when evaluating poten-
tial nesting habitat for murrelets. Further com-
parison of nest-tree characteristics between
tree species and geographical location may
provide additional insight into murrelet habi-
tat requirements. An evaluation of predator
populations, habitat characteristics, and their
effect on reproductive success will also be im-

portant for determining key attributes of mur-
relet nesting habitat.
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