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Marbled Murrelet nest predation risk in managed forest landscapes:
dynamic fragmentation effects at multiple scales
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Abstract. The effects of forest fragmentation on bird populations have been studied
primarily as static phenomena. Yet when forests are allowed to regenerate, local edge contrast
and landscape matrix composition change with time, and we would expect fragmentation
effects to change accordingly. Describing this process is critical for the conservation of avian
species sensitive to forest fragmentation, including the Marbled Murrelet (Brachyramphus
marmoratus), a seabird threatened by ongoing harvest of old-growth forest nesting habitat. We
experimentally assessed potential murrelet nest predation probability in four regions of
southwestern British Columbia, Canada. We compared the fates of 448 simulated murrelet
nests at paired edge and interior treatments, at sites with “hard” edges (recent clearcuts),
“soft” edges (regenerating forest), and natural edges (i.e., riparian areas). Motion-sensitive
digital nest cameras enabled us to focus on known predators of real nests, and patterns of nest
fates did not differ between real and simulated nests. Using information-theoretic model
selection (AIC) with the combined data set (116 sites), we assessed effects at patch (; 13 ha),
landscape ( ; 1700 ha), and regional (5 96 000 ha) scales. Nest disturbance probability at hard
edges was 2.5 times that of interior sites, but soft edges had less than half the disturbance
probability of interiors. There was no edge effect at natural edges. At the landscape scale,
overall avian disturbance risk declined by as much as 50% with increasing amounts of
regenerating forest in the surrounding matrix. These results indicate that initially negative
fragmentation effects decrease as forests regenerate, at both patch and landscape scales. There
was no evidence that these patterns differed between regions. Predator surveys suggested that
Steller’s Jays drive patterns of nest predation risk at the regional scale. Assuming that corvids
are the most important predators, larger reserves of habitat will lessen negative hard-edge
effects. Smaller reserves should be embedded in a protective matrix of regenerating forest to
reduce predation risk at both patch and landscape scales. Our results suggest that dynamic
fragmentation effects are
developing adequate pred
Andrén 1994, Paton 1994). The combined effects of
these processes can cause reduced reproductive success
and negative population growth over broad geograph-
ical scales (Lloyd et al. 2005).

In the past decade, researchers across North America
have begun to challenge this static view, promoting
instead a more complex and dynamic understanding of
forest fragmentation effects (Tewksbury et al. 1998,

2006, Marzluff and Restani 1999, George and Dobkin
2002, Gram et al. 2003, Wallendorf et al. 2007). For
instance, when silviculture rather than agriculture is the
primary agent of fragmentation, harvested areas are left
to regenerate, creating dynamic landscapes where edge
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contrast and matrix composition change with time.
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et al. 2002). Nonetheless, because improperly calibrated
simulated nest studies can result in biased conclusions
(Thompson and Burhans 2004), we chose Desolation
Sound as one of our study regions because it was
possible there to compare experimental results with
patterns found in real nests.

Predator surveys.—We surveyed putative Marbled
Murrelet predators at 59 point-count transects in forest
patches adjacent to hard, soft, and natural edges (33 of
which were paired with nest experiment sites). Edge
transects were centered along the forest edge to observe
predators in both forest and gap habitats, and parallel
interior transects were established at least 150 m from
the edge. Each transect consisted of between three and
six point-count stations. All predators seen or heard
during a 10-minute sampling period were recorded. If a
predator was observed within a 50-m radius, its distance
was recorded using a laser range finder (61 m), or
estimated if it was detected by sound (610 m). Predators
detected beyond 50 m were estimated as 50-100 m, 100—
200 m, or .



summed likelihood for selected predictor variables, by
summing the Akaike weights of all models in which each
variable was included across the entire set of candidate
models. For the top models (DAIC, <



6 0.13 to 0.30 6 0.12) when the percentage of
regenerating forest is increased from 1% to 40% (Fig.
3). Nests in Desolation and Jordan River are predicted
to have three times the probability of disturbance
compared to Nimpkish or Squamish under the top
model (summed likelihood  0.97; Fig. 4a). There was
little evidence that patch- or landscape-scale effects on
disturbance risk varied by region (all DAIC, - 4).
There was strong evidence that squirrel disturbance
risk varied at the patch level, with support for models



percentage old-growth forest (summed likelihood
0.23). ‘

Comparison to real nests

There was strong support for differences in absolute
rates of nest fates between simulated and real nests (nest
category summed likelihood 0.70), but considerably less
support for differences in patterns between the two nest
categories (nest category 3 patch size summed likelihood

