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Abstract

Industrial timber harvesting typically creates forest edges with altered microclimate regimes, causing reduced growth and 
survival of some canopy epiphytes. This process has implications for the marbled murrelet (Brachyramphus marmoratus),
a threatened seabird that nests on moss platforms in old-growth forests of the coastal Pacific Northwest in North America. 
We investigated microclimate and epiphyte availability in old-growth forests of southwestern British Columbia, Canada. We 
contrasted mean and maximum temperature, mean humidity, mean vapor pressure deficit (VPD) and mean epiphyte cover 
and platform tree density between forest edge and interior plots at hard edges (recent clearcuts), soft edges (regenerating 
forest) and natural edges (rivers and avalanche chutes). Differences measured in VPD and epiphyte availability varied 
due to edge proximity and edge-type. Hard edges had fewer trees with suitable marbled murrelet nest platforms relative 
to adjacent interiors, and hard-edged patches had the lowest epiphyte cover overall. This suggests that microclimate edge 
effects and substrate availability can negatively impact epiphyte growth and survival, and may reduce the availability of 
marbled murrelet nest sites. These negative effects may decrease with time as forests regenerate, as edge effects were 
lower in magnitude at soft-edged patches. In contrast, natural-edged patches had the greatest levels of epiphyte cover and 
platform tree density, suggesting that these areas provide an abundant source of potential nest sites. Minimizing the ratio 
of anthropogenic edge to suitable interior habitat, and maintaining natural edges will limit negative edge effects on moss 
availability and provide nesting habitat for marbled murrelets.
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of edge effects. Edge effects may decline with time 
after harvesting, as clearcuts regenerate and patch 
contrast lessens (Matlack 1993, Harper et al. 2005). 
Patch contrast at natural edges may also be lower 
than fresh anthropogenic edges. This can result 
in weaker edge effects at forest-riparian ecotones 
compared to those at clearcut boundaries (Stew-
art and Mallik 2006). Considering the effects of 
different levels of patch contrast is important for 
environmental management of harvested forest 
landscapes, where stands of various ages create 
a patchwork of different edge-types.

Animals that rely upon forest bryophytes may 
be particularly sensitive to the effects of microcli-
mate on the abundance and availability of mosses 
and other epiphytes. One example is the marbled 
murrelet (Brachyramphus marmoratus), a threat-
ened sea bird that does not construct a nest, but 
rather lays a single egg on a mossy platform in 
old-growth trees (McShane et al. 2004). Murrelets 
explore forest habitat and choose nesting sites that 
presumably provide the environment best suited 
for successfully raising a chick. The widespread 
loss of epiphyte-rich old-growth habitat resulting 
from commercial logging is considered to be the 
major factor responsible for local extirpation and 
declining murrelet populations along the entire 
Pacific Northwest coast (Burger 2002, Raphael 
2002, McShane et al. 2004). Appropriate tree 
branch characteristics and bioclimatic conditions 
are necessary for platform development (Burger 
et al. 2010). Habitat features on a smaller scale 
also appear to be important to murrelet nest site 
selection, including epiphyte cover and thickness, 
canopy structure and canopy openings (Burger 
2002, Silvergeiter 2009). Edge effects on micro-
climate have the potential to further limit the avail-
ability of suitable murrelet habitat by decreasing 
the availability and thickness of epiphytes in tree 
canopies. The general effect of forest fragmenta-
tion on marbled murrelet nesting biology in Brit-
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that had old-growth forest stands (�q250 years 
old) adjacent to three different edge-types: hard 
edges (recent clearcuts 5-11 years old), soft edges 
(regenerating stands 17-39 years old) and natural 
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TABLE 2. Physical and biotic characteristics of hard, soft and natural edge types. DBH, Tree Height (habitat), and Tree spp. 
composition were calculated from 20 randomly-selected trees, 10 each within one edge and one interior randomly-
selected 25 m radius plot from each site. N= 42 hard, 40 soft and 30 natural edged sites. Tree height matrix refers 
to the regenerating clear-cut area. Elevation effects were controlled for in the data analysis. P values correspond to 
comparisons of variables between edge-types. Acronyms for tree species and biogeoclimatic units are as follows: T. 
het. – Tsuga heterophylla, A. ama. – Abies amabilis, T. pli. – Thuja plicata, T. mer. – Tsuga mertensiana, C. noo. – 
Chamaecyparis nootkatensis, CWHvm1 – Coastal Western Hemlock, Submontane Very Wet Maritime, CWHvm2 
– Coastal Western Hemlock, Montane Very Wet Maritime, CWHms1 – Coastal Western Hemlock, Southern Moist 
Submaritime, CWHmm1 – Coastal Western Hemlock, Submontane Moist Maritime, CWHds1 – Coastal Western 
Hemlock, Southern Dry Submaritime, CWHdm – Coastal Western Hemlock, Dry Maritime, CWHxm2 – Coastal 
Western Hemlock, Western Very Dry Maritime and MHmm1 – Mountain Hemlock, Windward Moist Maritime. 

