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The influence of human disturbance on the nesting success of birds is well
documented. Human disturbance can influence, either directly or indirectly, species richness
as well as nesting success (Wright 1913, Van der Zande et al. 1980, Westmoreland and Best
1985, Gutzwiller et al. 1998, Fernandez-Juicic 2000). Among birds, ground-nesting seabirds
including alcids appear to be especially sensitive to human disturbance (e.g. Burger 1981,
Piatt et al. 1990, Gotmark 1992), particularly during the incubation period. For instance,
disturbance during the incubation period may lead to temporary or prolonged desertion of
eggs which results in increased hatch failure (Cairns 1980, Sealy 1984, Pierce and Simons
1986, Piatt. et al. 1990, Gotmark 1992), or predation on the eggs (Piatt et al. 1990).

Marbled Murrelets (Brachyramphus marmoratus), in contrast to other alcids,
typically nest on large branches in old-growth coniferous forests (Nelson 1997). Nest
branches are usually high above ground, often averaging 40+ m above ground (Hamer and
Nelson 1995). Nesting at such heights may be sufficient to minimize or isolate the nest from
the potential impact of ground disturbances (but see Hamer and Nelson 1998). Therefore,
literature on the sources and effects of human-caused disturbance on ground nesting seabirds
and other colonial waterbirds (Pierce and Simons 1986, Piatt et al. 1990; Lyngs 1994, Brown
and Morris 1995, Burger and Gochfeld 1999, Carney and Sydeman 1999) are of limited
relevance to Marbled Murrelets.

Over the last 30-50 years, Marbled Murrelet populations have declined as a result of
habitat loss (see Perry 1995) resulting from the harvest of old growth coniferous forests
(Carter and Erickson 1992, Rodway et al. 1992, Carter and Kuletz 1995, Kelson et al. 1995),
as well as other anthropogenic disturbances (Carter and Sealy 1982, Sealy and Carter 1984,

Carter and Morrison 1992). Consequently, the Marbled Murrelet was listed as endangered in
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California in 1992 (Larsen 1991, Calif. Fish and Game Comm. 1992). Later, the populations
in Washington, Oregon, and California all received federal listing as threatened (US Fish and
Wildlife Service 1992) from the Endangered Species Act.

In accordance with the Endangered Species Act, the U.S. Fish and Wildlife Service
constructed the Marbled Murrelet Recovery Plan (US Fish and Wildlife Service 1997) to
promote the survival and recovery of Marbled Murrelet populations in California, Oregon
and Washington. Several procedures have been implemented to reduce human-related
disturbances at Marbled Murrelet nests, including: a) scheduling the timing of human-caused
disturbances in nesting habitat to occur outside the breeding season, b) reducing the level of
direct disturbance of nests by human presence during the breeding season, c) reducing the
numbers of nest predators (i.e., mainly corvids) in areas with human disturbance during the
breeding season, and d) reducing the unnatural attraction of predators to specific forest areas
(with human disturbance) during the breeding season (U. S. Fish and Wildlife Service, 1997).

In northern California, the largest population segment of Marbled Murrelets is
associated with Redwood National and State Parks (hereafter RNSP) in northern Humboldt
County (Ralph and Miller 1995). As such, management in RNSP (Humboldt and Del Norte
Counties, California), in accordance with the Marbled Murrelet Recovery Plan (U. S. Fish
and Wildlife Service 1997) and Section 7 of the Endangered Species Act, has attempted to
reduce human-caused disturbance in five categories: noise pollution; visual human
disturbance; predator numbers to natural levels; predator attraction; and air pollution (RNSP
General Management Plan 2000). To comply effectively with the Marbled Murrelet
Recovery Plan (U. S. Fish and Wildlife 1997), management of RNSP needed to determine

whether Marbled Murrelets on nests respond to human disturbance associated with the
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maintenance and use of public trails, and any accompanying visual or auditory disturbance.
If murrelets respond negatively (i.e. change in behavior, abandon egg or chick) to
disturbances associated with the use and maintenance of trails, or disturbance from highway
intrusions, then changes in park management and park use may be required. Further, the rate
of disturbance on the productivity of Marbled Murrelets will allow informed decisions on
priorities that effect conservation.

For several avian species, human activities can cause adult birds to leave their
nests unattended, exposing eggs and chicks to nest predators and also expose adult birds to
predation (Ellison and Cleary 1978, Fetterolf 1983, Hamer and Nelson 1998). This risk of
predation to birds is exacerbated when noise pollution resulting from anthropogenic activities
also attracts nest predators such as corvids (Gotmark 1992, Gutzwiller et al. 2002). Further,
indirect consequences of disturbance can include increased time in vigilant behavior and
higher levels of energy expenditure (Stillman and Goss-Custard 2002, Peters and Otis 2005).

Minimizing nest disturbance is a prudent conservation effort, especially for species at
risk of extinction (Long and Ralph 1998). Although it is known that Marbled Murrelet adults
and chicks can be disturbed by auditory and visual stimuli (Hamer and Nelson 1998), there is
very little specific data available on the response of murrelets to anthropogenic disturbances.
Most research in old-growth forests between 1987 and 2000 had not addressed directly the
potential impacts of human-caused disturbance on breeding Marbled Murrelets (Nelson and
Sealy 1995, Nelson 1997). Although murrelets have nested near campgrounds and other
areas of high human use (e.g., near park amphitheaters), the success of these nests were not

known (E. Burkett, pers. comm.). The lack of data relating nest success to anthropogenic
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disturbance makes it difficult to develop appropriate protective measures that can improve
the conservation of Marbled Murrelets.

