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COMPARISON OF COASTAL FRINGE AND INTERIOR FORESTS AS RESERVES FOR
MARBLED MURRELETS ON VANCOUVER ISLAND!
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Abstract. Much of the protected habitat available
to the threatened Marbled Murrelet Brachyramphus
marmoratus and other old-growth associated species
in the Pacific Northwest is in narrow strips along the
coast (e.g., parks and scenic fringes). Using data over
two years from three watersheds on southwest Van-
couver Island, we show that such shoreline strip forests
represent suboptimal habitat for murrelets. Murrelet
detections, including circling and subcanopy behav-
iors, were significantly lower at 30 coastal stations
(20-250 m from the shoreline edge) than at 30 interior
stations (1.5-21.0 km inland). Densities of predators
were significantly higher at the coastal stations. The
coastal trees were of similar mean height and diameter,
but they had lower structural diversity and provided
fewer and less suitable (thinner epiphyte cover on large
boughs) nesting platforms than trees in the interior.
When possible, reserves for Marbled Murrelets should
be placed in interior and not shoreline forests.

Key words: Brachyramphus marmoratus, coastal
Jorests, Marbled Murrelet, nesting, Vancouver Island.

Many parks and other protected areas along the coast
of the Pacific Northwest consist of narrow strips of
old-growth forest bordering the ocean. These strips
serve as recreation areas and “‘scenic fringes” in areas
frequented by tourists, or protect sensitive shoreline
areas and fish spawning sites when clearcut logging
occurs. Such strips of forest are usually included in the
inventory of habitat available for the Marbled Murrelet
Brachyramphus marmoratus, and other old-growth as-
sociated species. There is evidence from the Queen
Charlotte Islands (Rodway et al. 1991), Vancouver Is-
land (Rodway and Regehr 1999), and Washington state
(Hamer 1995) that shoreline fringe forests might not
provide optimal nest habitats for murrelets. In this pa-
per we specifically address this issue by comparing
murrelet detection rates, habitat measures, and densi-
ties of predators at shoreline and interior sites in three
watersheds on Vancouver Island.

Marbled Murrelets are listed as threatened through
most of their range in the Pacific Northwest, apart from
Alaska (Ralph et al. 1995). Loss of nesting habitat
through logging of old-growth forest is the greatest
threat (Ralph et al. 1995, Nelson 1997), but increased
predation at nests, due to edge-etfects created by clear-
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cut logging, is an additional problem (Nelson and
Hamer 1995, Manley 1999). At sea, oil pollution, gill
nets, and aquaculture pose problems for murrelets
(Ralph et al. 1995). The high economic value of the
forests in which murrelets nest ensures conflicts be-
tween conservation and timber extraction priorities. In
both Canada and the U.S., there are procedures for
protecting the murrelet’s nesting habitat, but it is crit-
ically important that the protected areas meet the mur-
relet’s nesting habitat requirements and do not have
unusually high densities of predators. Our study there-
fore focused on the adequacy of shoreline strip forests
as reserves for murrelets. Conservation efforts ade-
quately addressing the murrelet’s complex and spa-
cious habitat requirements usually benefit other old-
growth associated species.

METHODS

Our study area on southwestern Vancouver Island,
British Columbia, included large tracts of coniferous
old-growth forest which support one of the largest pop-
ulations of Marbled Murrelets south of Alaska (Burger
1995). Coastal observation stations were paired, with
one station 20 m and another 250 m from the shoreline
forest edge, and each pair spaced at least 0.5 km apart
along the coast. Two observers sampled murrelet ac-
tivities at each pair of stations on the same morning.
Interior stations were selected to represent a range of
habitat types and distances from the coast. In 1998 we
compared 14 coastal stations (7 pairs) with 14 interior
stations (7-21 km inland) in the abutting Carmanah
and Walbran watersheds. In 1999 we compared 16
coastal stations (8 pairs) with 16 interior stations (1.5—
10 km inland) in the Klanawa watershed and the ad-
jacent shoreline. Each of the 30 survey stations was
sampled three times in a single season, at intervals
>14 days, within the core of the breeding season (mid-
May through mid-July). To test for annual variations
in detections, we repeated the three surveys at the 14
interior Carmanah-Walbran stations in 1999.