Variable Hard Soft Natural P

DBH (cm) 57.57 ± 1.74 60.89 ± 1.89 60.37 ± 2.10 0.368

Tree Height 29.15 ± 0.50 29.19 ± 0.49 30.01 ± 0.70 0.498
Habitat (m)

Tree Height <5 27.70 ± 0.40 43.50 ± 0.40 -
Matrix1 (m)

Tree Species 40.47± 0.41 T. het. 39.85± 0.41 T. het. 44.72± 0.47 T. het. 0.876
Composition 24.12 ± 0.41 A. ama. 25.67 ± 0.41 A. ama. 31.35 ± 0.47 A. ama.
(%) 15.76 ± 0.42 T. pli. 10.51 ± 0.42 T. pli. 12.71 ± 0.47 T. pli.

9.53 ± 0.42 T. mer. 9.05 ± 0.42 T. mer. 4.62 ± 0.47 T. mer.
8.47 ± 0.41 C. noo. 13.45 ± 0.41 C. noo. 6.27 ± 0.47 C. noo.

Elevation (m) 680.43 837.16 509.16 -

BEC 57.5 CWHvm1 68.4 CWHvm1 72.7 CWHvm10.501
Composition 2 15 CWHms1 2.6 CWHms1 3.0 CWHms1
(%) 12.5 CWHvm2 13.2 CWHvm2 12.1 CWHvm2

5.0 CWHmm1 2.6 CWHmm1 3.0 CWHmm1
5.0 MHmm1 10.5 MHmm1 3.0 MHmm1
2.5 CWHds1 2.6 CWHxm2 6.1 CWHds1
2.5 CWHxm2
2.5 CWHdm

1 Mitchell
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Methods

Microclimate Sampling

We randomly selected one of the two trees at 
the edge and the interior of each site to install 
dataloggers for microclimate sampling. Both the 
edge and interior of any given site were sampled 
in the same year during the same summer for the 
same 14 consecutive day period. These 14 day 
periods were equally divided between the period 
of 31 May – 30 June and 1 July – 31 July, to 
avoid seasonal bias (P = 0.764). Each edge-type is 
equally represented between the two months. The 
edge and interior at any given site was sampled. 
The mean installation height was 25.68 m ± 3.22 
m at edges and 25.69 m ± 3.12 m at interiors. 
Dataloggers were left in the edge and interiors of 
each site for approximately 14 days, during which 
they simultaneously sampled temperature (°C), 
dewpoint (°C), relative humidity (%), and abso-
lute humidity (%). Dataloggers began sampling 
at 1800 h on the day of installation, and recorded 
variables every 15 minutes until 0600 h on the 
day of retrieval. We measured microclimate data 
in Jordan River, Nimpkish and Squamish, but not 
Desolation Sound. 