The issue of human disturbance is compounded further by fragmentation of nesting
habitat. Studies have shown that habitat fragmentation, and intrusions by roads and trails
cause changes in the faunal community (Sakai 1988). For example, there can be an increase
in the number of predators, such as Steller’s Jay (Cyanocitta stelleri) that occur along forest
edges (George and Brand 2002). The increase in the number of predators is thought to be
responsible for the decrease in reproductive success for birds that occupy fragmented habitats
(George and Brand 2002, Manolis et al. 2002). Further, reproductive success can be affected
negatively by human disturbance associated with specific human intrusions such as trails or
roads (Van der Zande 1980, Miller et al. 1998). Thus, habitat fragmentation results in loss of
habitat and the edges associated with this fragmentation compound the negative impact of
deterministic events (such as anthropogenic disturbance) in the remaining habitat.

Greater knowledge of the behavioral responses of Marbled Murrelet adults and chicks
to various forms of human disturbance or related predator actions, would allow managers to
evaluate possible strategies to reduce certain types of human disturbance during the breeding
season. Such strategies could allow for other park activities to occur without direct impacts
to murrelets, and minimize the potential impact of predators on murrelet nest success. The
purpose of our study was to examine the effect of human-related noise pollution, visual
human disturbance, and their influence on predator attraction. Results from this study will
also have useful insights for managers of road systems or other anthropogenic activities in

similar old-growth forest settings.
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METHODS
CAPTURE

We captured Marbled Murrelets in the coastal waters of northern California between
Big Lagoon and Gold Bluffs Beach (N 41.186: W 124.135 and N 41.388: W 124.062,
respectively; 2001 — 2003), and in Trinidad Bay (N 41.069: W 124.171; 2002). Capture
occurred between 2100h and 0400h, using the night-lighting and dip net technique
(Whitworth et al. 1997). Capture crews, equipped with high intensity spotlights and a long-
handled dip net, searched near-shore waters (within 5 km of shore) in two 4.5-m inflatable
boats. A third 4.5-m inflatable boat served as a transport boat, and a safety/backup boat.
Captured Marbled Murrelets were transported, inside plastic tubs with lids, from the capture
boat to a larger boat (or pier in Trinidad Bay) to collect data on morphology, attach radio-
transmitters, and collect blood samples (hereafter handling process). Birds captured between
Big Lagoon and Gold Bluffs Beach were processed on either the Humboldt State University
research vessel Coral Sea (in 2001 - 2003), or a chartered 15-m fishing-trawler (in 2002 and
2003).
HANDLING PROCESS

We first examined murrelets for the presence of a brood patch. When present, brood
patches were scored using the scale developed by Sealy (1974). Murrelets with a brood
patch were examined using ultrasound to assess their reproductive status. In addition, we
measured mass (g) using a 300-g Pesola spring scale, as well as bill length and depth (mm),
and flattened wing chord length using dial calipers. Each murrelet was then banded with a
U.S. Geological Survey stainless steel leg band. To each Marbled Murrelet captured, we

attached a 2-g radio-transmitter with a unique frequency (Model BD-2G, Holohil Systems
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Ltd., Ontario Canada) using a subcutaneous anchor (Mauser and Jarvis 1991), following the
procedure described by Newman et al. (1999). A sub-sample of murrelets was sedated with
Isoflurane prior to radio-attachment to assess the technique (Appendix A). Following
attachment of the radio-transmitter we attempted to collect 1.5 - 2.0 ml of blood for analysis
of reproductive hormones and for sex determination from genomic DNA using the methods
outlined by Griffiths et al. (1996, 1998). After radio-attachment and blood collection,
murrelets were returned to the plastic holding tubs for approximately 20 min, after which
they were transported to their capture-site and hand-released onto the water. We observed
the murrelets for normal behavior for approximately 30 seconds, or as deemed appropriate
based on the behavior of the bird. All birds exhibited normal behavior (flying, diving,
preening) when released.
LOCATION OF NEST TREES

Locations of radio-marked birds in forests (and at sea; Chapter 3) were determined
from fixed-wing aircraft (Cessna 182 or 185). Aircraft were equipped with a receiver (model
R4000, Advanced Telemetry Systems, Inc., Isanti, Minnesota) and either a 2-element H-
antenna or a single-element omni-directional antenna. Locations of radio-marked Marbled
Murrelets were established using a global positioning system (GPS) and aerial telemetry
procedures (Gilmer et al., 1981, Whitworth et al. 2000a, b).

In 2001, the first aircraft flight occurred on 13 April (the morning after the first
capture session) and the last flight occurred on 19 August. In 2002, the first flight occurred
on 13 April and the last flight occurred on 28 August. In 2003, the first flight occurred on 17

April and the last flight occurred on 11 August. Flights were conducted between 0800h and
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2030h. The departure time and length of the flight depended on the weather, location of
birds, and number of birds to be located.

A bird detected inland after 0800h was considered to have initiated nesting. Once a
potential nest initiation had been indicated by aircraft telemetry, we began a ground search
for the nest tree using an ATS receiver (Model R4000) and a 2-element H-antenna (Model
RA-2A, Telonics, Mesa, Arizona). When a tree or trees had been identified as a potential
nest site we subsequently conducted early morning observational surveys (see Paton et al.
1990) to identify the specific nest tree used by the radio-marked Marbled Murrelet. A nest
tree was identified when a murrelet was observed landing in a suspected nest tree, and the
strength of the radio signal coincided with the arrival of a bird at that tree. An investigator
then ascended an adjacent tree to confirm the location of the nest site.

HUMAN DISTURBANCE AT NEST TREES

Human disturbance within Marbled Murrelet nesting habitat can include human
activity on trails and roads that intrude into nesting habitat. We assessed the effects, if any,
of such human intrusions on Marbled Murrelet behavior and nesting success in several ways.
Specifically, we examined the potential effects of auditory and visual stimuli from humans
on the ground in proximity to nests, as well as proximity of nests to trails and roads, and to
human activity on trails. Further, we used the height above ground as a measure of distance
from the disturbance source.