To determine the presence and relative densities of
Marbled Murrelets in forests, we followed the Pacific
Seabird Group Inland Protocol (Ralph et al. 1994),
modified for British Columbia (RIC 1997). The num-
ber of visual and auditory detections (Paton 1995) of
murrelets was recorded during 2-hr surveys spanning
sunrise. Some detections of murrelets (e.g., subcanopy
and circling flights) were classified as “occupied be-
haviors” associated with nesting and near-nest behav-
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ior (Paton 1995). Detections were recorded by trained
and experienced observers using tape recorders, tran-
scribed on to standard data sheets and later to spread-
sheets. We also recorded the occurrence and numbers
of potential predators (crows, ravens, jays, owls, ea-
gles, falcons, accipiters, and squirrels; Nelson 1997)
during the dawn surveys. We set no limits on the dis-
tance for detecting predators, but most were within 100
m; we did not use taped calls to attract them.

As an additional measure of murrelet activity, we
calculated the ratio of occupied detections to all visual
detections. This ratio is meant to identify stations with
a high amount of occupied activity independent of the
total visible activity observed, which is sometimes
higher in flight corridors (Rodway and Regehr 1999).
The ratio also compensates for differences in canopy
openings at observation stations, which might affect
the visibility and likelihood of detecting occupied be-
haviors. The obstruction of the visual field at obser-
vation stations was estimated in categories from 1-4
which corresponded to a projected canopy cover of 0—
25%, 26-50%, 51-75%, and 76—100%, respectively.

We recorded habitat measures relevant to murrelet
nesting in 30 X 30-m plots in the forest stand nearest
each survey station, following the standard protocol in
British Columbia (RIC 1997). Within each plot we re-
corded the species, diameter at breast height (dbh), and
height of all trees larger than 10 cm dbh, and the num-
ber of snags >5 m tall. Tree heights were visually
estimated after using a clinometer to establish the
heights of 2—4 representative trees. Canopy closure (%
projected canopy cover) was estimated at 4—6 random
locations within the plot, then averaged. Within each
tree, we recorded features important for nesting by
murrelets (Hamer and Nelson 1995), including: the
number of potential nest platforms (limbs >15 m
above ground and >18 cm in diameter, without mak-
ing judgements about suitability as nest sites); esti-
mated epiphyte cover (0 = none; 1 = trace; 2 = 1-
33% cover; 3 = 34-66%; 4 = 67-100%), epiphyte
thickness (1 = sparse, 2 = intermediate, and 3 = thick
mats), and mistletoe infestation (Hawksworth 1977).
In this last parameter, the live crown was divided into
vertical thirds, and, for each third, mistletoe was scored
as: 0 = no visible infections, 1 = light infections (half
or less of branches infected), or 2 = heavy infections
(more than half infected). The total score was then
added to give a range of scores from 0 to 6 and av-
eraged for the whole plot.

STATISTICAL ANALYSES

Data were analyzed with SPSS 9.0. Variables not nor-
mally distributed were log-transformed, or if transfor-
mation failed to produce normality, were analyzed
with nonparametric tests. To compare coastal with in-
terior stations we used Student’s #-tests (normal and
transformed data) or Mann—Whitney tests (non-normal
data untransformed). We used separate variances r-tests
whenever Levene’s test for equality of variances had
a P < 0.05. To compare the paired coastal stations (20
m and 250 m), where each pair was sampled on the
same day, we used paired t-tests (normal or trans-
formed data) or Wilcoxon signed rank tests (non-nor-
mal data). All tests were two-tailed. We tested corre-
lations between variables at interior stations and dis-

tance from the ocean using Pearson correlation (r) for
normally distributed data and Spearman rank correla-
tion (r,) for non-normal data. Means are given * SD.
The level of statistical significance was P < 0.05.