_0.15; Table 3). Under the top model, there was a higher
‘probability of nest “failure” for real nests (0.35 6 0.07)
relative to disturbance probability of simulated nests
(0.18 6 0.05). There was support for effects acting
similarly on both nest categories, with a negative effect of






occurred at hard edges, but avian disturbance risk was
decreased at soft edges. At the landscape scale, overall
avian disturbance declined strongly with increased
amounts of regenerating forest in the surrounding
matrix. Taken together, these results suggest that
negative fragmentation effects will initially occur when
forests are harvested, but will decline to baseline or sub-
baseline levels as clearcuts regenerate, at both patch and
landscape scales. This demonstrates that fragmentation
effects in regions managed for industrial forestry are
more complex and dynamic than appreciated under the
traditional static view of fragmentation conceived in
agricultural systems (Andrén 1992, Donovan et al. 1997,
Lloyd et al. 2005). To correctly evaluate the potential
reproductive quality of forest habitat, managers must
consider the cumulative effects of different edge types
and variation in matrix composition over the long term.
This will help to accurately estimate amounts of quality
habitat, and to effectively assess the demographic
consequences of different harvesting regimes and habitat
protection plans.

Our analysis of all four regions in British Columbia
corroborates our original finding of temporally dynamic
edge effects for Desolation and Nimpkish (Malt and
Lank 2007b), and adds the novel result of dynamic
effects at the landscape scale. Despite strong regional
differences in avian disturbance probability, there was
little indication that patterns of patch- or landscape-
scale effects on nest disturbance risk differed by region.
This indicates that dynamic fragmentation effects can be
generalized at least within southern mainland British
Columbia and Vancouver Island, and probably to other
areas across the Pacific Northwest. Because predation of

nests by avian predators such as Steller’'s Jays is
probably opportunistic (Vigallon and Marzluff 2005),
these disturbance patterns are relevant both to Marbled
Murrelets and to other bird species nesting in old-
growth forests.

Our finding of decreased disturbance risk with
increasing amounts of regenerating forest at the
landscape scale supports the concept that the composi-
tion of the matrix is a key factor in determining
landscape-scale predation risk (Rodewald and Yahner
2001, Rodewald 2003). Consequently, it may not always
be appropriate to use the amount of remaining forest
habitat as the sole predictor of landscape-scale preda-
tion risk (e.g., Robinson et al. 1995). Instead, assess-
ments of predation risk should consider the importance
of the landscape matrix, and how its composition will
change with time as patterns of harvest and regrowth
continue.

This study suggests that regenerating forest ;20-40
years old will provide relative safety from avian
predators at both patch and landscape scales. Regener-
ating clearcuts of this age typically have simple structure
and little understory vegetation, and therefore offer few
supplementary resources to attract potential nest pred-
ators (Franklin et al. 2002). In contrast, resources at
recent clearcuts, such as berries and insects, may
supplement resources found in old-growth forest (Vitz
and Rodewald 2006), thereby attracting generalist
predators to these habitats (Ries and Sisk 2004). Finally,
while natural disturbances such as rivers and avalanches
may provide some access to insects and other resources
(Gray 1993), these supplements are probably lower than
those provided by the much larger clearcut areas.
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Reduced predation risk adjacent to regenerating forest
may also apply to older forests of simple structure (i.e.,
80 years of age), which similarly have been shown to
have low predation risk and few avian predators
(Marzluff et al. 2000).

Comparison to real nests

Although real nests “failed” more often than simu-
lated nests were disturbed, patterns of nest fates between
real and simulated nests did not differ. Real and
simulated nests responded similarly to predictor vari-
ables, with increased disturbance or “failure” with
increasing patch size and decreasing elevation. Elevation
and patch size have been shown elsewhere to be
important variables in predicting habitat selection and
reproductive success for real Marbled Murrelets nests
(Zharikov et al. 2006, 2007a). These results support our
assumption that generalist predators respond similarly

to both real and simulated nests, and help to validate
our approach of using disturbance patterns on simulated
nests as an index of relative predation risk for real
Marbled Murrelet nests. The lack of support for edge
type or matrix composition effects in this analysis is
likely because of the relatively limited distribution of
real nests with respect to these variables, resulting in low
statistical power to compare patterns by nest category.
This underscores the utility of simulated nest studies,
which allow experimental placement of nests in treat-
ments that have direct management significance, a task
that is not possible for real nests.