Tree and Nest Height.--The extent to which ground sources of disturbance, such as
trail users, influenced Marbled Murrelet nesting success may be related to nest-site and nest-
tree characteristics and the exposure to visual stimuli. We measured tree height (m) and the

height of the nest platform (m), after the breeding season, using a clinometer and
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trigonometric equations (Van Pelt 2001). These heights were used as estimates of potential
for disturbance from visual stimuli.

We also determined visibility to the ground from the nest platform by having a tree-
climber at the nest site count the number of whole and partially (half) obscured 25 x 25-cm
squares visible on a 100 x 50-cm board (Figure 1-1). This visibility board was held
approximately 25 m from the base of the nest tree, and 0.5 m from the ground. We measured
visibility at each of the four cardinal directions, and averaged the four measures of visibility
for each nest tree. Visibility scores greater than 4 (max 8) indicate more open undergrowth
and a more open canopy below the nest platform, whereas visibility scores less than 4
indicate more dense undergrowth and a more closed sub-canopy. Visibility from the nest

platform was used as another estimate of potential for disturbance from visual stimuli.

Auditory Stimuli.--Marbled Murrelet nest site selection and nesting success may also
be influenced by auditory stimuli associated with trail users or vehicular traffic on nearby
roads. To determine if ambient sound levels influenced nest site selection, or hatching
success by Marbled Murrelets, we recorded ambient sound levels at randomly chosen sites
(2002, n =10; 2003, n = 12) in RNSP that contained old-growth coniferous trees. Sound
levels were measured using a calibrated, digital Type 1 sound level meter (Model 407750,
Extech, Waltham, MA) on a tripod approximately 1 m from the ground (configured for ‘A’
weighting, fast response, with windscreen). Measurements were obtained at the sites in the
absence of fog and with winds less than 5 m/sec (Hendricks 1998). At each site we measured
sound levels five times, which were averaged for each site. We also recorded ambient sound

levels at each nest site after the breeding season (2002 and 2003).

10



Hébert and Golightly Chapter 1

Proximity to Trails and Roads.--We examined the potential effects of trail users and
vehicular traffic on Marbled Murrelet reproductive success by determining the proximity of
nests to park trails and paved highways. We determined the distance of a nest tree to a trail
or paved road using a Geographical Information System (ArcView ver 3.3; ESRI, Redlands,
California). We plotted nest tree locations on a map of RNSP that included trails and roads
(U. S. Fish and Wildlife Service, Arcata, California; Figure 1-2). Using the “Distance” tool
in ArcView, we determined the distance of a nest site to the nearest trail (+ 1 m) and nearest
road (+ 10 m). We compared the proximity to trails and roads between nests with successful
hatching and nests that failed prior to hatching. We performed separate analyses for nest tree
locations obtained only from aircraft telemetry (larger sample size), and for locations
obtained for nest trees that were identified to the specific nest tree (exact locations). The
latter, however, were also used in the experimental sessions (see below), and thus analyses
may be biased by potential experimental error. We also caution that nest tree locations
obtained by aircraft telemetry were only estimates (although unbiased relative to roads or
trails).

Trail Activity.--In addition to proximity to a trail, potential disturbance may be a
function of the amount of activity on a trail. To determine if the amount of trail activity
influenced nesting success, we integrated trail activity (number of trail users per day) and
trail proximity. We divided the distance from a nest to a trail by the average daily number of
trail users. Trail user data were available for the four trails that were nearest to Marbled
Murrelet nest trees. Activity on Redwood Creek Trail was measured in 2001 and 2002 using
an active infrared beam. The raw data were divided by 2 to account for visitor entrance and

exit. In 2003, trail activity was monitored using a magnetic car counter placed next to the
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road leading to the trailhead. The numbers of cars were multiplied by a “persons per
vehicle” summertime average of 2.7 persons per car and then divided by 2 (for entrance and
exit). It was unknown how far visitors traveled on the trails. For purposes of categorizing
trail activity, we counted the number of people using the trail as a relative measure of user
activity.

At Lost Man Creek Trail, activity was measured by a magnetic car counter in the
roadway just before the parking lot at the end of the road and manipulated as described
above. At Orick Horse Trail, activity was measured using an active infrared beam and
divided by 2. At Davison Grove Trail, activity was measured in 2003 by counting the
number of trail users observed on a continuous recording video camera.

For each trail we averaged trail activity for all years and months, by day. To integrate
trail activity and proximity to trail, we indexed trail activity by dividing the daily average
trail users into the distance to nearest trail. The resulting number was then multiplied by 100
to yield a User Disturbance Index (UDI). Small UDI values are indicative of nest trees that
are closer to trails with high trail activity, whereas larger UDI values are indicative of trees

that are farther from high use trails, and thus should experience less disturbance.

Trail Activity and Murrelet Behavior.--In 2003 we placed a miniature video-camera
(PC106C Weatherproof C-Mount Monochrome Video Camera, Supercircuits, Liberty Hill,
TX), prior to nesting, at a nest site that was used in 2001 and 2002 (Appendix B). This nest
tree was located 25 m from an adjacent trail. A second camera was directed towards this
adjacent trail. Both the nest tree and trail cameras were linked, by cable, to a signal splitter
(QS18 Mini 12/24 Volt Monochrome Quad Processor, Supercircuits, Liberty Hill, TX)

located on the forest floor approximately 50 m from the base of the nest tree. The signal was
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then routed to a time-lapse VCR (ST-960N, Supercircuits, Liberty Hill, TX). The resulting
recording produced time synchronized images from the nest site and the trail. Videotapes
were reviewed on another time-lapse VCR, equipped with slow-motion playback capability,
connected to a monitor. We recorded the duration (+ 1 sec) of all murrelet behaviors (each
behavior category was mutually exclusive of other categories). For example, if a bird raised
its head, and 5 seconds later raised its bill, timing of the head raised behavior stopped,
regardless of whether or not the head continued to be raised, for the duration of the raised bill
behavior.