RESULTS
COASTAL AND INTERIOR SITES COMPARED

At 14 interior stations in Carmanah-Walbran sampled
three times in each year, we found no significant dif-
ferences between years for total detections per survey
(mean 1998: 21.1 = 8.9, 1999: 20.6 * 8.6; paired -
test, t;; = 0.17, P > 0.50), occupied detections per
survey (mean 1998: 2.6 = 2.5,1999: 44 * 38; 1, =
1.62, P > 0.10), and subcanopy detections per survey
(mean 1998: 2.0 £ 2.1, 1999: 3.2 + 3.0; ¢,; = 1.20, P
> (0.20). We assumed similar lack of annual variation
at other stations and pooled data from both years. Our
sample was thus 30 coastal and 30 interior stations,
each sampled three times in a single year. Five surveys
were missed due to inclement weather and so we had
a total of 88 surveys at the coast and 87 in the interior.

Detections of Marbled Murrelets per survey were
higher at interior than coastal stations (Table 1). Of
greatest relevance was the difference in occupied and
subcanopy detections, as indicators of likely nesting
activity, which were both more than five times higher
in the interior than at the coast. All 87 surveys in the
interior recorded murrelet detections, 49% recorded
occupied detections, and 43% recorded subcanopy de-
tections compared to 85%, 19%, and 16%, respectively
in the 88 coastal surveys.

The mean canopy closure at observation stations
was higher at the coast than in the interior (Table 1),
which might have affected visibility and hence detec-
tion rates. We tested the effects of visibility two ways.
First, using an ANOVA with canopy closure as a co-
variate, significant differences persisted between inte-
rior and coastal stations in total (F,5, = 25.1, P <
0.001), occupied (F,5; = 8.7, P = 0.001), and subcan-
opy detections (F\s; = 7.8, P = 0.001). The variables
violated assumptions used in ANOVA (they were not
normally distributed and had unequal variances), but
when sample sizes in groups are equal the ANOVA is
robust despite these violations (Zar 1996). Second, we
controlled visibility by considering the ratio of occu-
pied to all visible detections. The differences between
the interior and coast persisted (Table 1), indicating
that they were not just an artifact of visibility.

Predator densities were three times higher at the
coast than at interior stations (Table 1). Predators were
reported in 88% of the coastal surveys but only 58%
of the interior surveys. These results were mainly due
to the high numbers of Northwestern Crows (Corvus
caurinus) and Bald Eagles (Haliaeetus leucocephalus)
at the coast. Both are primarily shoreline scavengers
and seldom venture far inland, although both were
seen at interior stations on rare occasions.

The comparison of vegetation attributes between
coastal and interior stations yielded varying results
(Table 1). We found no significant difference between
the interior and coast in the mean height or diameter
of trees, or tree density, but there was a higher density
of larger trees (>80 cm dbh) at interior stations, which
contributed to a higher mean basal area in the interior.
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The size of trees and the shape of the canopy were
more variable in the interior, as indicated by significant
differences in the SDs of tree height and dbh. Species
composition varied somewhat between the coast and
interior: we found higher densities of western hemlock
(Tsuga heterophylla) and amabilis fir (Abies amabilis)
in the interior than at the coast, but no differences in
densities of Sitka spruce (Picea sitchensis) or western
red-cedar (Thuja plicata).

The canopy microhabitat provided more potential
nest sites in the interior than at the coast: both the
density of potential platforms per hectare, and the den-
sity of trees with two or more potential platforms were
higher inland (Table 1). Most of the measures of epi-
phyte cover were similar in both areas, but mean epi-
phyte thickness on large trees, in which murrelets
would most likely nest, was higher in the interior than
at the coast. Mistletoe sometimes created platforms
suitable for nesting by murrelets but was relatively
rare, restricted to hemlock trees, and found in similar
amounts in both areas (Table 1).