Because selected trees had murrelet platforms, 
our microclimate results directly address differ-
ences within this habitat stratum. There were no 
significant differences in branch thickness or 
height of datalogger placement (both of which 
could presumably affect microclimate) among our 
variables of interest (edges vs. interior of hard, soft, 
and natural edge types; all P > 0.122). We were 
unable to directly control for the bias of interan-
nual climate variability. However, because edge-
types and edge proximities were sampled equally 
within each region during each year, interannual 
variability should not affect our comparisons of 
interest. For example, warmer years may affect 
overall conditions within regions, but they should 
not affect the relative differences between edges 
and interiors of different edge-types.

Habitat variables were sampled in randomly 
selected plots (see below). Ibutton dataloggers 
(Maxim/Dallas, Sunnyvale, CA) were used at 45 

sites and HOBO dataloggers (Onset Computer 
Corp. Bourne, MA) were used at 50 sites. They 
are professional grade equipment designed to 
measure the same variables with a high level 
of accuracy. The accuracy of both Ibutton and 
HOBOdataloggers was ± 0.5 °C and ± 2.5%. The 
Ibutton had a temperature range of -40 °C to 85 
°C, the HOBO had a temperature range of 0 °C 
to 50 °C, and both operated within the range of 
0 – 100% humidity.

Habitat Sampling

We sampled habitat predictors of epiphyte avail-
ability within randomly-selected 25 m radius plots 
within the forest edge and interior (see above 
for edge and interior definitions). Within each 
habitat plot, we selected 10 canopy/subcanopy 
trees (�q 10cm diameter or reaching the canopy 
of the surrounding forest) using random distances 
and bearings. For each tree, we recorded species, 
diameter at breast height (DBH) and tree height. 
Total epiphyte cover on each tree was scored from 
zero to four (0 = none, 1 = trace, 2 = 1-33%, 3 = 
34-66%, 4 = 67-100%), which has been used pre-
viously in similar studies (Newmaster et al. 2003, 
Fenton and Frego 2005, Nelson and Halpern 2005), 
and is a relevant component of marbled murrelet 
habitat (Burger and Bahn 2004). The number of 
trees within each plot with at least one potential 
murrelet platform was also recorded (“platform 
tree density”). All team members were trained 
together for consistency and each sampled an 
equal number of edge-types in one region only. 
Table 2 summarizes habitat variables by edge-type. 
Although we did not identify specific epiphytes 
in the canopy, previous research has documented 
the epiphytic community of this region in detail. 
Baldwin and Bradfield (2005, 2007), Newmaster 
et al. (2003) and Pojar and MacKinnon (1994) 
found the epiphyte community on branches and 
twigs to be primarily composed of the mosses 
Antitrichia curtipendula, Neckera douglasii and 
Isothecium myosuroides, with numerous liverwort 
species, including Frullania tamarisci and Por-
ella navicularis; however, many other species of 
epiphytes were documented. 
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± 0.71°C). In contrast, there appeared to be little 
difference in mean residual humidity between 
edge-types (F2,72 = 1.83, P = 0.18; Table 3). 

Epiphyte Habitat

We detected significant edge proximity*edge-type 
effects (F2,101 = 6.36, P = 0.003; Table 4) on mean 
residual epiphyte cover score. The difference 
between hard edges (1.78 ± 0.25) and interiors 
(2.03 ± 0.25) was much larger compared to soft 
edges (1.90 ± 0.46) and interiors (2.00 ± 0.27). 
Natural edges (2.43 ± 0.29) and interiors (2.21 ± 
0.29) had the highest scores. 

Mean residual platform tree density varied 
significantly by edge proximity (F1,96 = 10.40, P
= 0.002; Table 4) and edge-type (F2,101 = 6.50, P
= 0.002; Table 4). Hard edges (3.76 ± 6.72) and 

interiors (15.70 ± 9.29) had substantially lower 
mean residual platform tree densities relative 
to both soft edges (16.02 ± 5.14) and interiors 
(26.80 ± 6.6) and natural edges (31.45 ± 6.8) and 
interiors (33.02 ± 6.6).