To examine the effect, if any, of the presence of trail users on the behavior of
Marbled Murrelet adults or chicks, we compared murrelet behavior before, during, and after
trail users had passed by the nest tree. Each individual or group of individuals was
considered a single disturbance event. For analyses, we set the disturbance period to include
the 3-min period prior to the arrival of the trail user(s) and the 3-min period following the
departure of the trail user(s) (Figure 1-3). The pre-disturbance period was the 6-min interval
prior to the 6-min disturbance period. That is, between 9 and 3 min before the trail user(s)
had been observed in front of the trail camera. Likewise, a 6-min post-disturbance period
included the time interval between 3 and 9 min after the disturbance period (Figure 1-3).
During each trail disturbance event, the behavior of the Marbled Murrelet adult or chick was
recorded (+ 1 sec). We calculated the proportion of time adults and chicks spent exhibiting

each behavior for each time period (i.e. pre-disturbance, disturbance, post-disturbance).
EXPERIMENTAL TEST OF HUMAN DISTURBANCE

Experimental Disturbance of Adults and Chicks.--We assessed the effects, if any, of

trail maintenance activities on the behavior and nesting success of Marbled Murrelets. We
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experimentally examined the effects of human disturbance on Marbled Murrelet adults and
chicks at the nest by exposing the nests to the sound of an operating chainsaw (Model 288,
Husqvarna, Sweden).

Before starting the chainsaw, a crew of four to five people slowly walked to the nest
tree while talking at a normal level, beginning a conversation at least 125 m from the nest
tree, and continuing to within 25 m from the nest tree. Once at the site they continued talking
at normal levels for the remainder of the protocol to test the effect of the operating chainsaw.

To test the effects of the operating chainsaw on the adult or chick, a tree-climber
equipped with a video camera (PV-L681-VHS, Panasonic, Secaucus, NJ) ascended an
adjacent tree to a position that allowed a view of the nest. A period 5 min after the climber
was positioned in the tree allowed for the test bird to acclimate to the presence of the tree
climber. Then video recording began for an initial 30-min pre-disturbance period. After the
pre-disturbance period, the chainsaw was started and operated for a 15-min disturbance
period. To mimic trail maintenance activities the chainsaw was operated alternately at full
throttle, half throttle and at idle. The disturbance period was followed by a 30-min post-
disturbance period with no chainsaw in operation. Videotapes were analyzed as described
above for trail disturbance. For each bird we calculated the average proportion of time a
behavior occurred during each of the periods (pre-disturbance period, disturbance period, and
post-disturbance period). For the purposes of analysis we used only those behaviors where
the total time the behavior was displayed made up greater than 1% of the total time of the
disturbance period.

We also recorded sound levels (dB) at 3 m from the base of the nest tree during each

experimental period, using equipment described previously. For each pre-disturbance,
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disturbance, and post-disturbance periods, we repeated sound measurements five times and
then averaged the observations for analysis.

Corvids.--During the experimental sessions, we attempted to assess corvid behavior
and how human activity may alter the potential risk of predation on Marbled Murrelets. We
conducted visual and auditory surveys during each of the pre-disturbance, disturbance, and
post-disturbance periods, in 2002 and 2003. Visual surveys were conducted from a point 25
m from the nest tree. The observer recorded all visual observations, and attempted not to
count the same individuals more than once (during each period). Auditory surveys were
conducted at 75-100 m from the nest tree, and approximately 100-125 m from the operating
chainsaw. This distance was used to minimize the effect of the operating chainsaw on the
observers ability to detect a vocalizing corvid during the disturbance period. The observer
recorded all auditory detections of corvids, but also made an effort not to count the same
individuals more than once.

NESTING SUCCESS

We calculated three measures of nesting success. First we determined hatching
success for control (all nests not exposed to experimental disturbance) and experimental
nests. Experimental nests were selected based on our ability to exactly locate nests to
conduct experiments. Aircraft telemetry and/or automated telemetry receiving stations (see
Chapter 4) located near nests allowed us to detect the typical individual Marbled Murrelet
incubation pattern (which consisted of alternating 24 h incubation bouts with 24 h bouts at
sea). This allowed us to identify a successful or unsuccessful incubation period at a nest. If
the radio-marked bird stopped the ritualized incubation pattern prematurely (complete

incubation = 28 days), we considered the nest to have failed during incubation. We
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considered hatching to be successful if the radio-marked bird maintained a pattern of
alternating 24 h incubation bouts with 24 h bouts at sea for at least 27 days. We present
hatching success as the number of eggs that hatched successfully as a proportion of the
number of nesting attempts. Nesting attempts included re-nesting attempts (if after nest-
failure, a bird was again detected inland, and sufficient time had elapsed for a new egg to be
formed and laid, we considered this a re-nest; see Hébert et al. 2003).

Secondly, we determined fledging success for nests where hatching had been
successful. Fledging success at exactly located nest sites was determined directly when a
post-breeding season tree-climber found a full fecal cup impregnated with down feathers, or
when video observation confirmed the fledging fate. For nest-sites that were not exactly
located, we used data gathered from ground-based telemetry. We considered a chick to have
fledged if the radio-marked bird was detected inland after 1800h, at least once, when the
chick was at least 25 days old. Previous studies (Hébert et al. 2003) have determined that
murrelets continue to visit nest sites even after nesting has failed (see Chapter 4, Appendix
B). However, in such instances, visits to the nest site are limited to the early morning. Thus
we used the above criterion to distinguish between murrelet visits to failed nest sites and
visits for feeding chicks. Fledging success was the number of fledglings produced as a
proportion of the number of eggs that successfully hatched.

