Landscape Ecology (2006) 21:107-120 Springer 2006
DOI 10.1007/s10980-005-1438-5

ResearTagTETBT®663007.969212.144823.7353Tm[(1,4)TETBT11.95510011.9551223.54016181061Tm(

A

We studied habitat selection and breeding success in marked populations of a protected seabird (family
Alcidae), the marbled murrelet (Brachyramphus marmoratus), in a relatively intact and a heavily logged old-
growth forest landscape in south-western Canada. Murrelets used old-growth fragments either propor-
tionately to their size frequency distribution (intact) or they tended to nest in disproportionately smaller
fragments (logged). Multiple regression modelling showed that murrelet distribution could be explained by
proximity of nests to landscape features producing biotic and abiotic edge e ects. Streams, steeper slopes
and lower elevations were selected in both landscapes, probably due to good nesting habitat conditions and
easier access to nest sites. In the logged landscape, the murrelets nested closer to recent clearcuts than would
be expected. Proximity to the ocean was favoured in the intact area. The models of habitat selection had
satisfactory discriminatory ability in both landscapes. Breeding success (probability of nest survival to the
middle of the chick rearing period), inferred from nest attendance patterns by radio-tagged parents, was
modelled in the logged landscape. Survivorship was greater in areas with recent clearcuts and lower in areas
with much regrowth, i.e. it was positively correlated with recent habitat fragmentation. We conclude that
marbled murrelets can successfully breed in old-growth forests fragmented by logging.
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Studies of habitat selection conducted across large Haworth 1995; George and Zack 2001; Boyce et al.
spatial scales (e.g., ‘landscapes’) are fundamental 2002) and fitness measures of individuals (Pidgeon
for conservation and management of species of et al. 2003). Information on landscape-level pat-

special concern (Henske et al. 2001). Such studies terns of individual fitness is critical for population



conservation (Jones 2001), but it may not be
readily available for rare and di cult-to-census
species (Green et al. 1997).

The marbled murrelet (Brachyramphus marmo-
ratus) is a unique seabird (family Alcidae) that
nests predominantly on thick mossy branches of
old trees in coastal coniferous forests of the Pacific
Northwest region of North America, from central
California to western Alaska (Nelson 1997). Due
to its secretive behaviour and di cult accessibility
of nest sites, the first active nests of this species
were not found until 1974 in the USA and 1993 in
Canada (Nelson 1997). Extensive harvesting of
old-growth forests along the Pacific coast and
lengthy (=150 years) regeneration time of suitable
nesting platforms, have resulted in substantial
losses of the species’ nesting habitat throughout its
range (Garman et al. 1999; Burger and Bahn
2004). These losses resulted in designation of the
marbled murrelet as a protected species through-
out its range exclusive of Alaska (Nelson 1997).

Much of the ecological research on the marbled
murrelet has focused on the links between frag-
mentation of its habitat and population abun-
dance (Raphael et al. 2002). Small-scale (forest
patch-level) characteristics of nest sites have also
been well described (Nelson 1997; Raphael et al.
2002), and are used to select potential nesting
habitat for protection (MWALP 2004). However,
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Figure 1. Location of the study landscapes relative to the coastline of south-western Canada. Dot-symbols represent at-sea capture
sites (the smaller symbol at Desolation Sound is the secondary site in that area). Insets show the distribution of old-growth forest
patches (grey shade) and nest locations (black dots) within the study landscapes.

(T. heterophylla), Douglas fir (Pseudotsuga menzie-
sii) and Sitka spruce (Picea sitchensis). At DS, clear-
cutting started in early 20th century and it still
continues. The loss of the original forest cover has
been estimated at 80% (F. Huettmann et al. unpub-
lished). In contrast, CS has few major clearcuts and
logging roads. Commercial logging started there
after 1954 and by 1998-1999 ~25% of the original
forest cover was harvested (D. Lank, unpublished).