Discussion

Patch-Level Variation in Microclimate and 
Habitat Variables

Our results demonstrate significant anthropogenic 
edge effects on epiphyte availability in old-growth 
forests in four regions of south-western Brit-
ish Columbia. Despite only small differences 
in microclimate measured between treatments, 
habitat variables varied significantly with respect 
to both edge proximity and edge-type. Both hard 
and soft edges had less epiphyte cover compared 

TABLE 3. Microclimate variables at edge and interior plots of hard, soft and natural edge types. Values are least-squared means 
residuals added to standard values ± 95% confidence intervals. Maximum temperature and humidity did not have 
significant edge proximity*edge-type interactions, therefore values for the edge-type patch are presented. Mean 
temperature, VPD, maximum temperature and humidity residuals were added to standard values of 15.17°C, 2.0hPa, 
19.62°C and 79.17%, respectively. P values refer to the edge proximity*edge-type interaction in the models. 

________Hard_________ _________Soft_________ ________Natural________ Model
Variable Edge Interior Edge Interior Edge Interior N P Parameters

         Edge Proximity,
Temperature 15.47 ± 0.44 15.03 ± 0.45 15.48 ± 0.52 15.47 ± 0.52 14.72 ± 0.54 15.14 ± 0.53 156 0.005 Edge-Type

        Edge Proximity,
VPD 2.32 ± 0.74 1.91 ± 0.74 1.38 ± 0.87 1.68 ± 0.87 1.92 ± 0.83 2.76 ± 0.83 143 0.009 Edge-Type

Maximum
Temperature 19.68 ± 0.61 20.02 ± 0.71 18.84 ± 0.73 156 0.063 Edge-Type

Humidity 78.30 ± 2.17 81.31 ± 2.65 78.42 ± 2.63 143 0.179 Edge-Type

TABLE 4. Habitat variables at edge and interior plots of hard, soft and natural edge types. Values for epiphyte cover are least-
squared means of residuals added to a standard value of 2.0 ± 95% confidence intervals. Values for platform tree 
density are means ± 95% confidence intervals, as there was no significant edge proximity*edge-type interaction. P
values refer to the edge proximity*edge-type interaction in the models. Bold model parameters indicate significant 
effects in the model.

________Hard_______ ______Natural______ ________Soft________         Model
Variable Edge Interior InteriorInterio 
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to adjacent interiors, whereas natural edges had a 
higher epiphyte cover relative to interiors. More-
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may contribute towards murrelets’ selection of 
these areas. 

The physical and stand level characteristics of 
bryophytes that were measured in our study are 
directly related to specific habitat variables that are 
selected by marbled murrelets (Burger and Bahn 
2004). However, the relevance of these findings to 
murrelet conservation and management depends 
on whether these differences in moss availability 
are large enough to significantly impact marbled 
murrelets. We observed an average of 27 platform 
trees/ha in natural-edged patches, versus 9 platform 
trees/ha in hard-edged patches. In comparison, 
marbled murrelet nesting density can be as low 
as 0.11 nests/ha (Conroy et al. 2002). Therefore, 
it appears that even the relatively low density of 
platform trees at hard-edged patches could provide 
sufficient habitat availability for murrelets. In Brit-
ish Columbia, the presence of mossy platforms is 
an important criterion for ranking potential murrelet 
habitat suitability based on helicopter over flights 
(Waterhouse et al. 2009). However, availability of 
mossy platforms is only one component of habitat 
suitability. Murrelets appear to incorporate many 
factors into nest site selection, including access, 
overhead foliage cover and proximity to feeding 
areas at multiple scales (Manley 1999, Waterhouse 
et al. 2002, Zharikov et al. 2006). Consequently, 
if only small subsets of the available platforms 
are suitable based on the combination of all these 
criteria, edge effects have the potential to reduce 
the availability of platforms below thresholds 
required by marbled murrelets (e.g., Burger and 
Waterhouse 2009). These thresholds are most likely 
to be exceeded in highly fragmented landscapes, 
where a large proportion of habitat area is influ-
enced by edge effects.