Finally, we determined overall reproductive success, calculated as the number of
chicks fledged per nesting attempt. Given that we could not determine the outcome of some
nests due to failure of the radio-transmitter or insufficient radio-telemetry data, we calculated
minimum reproductive success (known outcomes only) and maximum reproductive success

(we assumed nests of unknown fates were all successful).
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STATISTICAL ANALYSES

All statistical analyses were performed using SPSS software (ver. 11.5, SPSS corp,
Chicago, IL). We used logistic regression to determine if nest tree/nest platform height,
visibility, and ambient sound levels influenced hatching success. We used logistic regression
to determine if the User Disturbance Index influenced hatching success. Finally, to
determine if ambient sound levels influenced nest-site selection we compared average sound
levels at the random sites with ambient sound levels recorded at the nest sites using 2-tailed t-
tests. To minimize pseudo-replication issues, we averaged the daily proportion of time a
murrelet exhibited each behavior when multiple disturbance events occurred on the same

day.

We compared the proportion of time each behavior occurred within each period and
between periods (i.e. pre-disturbance, disturbance, post-disturbance) with analysis of
variance, to examine the potential effects of experimental disturbance on murrelet adults and
chicks. When analysis of variance indicated a significant effect, we made a post-hoc analysis
using a Least Significant Difference (LSD) multi-comparison test to determine which periods
were different. We also used bivariate correlation analysis (Pearson’s 2-tailed) to determine
if the proportion of time a behavior was displayed was correlated with nest and platform
height, and visibility from the nest platform. We compared corvid numbers between periods
using a ” analysis. Given that the duration of the disturbance period was half as long as that
of the pre and post-disturbance periods, expected values for the y* analyses were adjusted
accordingly. Finally, Fisher’s Exact Test was used to compare hatching and fledging success

between control and experimental nests.
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RESULTS
CAPTURE AND HANDLING PROCESS

A total of 102 Marbled Murrelets were captured and had radio transmitters attached
during the three years. In 2001 we captured Marbled Murrelets in coastal waters adjacent to
RNSP, primarily between Big Lagoon and Gold Bluffs Beach, California (Table 1-1). In
2002 we captured Marbled Murrelets near Trinidad Bay and in coastal waters between Big
Lagoon and Gold Bluffs Beach, California. In 2003 we captured murrelets in coastal waters
between Big Lagoon and Gold Bluffs Beach, California.

We measured mass, culmen length, bill depth, flat-wing chord, and brood patch score
of Marbled Murrelets during the handling process of captured murrelets in 2001, 2002, and
2003 (Table 1-2). Handling of birds averaged approximately one hour (Table 1-2).

EFFECTS OF HUMAN DISTURBANCE AT NEST TREES

Tree and Nest Height.--Tree and nest heights could only be calculated for nests whose
location was exactly known. In 2001, the one tree that was exactly located was 87 m tall,
and the nest platform was 73 m high. This nest successfully fledged. In 2002, the mean
height of trees with nests that successfully hatched was 57.1 + 7.5 (x + SE) m (n=15)
compared to 65.9 m (n = 1) for the tree with a nest that did not successfully hatch. Height of
nests that successfully hatched was 47.6 + 4.5 m (n = 5) compared to 34.3 m (n = 1) for the
nest that did not successfully hatch. In 2003, the height of the tree with the nest that
successfully hatched was 56.6 m (n = 1) compared to 50.8 + 9.2 (n = 2) for nests that did not
successfully hatch (n = 2). The height of the nest that successfully hatched was 44.6 m, and

the height of nests that did not successfully hatch was 47.1 + 7.9 m (n = 2).
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When the data were combined across years, the height of trees with nests that
successfully hatched (61 + 7 m, n =7) was similar to that of trees with nests that did not
successfully hatch (56 + 7 m, n = 3; Logistic Regresion, P > 0.60). Nest height for nests that
successfully hatched (51 + 5 m; n = 7) was similar to that of nests that did not successfully
hatch (43 + 6, n = 3; Logistic Regression, P > 0.3). Tree and nest height were not statistically
significant between years (P > 0.1 for both comparisons).

Mean visibility to the ground from nest platforms, when the data were combined
across years, was 1.3 + 0.5 squares (n = 10). Nests that successfully hatched tended to have a
lower mean visibility to the ground compared to nests that did not successfully hatch, but this
difference was not statistically significant (Logistic Regression; P > 0.4; Table 1-3).

Auditory Stimuli.--Ambient sound levels at randomly chosen sites in RNSP averaged
40.9+0.9dB (n=10) in 2002, and 43.3 + 1.6 dB (n = 12) in 2003. The mean ambient
sound level at nest sites was 44.4 dB (n=1) in 2001, 44.8 + 2.2 dB (n = 6) in 2002, and 46.0
+5.6dB (n=3) in 2003. When the data were combined across years, mean ambient sound
levels at random sites in the park (42.2 + 0.9 dB; n =22) were similar to those recorded at
nest sites (46.6 + 2.4 dB, n =10, ANOVA, P >0.9). Sound levels at nests that successfully
hatched were similar to sound levels at nests that did not successfully hatch (Logistic
Regression, P > 0.3; Table 1-3).

Proximity to Trails and Roads-Aircraft Telemetry.--In 2001, five nests were initiated,
based on nest tree locations derived from aircraft telemetry. Nests that successfully hatched
averaged slightly more distant from the nearest trail than nests that did not successfully hatch
(Table 1-4). Conversely, nests that successfully hatched were slightly closer to the nearest

paved road than nests that did not successfully hatch (Table 1-4).
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In 2002, 19 nests were initiated. Data for one bird were omitted due to transmitter
failure during the incubation period. Nests that successfully hatched averaged a greater
distance from trails than nests that did not successfully hatch (Table 1-4). Nests that
successfully hatched and those that did not successfully hatch were similar distances from the
nearest paved road (Table 1-4).

