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Relating Microclimate to Epiphyte Availability: Edge Effects on Nesting
Habitat Availability for the Marbled Murrelet

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 muee!éf (a7 A% "arima at’y

a threatened seabird that nests on moss platforms in old-growth forests of the coastal Paci ¢ lflorthwest in North Aerica.
We investigated microclimate and epiphyte availability in old-growth forests of southwesternrigish Glumbia, @nada. We
contrasted mean and maximum temperature, mean humidity, mean vapor pressure de cit (VP) 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). ifferences measured in VP 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. #ge effects may decline with time
after harvesting, as clearcuts regenerate and patch
contrastlessens (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). @nsidering 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.

Aimals 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 @ra_fy a £ marme ary), athreat-
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
Paci c Northwest coast (Bger 2002, Raphael
2002, McShane et al. 2004). ppropriate tree
branch characteristics and bioclimatic conditions
are necessary for platform development (Bger
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 (Bger
2002, Silvergeiter 2009). #ge 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 inr&-

550 van Rooyen, Malt, and Lank



that had old-growth forest standg250 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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TB2. Physical and biotic characteristics of hard, soft and natural edge types. 1B, 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. Eevation effects were controlled for in the data anatygaues correspond to
comparisons of variables between edge-types. &ronyms for tree species and biogeoclimatic units are as follows:
ko T, %a ﬁﬂt‘mAIy a, A. ama.  Abtg alabtl, T, I Tf'»”ja“ I ata, T. Mmer Ty Yea Mept ang lana, C. nee.

Chama ey, arg neatsatay§, WHvm1 Gastal Western Hemloclf, Submontane Very Wet Maritime, &/Hvm2
Gastal Western Hemlock, Montane Very Wet Maritime, @/Hms1 @Gastal Western Hemlock, Southern Moist
Submaritime, @Hmm1 QGastal Western Hemlock, Submontane Moist Maritime, @Hds1 Gastal Western
Hemlock, Southern ry Submaritime, @Hdm @astal Western Hemlock, ry Maritime, ®/Hxm2 Gastal
Western Hemlock, Western Very ry Maritime and MHmm1 Mountain Hemlock, Windward Moist Maritime.

Variable Hard Soft Natural P
1 (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 -
Matrix* (m)
Tree Species 40.47-0.4T k4. 39.85-0417T ta. 44.72—- 047 T b a. 0.876
@mposition 2412 -0.41 A. ama. 25.67—-0.41 A. ama. 31.35-0.47 A. ama.
(%) 15.76 - 0.42 T'IL I 10.51-0.42 T’p. I 12.71-0.47 T’p. I

9.53-0.42 T me 9.05-0.42T mey 4.62—-047T mey;

8.47—-0.41 C. nee. 13.45-0.41 C. nee. 6.27 — 0.47 C. nee.
Evation (m) 680.43 837.16 509.16 -
B 57.5 @/Hvm1 68.4 G/Hvm1 72.7 ®/Hvm10.501
@mposition 2 15 @/Hms1 2.6 ®/Hms1 3.0 @Hms1
(%) 12.5 @/Hvm2 13.2 @/Hvm2 12.1 @/Hvm2

5.0 @Hmm1 2.6 G/Hmm1 3.0 @HmMm1

5.0 MHmm1 10.5 MHmm1 3.0 MHmm1

2.5 G/Hds1 2.6 B/Hxm2 6.1 @/Hds1

2.5 B/Hxm2

2.5 G/Hdm
1 Mitchell
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Methods
Mc: ¢ mate Sap 5 «

We randomly selected one of the two trees at
the edge and the interior of each site to install
dataloggers for microclimate sampling.d@h the

edge and interior of any given site were sampled

sites and HOB dataloggers (Onset @mputer
@p.@irne, MAwere 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
HOBdataloggers was —0.5 @nd —2.5%. The
Ibutton had a temperature range of -40 @ 85

in the same year during the same summer for the (the HOB had a temperature range of 0 C

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 bia® € 0.764). Bch edge-type is

to 50 Cand both operated within the range of
0 100% humidity.