COMPARISON AMONG COASTAL STATIONS

The mean frequency of all murrelet detections (log
transformed) was significantly higher at the 250-m
than at the 20-m stations, but occupied and subcanopy
detections, and the ratio of occupied to all visual de-
tections did not differ significantly (Table 1). Densities
of predators were similar at both sets of stations.
Crows and eagles were regularly seen roosting and
moving about in the canopy at the 250-m stations, in-
dicating high risk to murrelets nesting there. In general
there were few significant differences in habitat mea-
sures between the two sets of stations, although tree
density and basal area were lower at 20-m than 250-
m stations, and Sitka spruce was more common at 20-
m than 250-m. Epiphyte thickness scored slightly low-
er at 20-m than 250-m, probably as a result of inhi-
bition by salt spray. Other measures of canopy micro-
habitat were similar at the two distances, and both had
similar densities of potential platforms and trees with
two or more potential platforms.

EFFECT OF DISTANCE FROM SEA AT INTERIOR
STATIONS

Among the 30 interior stations we found no significant
correlations with increasing distance from the sea for
any of the murrelet activity measures or most of the
habitat variables. Significant positive correlations with
distance from sea were found for snag density (r, =
0.73, n = 30, P < 0.001) and density of trees with
two or more platforms (r, = 0.56, n = 30, P < 0.01).
Negative correlations were found for predator densities
(r = —0.52, n = 30, P < 0.01) and mistletoe score (r,
= —0.38, n = 30, P < 0.05). With increasing distance
from the sea the density of western red-cedar declined
(r, = —0.54, n = 30, P < 0.01), but amabilis fir in-
creased (r, = 0.46, n = 30, P < 0.05), and Sitka spruce
and western hemlock were unaffected.

DISCUSSION

With data from two years and three watersheds we
found that near-nest flight activity (occupied and sub-
canopy detections) of Marbled Murrelets was signifi-
cantly less within 250 m of the coast than at interior

stations. Although the exact relationship between de-
tection frequencies and nest density is unknown (Paton
1995), these results suggest a significantly lower use
of the coastal fringe for nesting than in the interior
forests. Elsewhere on Vancouver Island, in Clayoquot
Sound, Rodway and Regehr (1999) found significantly
fewer occupied detections near ocean edges than far-
ther inland. In Washington, Hamer (1995) observed no
evidence of occupancy by murrelets within 800 m of
the coast even though the vegetation characteristics in-
dicated excellent habitat. Few nests have been found
within 1 km of the ocean, except in parts of Alaska
where there is frequently no suitable interior forest
(Hamer and Nelson 1995, Manley 1999).

The low level of occupied behavior on the coast was
partly due to habitat effects. We found significantly
fewer of the microhabitat canopy features important to
murrelets for nesting (Hamer and Nelson 1995, Nelson
1997, Manley 1999) at the coastal stations: fewer po-
tential nest platforms, fewer trees with platforms, thin-
ner epiphyte mats on the boughs of large trees, and
less structural diversity in the canopy. A structurally
diverse canopy improves access by murrelets to limbs
suitable for nesting. Severe winter storms and year-
round salt spray on the open Pacific coast undoubtedly
inhibited epiphyte growth, blew off thick moss mats,
pruned off dead limbs likely to provide platforms, and
created a more uniform canopy surface. Foliage above
nest platforms, providing protection from weather and
reducing visibility to predators (Hamer and Nelson
1995, Nelson 1997, Manley 1999), appeared less com-
mon over platform limbs at the coast than in the in-
terior, but we were not able to quantify this. At ex-
posed coasts on the Queen Charlotte Islands, Rodway
et al. (1991) found fewer murrelets and less suitable
nesting habitat than farther inland, which they attri-
buted to salt spray inhibiting moss growth.