In 2003, eight nests were initiated. The single nest that successfully hatched was a
similar distance from the nearest trail as nests that did not successfully hatch (Table 1-4).

The nest that successfully hatched was further from the nearest paved road than those that did
not successfully hatch (Table 1-4). When all nests in all years were combined, neither
distance to nearest trail nor distance to nearest paved road was a significant predictor of
hatching success (Table 1-3).

In 2001, the User Disturbance Index was 1.4 + 0.9 (n = 3) for nests that successfully
hatched compared to 0.5 + 0.3 (n = 2) for nests that did not successfully hatch. In 2002, nests
that successfully hatched had a User Disturbance Index of 1.7 + 0.5 (n = 6) compared to 3.7
+ 3.0 (n=9) for nests that did not successfully hatch. In 2003, the User Disturbance Index
for the nest that successfully hatched was 0.5 (n=1), and 15.7 + 15.3 (n = 4) for the nests
that did not successfully hatch. When the data were combined across years, User
Disturbance Index was not a significant predictor of hatching success (Table 1-3).

Proximity to Trails and Roads-Ground Telemetry (Exact Locations).--In 2001 only
one nest tree was exactly located. The chick at this nest was exposed to the sound of an
operating chainsaw when it was 28 days old and fledged two days later. This nest-tree was

closer to the nearest trail than it was to the nearest paved road (Table 1-4).

20



Hébert and Golightly Chapter 1

In 2002, six nest trees were exactly located. The five nests that successfully hatched
were farther from the nearest trail than the single nest that did not successfully hatch (Table
1-4). Nests that successfully hatched were closer to the nearest paved road, than the nest that
did not successfully hatch (Table 1-4).

In 2003, we exactly located three nest trees. The single nest-tree that successfully
hatched was much closer to the nearest trail and to the nearest paved road than the nest-trees
that did not successfully hatch (Table 1-4). When exact nest locations were used and the data
were combined across years, distance from the nearest trail and distance from the nearest
paved road were not significant predictors of hatching success (Table 1-3).

Trail Activity.--Based on user activity at four trails (Table 1-5), we were able to
examine murrelet response to trail activity. Incubating adult murrelets at the one nest for
which we were able to measure responses to trail activity, were exposed to 11 instances of
trail activity on five separate days. Adult murrelets exhibited six different behaviors (Table
1-6). Only two of these behaviors (rest, turn head) were exhibited at least 1% of the time
during trail disturbance. On average, the adult murrelets spent significantly more time at rest
than any other behavior during the pre-disturbance period (95%, t = 18.3, df =8, P <0.001),
the disturbance period (99%, t = 105.7, df =8, P < 0.001), and the post-disturbance period
(98%, t=153.9,df =8, P <0.001). Also, the proportion of time the incubating adults spent at
rest was similar (P > 0.2) before, during, and after trail activity (Table 1-7).

For the chick in the same nest described above, 47 instances of trail activity were
used for the analysis and they occurred on 19 different days. The chick exhibited nine
different behaviors (Table 1-6), of which three (rest, preen, shuffle) were exhibited at least

1% of the time when the trail was used by people. For the pre-disturbance, disturbance, and
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post-disturbance periods the proportion of time the chick exhibited each behavior was
significantly different (ANOVA, F254=130.7, P <0.001; ANOVA, F254=99.7, P <0.001;
ANOVA, Fy54=82.4, P <0.001; respectively). Specifically, the chick spent more time at
rest compared to other behaviors during the pre-disturbance, disturbance, and post-
disturbance periods (LSD, P <0.001; LSD, P <0.001; LSD, P <0.001; respectively; Table
1-8). The proportion of time the chick spent at rest was similar (P > 0.9) for the periods
before, during and after the presence of trail users (Table 1-8).

EXPERIMENTAL HUMAN DISTURBANCE

For all years combined, a total of 18 experimental sessions were conducted, all of
which occurred between 1500h and 1900h. At four different nests, seven adults were tested
in 2002, of which, video-recordings from a disturbance period for one adult from 2002 were
not sufficiently clear to allow accurate data collection. Another six adults from three
different nests were tested in 2003. In 2001, one chick was tested, three chicks were tested in
2002, and another chick was tested in 2003. Video-recordings from the disturbance period
for the chick from 2003 were not sufficiently clear to allow accurate data collection. None of
the adults or chicks flushed during the disturbance periods. Overall, 24 different behaviors
were identified, 11 of which were observed both in chicks and adults, three only in adults,
and 10 only in chicks (Table 1-9).

Sound Levels During Experimental Sessions.--Ambient sound levels recorded during
the pre-disturbance and post-disturbance periods of experimental sessions on Marbled
Murrelet adults and chicks were less than 50 dB (‘session low’; Table 1-10). During the
disturbance period, sound levels exceeded 65 dB when the chainsaw was at full throttle

(‘session high’; Table 1-10).
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During the 2002 and 2003 experimental sessions on adults, the mean sound levels
during the pre and post-disturbance period at the base of nest trees were similar (ANOVA, P
> 0.4; ANOVA, P > 0.3; respectively) to those recorded at random sites in the park (Table 1-
10). When the data were combined across years, with year and site (base of nest tree vs.
random sites) as variables, mean ambient sound levels recorded during the pre and post-
disturbance periods were similar to those recorded at random sites in the park (ANOVA, P >
0.3).