Conclusions

The influence of forest fragmentation on marbled 
murrelet habitat suitability in southwestern Brit-



559Edge Effects on Murrelet Habitat

River, and to all field personnel and tree climbers 
who aided in data collection, Jenn Barrett for her 
help with GIS, Mala Fernando for her discussions 
on bryophyte biology and to two anonymous 
reviewers for their valuable input on improving 
this manuscript. This research was supported by 
the British Columbia Forest Science Program and 
Forest Investment Account, B.C. Timber Sales, 

Western Forest Products, Canadian Forest Prod-
ucts, Timberwest Forest Corporation, Terminal 
Forest Products, International Forest Products, 
Island Timberlands LP, Cascadia Forest Products, 
Weyerhaeuser Canada, an NSERC-IPS scholar-
ship to J. M. Malt, and an NSERC-CRD grant to 
D. B. Lank, and the Centre for Wildlife Ecology 
at Simon Fraser University.

Literature Cited

Baldwin, L. K., and G. E. Bradfield. 2005. Bryophyte 
community differences between edge and interior 
environments in temperate rain-forest fragments 
of coastal British Columbia. Canadian Journal of 
Forest Research 35:580-592.

Baldwin, L. K., and G. E. Bradfield. 2007. Bryophyte 
responses to fragmentation in temperate coastal 
rainforests: a functional group approach. Biological 
Conservation 136:408-422.

Bradley, R. W., F. Cooke, L. W. Lougheed, and W. S. 
Boyd. 2004. Inferring breeding success through 
radiotelemetry in the marbled murrelet. Journal 
of Wildlife Management 68:318–331.

British Columbia Ministry of Environment Lands and Parks 
and British Columbia Ministry of Forests. 1998. 
Field Manual for Describing Terrestrial Ecosystems. 
Research Branch, Victoria, British Columbia.

Brosofske, K. D., J. Chen, R. J. Naiman, and J. F. Franklin. 
1997. Harvesting effects on microclimatic gradients 
from small streams to uplands in Western Washing-
ton. Ecological Applications 7:1188-1200. 

Burger, A. E. 2001. Using radar to estimate populations 
and assess habitat associations of marbled murre-
lets. Journal of Wildlife Management 65:696–715.

Burger, A. E. 2002. Conservation assessment of marbled 
murrelets in British Columbia: a review of the biol-
ogy, populations, habitat associations and conserva-
tion. Technical Report Series No. 387. Canadian 
Wildlife Service, Pacific and Yukon Region, British 
Columbia. http://www.sfu.ca/biology/wildberg/
bertram/mamurt/PartA.pdf

Burger, A. E., and V. Bahn. 2004. Inland habitat associa-
tions of marbled murrelets on southwest Vancouver 
Island, British Columbia. Journal of Field Ornithol-
ogy 75:53-66.

Burger, A. E., M. M. Masselink, A. R. Tillmanns, A. R. 
Szabo, M. Farnholtz, and M. J. Krkosek. 2004. 
Effects of habitat fragmentation and forest edges 
on predators of marbled murrelets and other for-
est birds on southwest Vancouver Island. In T. D. 
Hooper (editor), Proceedings of the Species at Risk 
2004 Conference, March 2-6, 2004, Victoria, British 
Columbia. Pp. 1-19.

Burger, A. E., and R. E. Page. 2007. The need for biological 
realism in habitat modeling: a critique of Zharikov 
et al. (2006). Landscape Ecology 22:1273–1281.

Burger, A. E., and F. L. Waterhouse. 2009. Relation-
ships between habitat area, habitat quality, and 
populations of nesting Marbled Murrelets. British 
Columbia Journal of Ecosystem Management
10:101–112. Available online at http://www.forrex.
org/publications/jem/ISS50/vol10_no1_art10.pdf. 
(accessed on 31 October, 2011).



560 van Rooyen, Malt, and Lank

Dynesius, M., M. Astrom, and C. Nilsson. 2008. Microcli-
matic buffering by logging residues and forest edges 
reduces clear-cutting impacts on forest bryophytes. 
Applied Vegetation Science 11:345-354.

Esseen, P. A. 2006. Edge influence on the old-growth 
indicator lichen Alectoria sarmentosa in natural 
ecotones. Journal of Vegetation Science 17:185-194.  