Hab tat Say, -~y .

equally represented between the two months. The \ye sampled habitat predictors of epiphyte avail-

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.
ataloggers were left in the edge and interiors of
each site for approximately 14 days, during which
they simultaneously sampled temperature (
dewpoint ( 1 relative humidity (%), and abso-
lute humidity (%) ataloggers 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
esolation Sound.

dause selected trees had murrelet platforms,
our microclimate results directly address differ-
ences within this habitat stratum. There were no
signi cant 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; @l> 0.122). We were
unable to directly control for the bias of interan-
nual climate variability. However, because edge-

ability within randomly-selected 25 m radius plots
within the forest edge and interior (see above
for edge and interior de nitions). Within each
habitat plot, we selected 10 canopy/subcanopy
trees (g10cm diameter or reaching the canopy
of the surrounding forest) using random distances
and bearings. For each tree, we recorded species,
diameter at breast height (B) 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 (Bger anddhn 2004). The number of
trees within each plot with at least one potential
murrelet platform was also recorded ( platform
tree density ). hteam 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.
Bhough we did not identify speci ¢ epiphytes

in the canopy, previous research has documented

types and edge proximities were sampled equally the epiphytic community of this region in detail.
within each region during each year, interannual @dwin andrad eld (2005, 2007), Newmaster

variability should not affect our comparisons of
interest. For example, warmer years may affect
overall conditions within regions, but they should

et al. (2003) and Pojar and MacKinnon (1994)
found the epiphyte community on branches and
twigs to be primarily composed of the mosses

not affect the relative differences between edges Anrirt hig - YUprl an™Uiy, N o <éra e % b rand

and interiors of different edge-types.

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

feth e tUmmy o U g with numerous liverwort
species, includingr“/anta tamar§ 1 and Pe r-
¢lly navi “larg ; however, many other species of
epiphytes were documented.
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TE3. 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% con dence intervals. Maximum temperature and humidity did not have
signi cant edge proximity*edge-type interactions, therefore values for the edge-type patch are presented. Mean
temperature, VP, maximum temperature and humidity residuals were added to standard values of 15.17 (2.0hPa,
19.62 @nd 79.17%, respectively. P values refer to the edge proximity*edge-type interaction in the models.

Hard Soft Natural Model

Variable Hge Interior Hge Interior Hge Interior N P Parameters
Hge Proximity,

Temperature 15.47 - 0.44 15.03-0.45 15.48-052 1547-052 14.72-054 1514-053 156 0.005 Hge-Type
Hge Proximity,

VP 232-074 191-074 138-0.87 168-0.87 192-0.83 276-0.83 143 0.009 Hge-Type

Maximum

Temperature 19.68 — 0.61 20.02-0.71 18.84-0.73 156 0.063  Hge-Type

Humidity 78.30-2.17 81.31-2.65 78.42 - 2.63 143 0.179  Hge-Type

TE2. 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% con dence intervals. Values for platform tree
density are means — 95% con dence intervals, as there was no signi cant edge proximity*edge-type intefaction.
values refer to the edge proximity*edge-type interaction in the models.@d model parameters indicate signi cant

effects in the model.

Hard Natural

Soft Model

Variable Interior

Hge

—0.71 ¥ In contrast, there appeared to be little
difference in mean residual humidity between
edge-typesK, ,, = 1.83, P = 0.18; Table 3).

E -+ te Habtat

We detected signi cant edge proximity*edge-type
effects ¢, ,,, = 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
signi cantly by edge proximity {’, ¢, = 10.40, P
=0.002; Table 4) and edge-typée( ,, = 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

Paic -Lese Varat,,, Mc: ¢ nafeg d
Hab tat Va-ab e&

Our results demonstrate signi cant anthropogenic
edge effects on epiphyte availability in old-growth
forests in four regions of south-western -

ish @lumbia. espite only small differences

in microclimate measured between treatments,
habitat variables varied signi cantly with respect
to both edge proximity and edge-type.d@h hard
and soft edges had less epiphyte cover compared
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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 speci c habitat variables that are
selected by marbled murrelets (Bger anddhn
2004). However, the relevance of these ndingsto
murrelet conservation and management depends
on whether these differences in moss availability
are large enough to signi cantly impact marbled
murrelets. We observed an average of 27 platform
trees/hain 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 (@Gnroy et al. 2002). Therefore,
it appears that even the relatively low density of
platform trees at hard-edged patches could provide
suf cient habitat availability for murrelets. Inri2-
ish @umbia, the presence of mossy platforms is
an important criterion for ranking potential murrelet
habitat suitability based on helicopter over ights
(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). Ghsequently,
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.,Bger and
Waterhouse 2009). These thresholds are most likely
to be exceeded in highly fragmented landscapes,
where a large proportion of habitat area is in u-
enced by edge effects.

Conclusions

The in uence of forest fragmentation on marbled
murrelet habitat suitability in southwesternri-
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