In 2002 and 2003 sound levels during the pre-disturbance, disturbance, and post-
disturbance periods differed significantly (F215 =38.3, P <0.001; F215 =107, P <0.001;
respectively; Table 1-10). Sound levels recorded in both 2002 and 2003, at the base of the
nest tree were significantly higher during the disturbance period when the chainsaw was
running compared to the pre (LSD, P <0.001; LSD, P < 0.001; respectively) and post-
disturbance periods (LSD, P < 0.001; LSD, P < 0.001; respectively; Table 1-10). When the
data are combined across years, ambient sound levels at the base of the nest tree differed
significantly between the pre-disturbance, disturbance, and post-disturbance periods (2-
Factor ANOVA; Experimental Period, F230=109.0, P <0.001; Year, F13=6.2, P <0.02).
Sound levels during the disturbance period were significantly higher than those recorded
during the pre-disturbance period (LSD, P <0.001) and the post-disturbance period (LSD, P
<0.001; Table 1-10). Sound levels also differed between the disturbance period in 2002 and
the disturbance period in 2003 (ANOVA, F110= 8.6, P =0.02; Table 1-10).

For disturbance experiments on chicks, which only occurred in 2002, sound levels
during the pre and post-disturbance periods were significantly different from and

significantly higher than sound levels recorded at random sites in the park (ANOVA, F; 15 =
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6.5, P <0.01; LSD, P < 0.05 for both comparisons; respectively; Table 1-10). Sound levels
were also significantly different between disturbance periods (ANOVA, Fz9=48.7, P <
0.001). Sound levels during the disturbance period were significantly higher compared to the
pre-disturbance period (LSD, P < 0.05) and the post-disturbance period (LSD, P < 0.05;
Table 1-10).

Experimental Disturbance of Adults.--In 2002, the average day into incubation that
the adults were tested was 16 d (range 5 — 24 days). We identified five behaviors that
represented > 1% of the time during the experimental period (rest, raise head, turn head, bill
up, and tail pump). Tail pumping was not detected in 2003, and thus was not included in
subsequent analyses. Overall, the behaviors included in the analyses represented 95% of the
proportion of recorded time during the pre-disturbance period, 96% for the disturbance
period, and 95% for the post-disturbance period (Table 1-11).

In 2002, during the pre and post-disturbance periods, adults spent a significantly
different proportion of time in each behavior (ANOVA, F32 = 471, P <0.001; ANOVA,
Fs20= 1396, P <0.001; respectively) and adults spent more time at rest than any other
behavior during the pre and post-disturbance periods (LSD, P < 0.001 for both periods; for
all comparisons; Table 1-11). During the disturbance period, adults spent a statistically
similar proportion of time displaying each behavior (ANOVA, P =0.19).

Between experimental periods in 2002, there were significant differences in the
amount of time adults spent at rest (ANOVA, F15 = 8.52, P =0.003). They spent more
time at rest during the pre and post-disturbance periods compared to the disturbance period
(LSD, P <0.05 for both comparisons; Table 1-11). Also, there was a tendency for the

proportion of time adults spent with their heads raised to vary between experimental periods
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(ANOVA, F215= 3.16, P =0.07), and they spent less time with their heads raised during the
pre and post-disturbance periods compared to the disturbance period (LSD, P < 0.05 for both
comparisons; Table 1-11).

In 2003, the average day into incubation that the adults were tested was 18 d (range
10 — 22 days). We identified four behaviors that represented > 1% of the time during the
experimental period and were thus included in the analyses (rest, raise head, turn head, and
bill up). These behaviors represented 95 % of the proportion of recorded time during the pre-
disturbance period, 96% for the disturbance period, and 95% for the post-disturbance period
(Table 1-11).

In 2003, during the pre and post-disturbance periods, adults spent a significantly
different proportion of time performing each behavior (ANOVA, F320 = 32.9, P <0.001;
ANOVA, F320 = 609, P <0.001; respectively). They spent more time at rest than any other
behavior during the pre and post-disturbance periods (LSD, P < 0.001; for all comparisons;
Table 1-11). During the disturbance period, there was a tendency for adults to spend a
different proportion of time displaying each behavior (ANOVA, Fz20 = 2.2, P =0.12).
Adults spent a significantly greater proportion of time at rest than performing ‘Turn Head” or
“Raise Head” (LSD, P <0.03; Table 1-11). There was also a tendency for adults to spend
more time at rest compared to ‘Bill Up’, and this difference approached significance (LSD, P
=0.08).

Between experimental periods in 2003, there was a significant difference in the
amount of time adults spent at rest (ANOVA, F15 = 4.2, P =0.03). They spent more time

at rest during the pre and post-disturbance periods compared to the disturbance period (LSD,
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P < 0.03 for both comparisons; Table 1-11). All other behaviors lacked any statistical trends
between the different experimental periods.

When the data were combined across years, within the pre-disturbance, disturbance,
and post-disturbance periods, adults spent a significantly different amount of time exhibiting
each behavior (ANOVA, F340= 1978, P <0.001; ANOVA, F34=3.9, P <0.05; ANOVA,
F340= 1691, P <0.001; respectively; Table 1-12). During the pre-disturbance period, adults
spent significantly more time at rest compared to other behaviors (LSD, P < 0.001 for all
comparisons). During the disturbance period, adults spent significantly more time at rest
compared to ‘Bill Up’ (LSD, P <0.01), and ‘Turn Head’ (LSD, P < 0.001). There was also a
tendency for adults to spend more time at rest compared to the proportion of time they
exhibited ‘Raise Head’ (LSD, P = 0.076; Table 1-12). During the post-disturbance period,
adults spent significantly more time at rest compared to Bill Up and Turn Head (LSD, P <
0.001 for both comparisons). However, the amount of time spent at rest was similar to the
amount of time spent with Head Raised (LSD, P > 0.10; Table 1-12).