A second factor associated with low murrelet activ-
ity near the coast was the high density of predators
there, particularly Bald Eagles and Northwestern
Crows. Both of these species are primarily shoreline
scavengers and predators of marine organisms, but are
likely to prey on murrelets if encountered in the forest
canopy. Bald Eagles are effective predators of adult
alcids at colonies (DeGrange and Nelson 1992), in-
cluding those in forests (Kaiser 1989). Northwestern
Crows are extremely opportunistic, and known to take
eggs and chicks from alcids and forest nesting birds
(Verbeek and Butler 1999). Other common nest pred-
ators, such as Steller’s Jays (Cyanocitta stelleri), Com-
mon Ravens (Corvus corax), and red squirrels (Tam-
iasciurus hudsonicus) were no more common at the
coast than in the interior (A. E. Burger, unpubl. data).
Predators are the main cause of failure for breeding
Marbled Murrelets, and were responsible for failure of
43% of 32 nests across the Pacific Northwest (Nelson
and Hamer 1995), and 66% of 21 nests in British Co-
lumbia (Manley 1999). Rodway and Regehr (1999)
observed high frequencies of predators at ocean edges
in Clayoquot Sound, and Hamer (1995) speculated that
high predator densities contributed to the lack of oc-
cupied behavior by murrelets along the Washington
coast.

Marbled Murrelets are known to nest in most of the



large coniferous tree species (Nelson 1997). In our
study area, Sitka spruce and western hemlock provided
more potential nest sites than western red-cedar and
amabilis fir (unpubl. data). We found higher densities
of western hemlock and amabilis fir in the interior than
at the coast, but no differences in densities of Sitka
spruce or western red-cedar. Species composition
therefore did not appear to be an important factor in
murrelet habitat suitability.

Within the coastal strip, the occurrence and frequen-
cies of occupied and subcanopy behaviors by murre-
lets, predator densities, and most habitat features were
similar at the stations 20 m and 250 m from the forest
edge. Epiphyte cover was thinner at the 20-m stations,
but other microhabitat features were similar. The del-
eterious effects of the exposed shore and the high den-
sities of eagles and crows extended at least 250 m
inland. Among the 30 interior stations there was a sig-
nificant increase in density of trees with two or more
platforms, and a decrease in predator density, with in-
creasing distance from the sea, suggesting that these
might have been clinal effects not entirely restricted to
the 250-m wide coastal strip. Murrelet detections and
most other critical nest habitat features showed no cor-
relation with distance from the sea within the interior
stations, suggesting that those coastal effects did not
extend beyond 1.5 km inland. Unfortunately, lack of
roads or hiking trails made it impossible to sample
habitats from 250 m to 1.5 km inland, so we could not
test how far inland all the shoreline effects extended.

The differences between coastal and interior stations
were not due to habitat fragmentation or artificial edge-
effects caused by logging or road-building. All the sta-
tions, except some in the interior Klanawa Valley, were
in continuous large tracts of forests (>1,000 ha) and
not in isolated stands. The interior forests were there-
fore more suitable for murrelets, despite some frag-
mentation and loss of habitat.

Our coastal stations were all within Pacific Rim Na-
tional Park. Much of this park is a narrow coastal strip
less than 1 km wide. Elsewhere on Vancouver Island
(e.g., Clayoquot Sound), the Olympic Peninsula in
Washington, and in other parts of the Pacific North-
west, similar coastal strips have been protected. These
strips are included in the protected habitat considered
to be available for Marbled Murrelets, but our data
suggest that these shoreline strips are unlikely to sup-
port viable populations of Marbled Murrelets. Further-
more, future protection of habitat, such as the imple-
mentation of the British Columbia Forest Practices
Code, should consider coastal strips as suboptimal hab-
itat. Our research shows that the shoreline effects ex-
tend at least 250-m inland, and further research is
needed to establish the limits of these effects wherever
murrelets might be nesting. As an interim measure, we
suggest placing protected areas for murrelets >1 km
inland.
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Abstract. We evaluated relationships of Harlequin
Duck (Histrionicus histrionicus) densities to habitat at-
tributes, history of habitat contamination by the 1989

! Received 15 February 2000. Accepted 25 July 2000.

Exxon Valdez oil spill, and prey biomass density and
abundance during winters 1995-1997 in Prince Wil-
liam Sound, Alaska. Habitat features that explained
variation in duck densities included distance to streams
and reefs, degree of exposure to wind and wave action,
and dominant substrate type. After accounting for