Distribution of Steller’s Jays

Consistent with patterns of avian nest disturbance,
Steller’s Jay detections were highest in Desolation and
Jordan River, and lowest in Nimpkish and Squamish.
The close alignment between Steller’s Jay abundance
and avian disturbance at the regional scale, combined
with camera evidence, suggests that Steller’s Jays were
the dominant avian predator disturbing simulated nests.
Steller’s Jays may be an important cause of fragmenta-
tion effects in western forests because they are generalist
predators that respond positively to landscape fragmen-
tation, and preferentially use forest edges (Marzluff and
Restani 1999, Masselink 2001, Marzluff et al. 2004, Malt
2007). Moreover, Steller’s Jays were the most commonly
observed predator in our surveys, and are known
predators of Marbled Murrelet nests (Peery et al.
2004, Hebert and Golightly 2007).

At the landscape scale, Steller’s Jay abundance
increased as old-growth forest cover declined, suggesting
that jay densities will increase as landscapes are
harvested. This has potential negative implications for
both Marbled Murrelets and forest-breeding birds in
general, as increases in nest predator densities can
increase nest failure and reduce population growth over
broad geographic scales (Andrén 1992, Robinson et al.



1995, Lloyd et al. 2005). Fragmented landscapes may
provide a diversity of patches and edge types that
provide an abundance of foraging opportunities for
Steller’s Jays, including an abundance of berries in
young clearcuts (De Santo and Willson 2001, Masselink
2001, Marzluff et al. 2004). In line with our simulated
nest results, we expected Steller’'s Jays to respond
negatively to regenerating forest, as observed in a
separate road transect study conducted in Nimpkish
(Malt 2007), but our analyses did not to support such an
effect. Our study may have had less power to separate
this effect, as surveys were replicated over one year



Conclusions and management recommendations

Our results demonstrate that fragmentation effects in
western forests managed for industrial forestry can be
temporally dynamic at both patch and landscape scales.
This is consistent with other research that has found
differing and complex patterns in forests managed for
timber harvest (Tewksbury et al. 1998, Marzluff and
Restani 1999, Chalfoun et al. 2002, George and Dobkin
2002). Our findings provide helpful guidance regarding
the trade-off between the size and number of reserves
designed to protect breeding habitat for Marbled
Murrelets and other forest-breeding birds. In British
Columbia, Wildlife Habitat Areas (WHAs) are the
primary mechanism used to conserve habitat for
forestry-sensitive species. Where possible, we recom-
mend the creation of larger WHASs, which will minimize
the amount of habitat exposed to hard edge effects when
harvesting occurs, and will also benefit other wildlife
species that require large tracts of old-growth forest.
When larger patches are not available, we recommend
designating many smaller reserves that are embedded in
a matrix of regenerating forest. The size of these reserves
can then be increased over time if required, by leaving
buffers to recruit into old-growth forest habitat.
Maintaining a matrix of regenerating forest will have
the added benefit of decreasing overall predation risk at
the landscape scale.

Our findings will also help to guide the mapping of
potential habitat within British Columbia and through-
out the range of murrelets. A critical part of this
mapping will be an assessment of habitat quality with
respect to potential reproductive success. In light of our
findings, we recommend that such evaluations (1)
distinguish between the values of different edge types,
(2) incorporate the influence of the matrix composition
at the landscape scale, and (3) forecast how adjusted
habitat availability will change over 20-40 year time
frames. This will require incorporation of our results
into spatially explicit models of murrelet habitat, and
periodic updating as areas are harvested and regenerate.
This assessment will help to determine if available
habitat is of sufficient reproductive quality to sustain
viable murrelet populations, and the amount of protec-
tion required in each region to meet population targets.

Our management recommendations are based on
disturbance patterns caused by the best-known preda-
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