Nest site mapping

An unbiased sample of nest sites was obtained by
following a population of marked individuals.
Murrelets were captured in late April-early June
(DS, 1998-2001 and CS, 2000-2002) at their
marine foraging areas (Figure 1) using a spot-
lighting technique (Whitworth et al. 1997). They
were fitted with radio transmitters (Advanced






convex polygons encompassing the distribution of
all nest sites in each area with an external bu er
(2.3 km, DS; 3.1 km, CS), representing the mean
annual nearest-nest distance. Landscapes defined
in this way (DS=3.33 - 10° ha®>, CS = 1.52
- 10° ha®) accounted for the distribution of indi-
viduals and are assumed to represent available
terrestrial environment for the populations (Fig-
ure 1 insets). We defined as ‘landscape features’
spatially explicit elements of the environment,
mapped in a GIS as polygons or polylines, repre-
senting geomorphological, vegetative and hydro-
logical phenomena hypothesized to be relevant to
habitat selection and breeding success of marbled
murrelets.

Predictor variables

We used a distance-based (as opposed to composi-
tion-based) approach to study habitat selection and
breeding success in the marbled murrelet (Conner
and Plowman 2001). This was done because the



di erence |Zj| between observed and predicted
distributions. We ranked individual patches in the
increasing order of area and plotted cumulative
old-growth area versus the cumulative number of
nests encompassed. It is expected that if no selec-
tion for a particular class size occurs, the resulting
plot will represent a straight line (p;=ca;). Devia-
tions above or below the neutral selection pattern
will represent disproportionate use or avoidance
respectively. Also, the distribution of patch areas
binned in 10 classes selected by the birds was
compared to a random distribution (1000 points)
using goodness-of-fit tests.

Multiple modelling






Mid-rearing success

At DS and CS 71 (of 108) and 17 (of 29) nests
survived through day the 20 of chick-rearing per-
iod respectively. The di erence in MRS between
the two locations was not significant (v3=0.5,
p=0.48). At DS, two models produced a strong fit









coast (Meyer et al. 2002), but also by energetic
costs related to the commuting distance between
nesting and foraging sites (Hull et al. 2001). We
consider nest distribution at CS as consistent with
these hypotheses (Table 2). At DS, marbled
murrelets nested 30% farther from the ocean
(8.83+6.43 km) than at CS and this variable did
not appear in the best models. The explanation
here may be that there is insu cient suitable
nesting habitat at DS near the coast because of
century-long logging activities.

Contrary to our hypothesis, marbled murrelets at
DS nested closer than expected to recent (£15-
20 years) clearcuts. Indeed, Ralph et al. (1995) and
Meyer and Miller (2002) reported a higher amount
of forest ‘edge’ and higher edge contrast index in
areas occupied by marbled murrelets in Washington
and Oregon respectively (but see Ripple et al. 2003).



Marbled murrelet nests were located too far
from subalpine areas to suggest a direct influence
on the MRS. Distance to subalpine areas was
mildly correlated with elevation (r,= 0.24,
p=0.01) suggesting an underlying factor that co-
varies with elevation. At DS, abundance of po-
tential avian and mammalian nest predators of
marbled murrelets decreases significantly with
elevation (Bradley 2002). Thus, a lower abundance
of predators at higher elevations may explain why
the birds nested more successfully closer to sub-
alpine areas.

As do many other species (Nettleship and
Birkhead 1985; Hipfner and Gaston 2002), mar-
bled murrelets displayed a strongly negative sea-
sonal trend in the probability of breeding success.
Presently there are insu cient data for the mar-
bled murrelet populations in the study area or
elsewhere to suggest whether this happens because
of negative changes in the marine (Vermeer and
Cullen 1979) or in the terrestrial environment
(Hartman et al. 1997).

To conclude, nesting habitat selection in these
populations of marbled murrelets co-varied with the
landscape features influencing microclimate and
habitat structure (streams, glaciers, subalpine areas,
elevation), distribution of potential nest predators
(recent clearcuts), travel distance (ocean) and access
to nest sites (streams, hillslopes). Breeding success
was likely driven by distribution patterns of poten-
tial nest predators, which themselves could be
responding to local landscape characteristics
(clearcuts and elevation). Marbled murrelets did not
respond to habitat fragmentation by either selecting
for larger patches or avoiding recent clearcuts. Our
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