Fenton, N. J., and K. A. Frego. 2005. Bryophyte (moss 
and liverwort) conservation under remnant cano-
py in managed forests. Biological Conservation 
122:417-430.

Franklin, J. F., D. Rae Berg, D. A. Thornburgh, and J. 
C. Tappeiner. 1997. Alternative silvicultural ap-
proaches to timber harvesting: variable retention 
harvest systems. In K. A. Kohm and J. F. Franklin 
(editors), Creating a Forestry for the 21st Century. 
Island Press, Washington, D.C. Pp. 111-139.

Gratowski, H. J. 1956. Windthrow around staggered 
settings in oldgrowth Douglas-fir. Forest Science 
2:60–74.

Harper, K. A., and S. E. MacDonald. 2002. Structure and 
composition of edges next to regenerating clear-cuts 
in mixed-wood boreal forest. Journal of Vegetation 
Science 13:535-546.

Harper, K. A., S. E. MacDonald, P. J. Burton, J. Q. Chen, 
K. D. Brosofske, S. C. Saunders, E. S. Euskirchen, 
D. Roberts, M. S. Jaiteh, and P. A. Esseen. 2005. 
Edge influence on forest structure and composition 
in fragmented landscapes. Conservation Biology 
19:768-782.

Heithecker, T. B., and C. B. Halpern. 2007. Edge-related 
gradients in microclimate in forest aggregates 
following structural retention harvests in western 
Washington. Forest Ecology and Management 
248:163-173.

Hylander, K. 2005. Aspect modifies the magnitude of 
edge effects on bryophyte growth in boreal forests. 
Journal of Applied Ecology 42:518-525.

Hylander, K., B. G. Jonsson, and C. Nilsson. 2002. Evalu-
ating buffer strips along boreal streams using 
bryophytes as indicators. Ecological Applications 
12:797-806.

Jules, E. S., E. J. Frost, S. L. Mills, and D. A. Tallmon. 
1999. Ecological consequences of forest fragmenta-
tion in the Klamath region. Natural Areas Journal 
19:368–378.

Klinka, K., J. Pojar, and D. V. Meidinger. 1991. Revision 
of biogeoclimatic units of coastal British Columbia. 
Northwest Science 65:32-47.

Malt, J. M., and D. B. Lank. 2007. Temporal dynamics of 
edge effects on nest predation risk for the marbled 
murrelet. Biological Conservation 140:160-173.

Malt, J. M., and D. B. Lank. 2009. Marbled murrelet 
nest predation risk in managed forest landscapes: 
dynamic fragmentation effects at multiple scales. 
Ecological Applications 19:1274-1287.

Manley, I. A. 1999. Behaviour and habitat selection of 
marbled murrelets nesting on the Sunshine Coast. 

M.S. Thesis. Simon Fraser University, Burnaby, 
British Columbia.

Matlack, G. R. 1993. Microenvironment variation within 
and among forest edge sites in the eastern United 
States. Biological Conservation 66:185-194.

McShane, C., T. Hamer, H. Carter, G. Swartzman, D. Fri-



561Edge Effects on Murrelet Habitat

Proctor, M. C. F. 2000. Physiological ecology. In J. A. 
Shaw and B. Goffinet (editors), Bryophyte Biol-
ogy. Cambridge University Press, Cambridge, UK. 
Pp. 225-247.

Rambo, T. A., and M. P. North. 2008. Spatial and temporal 
variability of canopy microclimate in a Sierra Ne-
vada riparian forest. Northwest Science 82:259-268.

Rambo, T. A., and M. P. North. 2009. Canopy microclimate 
response to pattern and density of thinning in a 
Sierra Nevada forest. Forest Ecology and Manage-
ment 257:435-442.

Raphael, M. G., D. Evans Mack, J. M. Marzluff, and J. M. 
Luginbuhl. 2002. Effects of forest fragmentation 
on populations of the marbled murrelet. Studies in 
Avian Biology 25:221-235.