Between experimental periods, adults spent a significantly different proportion of
time at rest (ANOVA, F230=11.9, P <0.001; Table 1-12). This difference resulted from
adults spending significantly less time at rest during the disturbance period compared to the
pre-disturbance period (LSD, P < 0.001) and the post-disturbance period (LSD, P <0.001).
There was also a significant difference between experimental periods in the proportion of
time adults spent displaying ‘Raise Head’ (ANOVA, F230=15.5, P =0.01). Adults spent a
significantly greater proportion of time performing ‘Raise Head’ during the disturbance
period compared to the pre and post-disturbance periods (LSD, P < 0.01 for both

comparisons).
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Finally, we also stratified behavior for male and female adult murrelets during the
disturbance periods to examine differences by gender (Table 1-13). Both male and females
spent a similar proportion of time performing each behavior during each of the experimental
periods (P > 0.10 for all comparisons).

Experimental Disturbance of Chicks.--The four chicks used in the analyses were
approximately 12, 20, 24, and 28 days of age. Of the 22 behaviors exhibited by chicks
(Table 1-6), only six were displayed more than 1% of the time during the experimental
periods. The six behaviors represented 95 % of the proportion of recorded time during the
pre-disturbance period, 96% for the disturbance period, and 95% for the post-disturbance
period (Table 1-14).

During the pre-disturbance, disturbance, and post-disturbance periods, chicks spent a
significantly different proportion of time in each behavior (ANOVA, Fs15 = 42.4, P <0.001;
ANOVA, Fs518= 6.3, P <0.001; ANOVA, F513 = 471.8, P <0.001; respectively), spending
a significantly greater proportion of time at rest than any other behavior (LSD, P < 0.001;
LSD, P <0.001; LSD, P <0.001; respectively; Table 1-14). Comparisons between other
behaviors were not significantly different. Between the three periods, there was no
difference in the amount of time chicks spent at rest (P > 0.5; Table 1-14).

In 2002 and 2003, the proportion of time adults spent at rest was not correlated with
visibility from the nest (r =0.33, n =6, P = 0.53 for both years), or with nest height (r =
0.39, n =6, P = 0.44 for both years). The proportion of time each chick spent at rest during
the disturbance period was not correlated with average visibility from the nest site (r = - 0.60,

n=4, P > 0.40) or with nest height (r =0.83,n=4, P > (.15).
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Corvids.--We detected four species of corvids during the visual and auditory surveys:
Common Raven (Corvus corax), American Crow (C. brachyrhynchos), Stellar’s Jay and
Gray Jay (Perisoreus canadensis). During the adult disturbance periods, when the data were
combined across years, there were fewer visual detections of corvids during the pre-
disturbance and disturbance periods compared to the post-disturbance period, but this
difference was not significant (P > 0.20; Table 1-15). The number of auditory detections of
corvids also did not significantly differ between the pre-disturbance, disturbance and post-
disturbance periods (P = 0.22; Table 1-15).

NESTING SUCCESS

Control Nests.--Six nesting attempts in 2001 (including a re-nesting attempt) were
assigned to the control group to determine hatching success. Of these, three failed during the
incubation period. Hatching success, for these six nesting attempts was 50%. In 2002, 17
nesting attempts were assigned to the control group, including one re-nesting attempt (see
Chapter 2). One radio-marked murrelet tending a control nest was known to have lost its
transmitter during incubation, and was thus excluded from the analysis. Hatching success for
the remaining nesting attempts was 43.7% (7/16). In 2003, eight nesting attempts were
assigned to the control group, including one re-nesting attempt (see Chapter 2). Hatching
success at these nests was 25% (2/8).

When the data were combined across years, there were a total of 30 nesting attempts
classified as controls for determining hatching success. Excluding one egg, for which the

fate was unknown, hatching success for the three years was 40% (12/30).
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For five control nests that successfully hatched between 2001 and 2003, fledging
success was 40% (2/5). If nests with unknown outcomes were considered as successful and
included as controls, maximum fledging success for nine nests would have been 56% (5/9).

Experimental Nests.--Adult Marbled Murrelets were exposed to the sound of an
operating chainsaw in 2002 (four nesting attempts) and 2003 (both adults of each of three
nesting attempts). Hatching was successful at three (75%) of these nesting attempts in 2002.
In 2003 hatching success could not be determined at one of the experimental nests. Hatching
success at the remaining two nesting attempts was 50%. For both years combined, hatching
success at nests where the adults were exposed to the sound of an operating chainsaw was
66.7% (4/6).

Using only data for 2002 and 2003, hatching success at control nests (9/23; 39.1%)
was similar to hatching success at experimental disturbance nests (4/6; 66.7%) (FEPT =
0.36).

All seven nests that were tended by adults exposed to the sound of an operating
chainsaw failed to produce a fledging. Conversely, all three nests where only the chick was
tested produced a fledging. Overall reproductive success at nests where the adults or chicks
were exposed to the sound of an operating chainsaw was 30% (3/10).

When control and experimental nests were compared over both years, control nests
were successful at fledging a chick in 9.5% (2/21) of the attempts, whereas nests where either
the adult(s) and/or chick were exposed to an operating chainsaw were successful at fledging a
chick in 30% (3/10) of the attempts. This difference was not statistically significant (Fisher’s

Exact Test, P > 0.3).
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In our design, experimental nests were designated later in the incubation period than
control nests. To avoid any potential bias associated with temporal variations in hatching
success (see Chapter 2), we stratified data from the last 12 days of the incubation period for
control nests for comparison with experimental nests. Thus a revised hatching success at
control nests with known outcomes was 69.1% (9/13) compared to experimental nests that
were 67% successful (4/6; Fisher’s Exact Test, P = 1.0). At control nests that hatched a
chick, the fledging success was 33.3% (2/6) (excluding nests with unknown outcomes).
Finally, if we included nests with unknown outcomes into these previous data we can
calculate a minimum success by assuming all unknown outcomes were failures or a
maximum by assuming all unknown nests were successful. Minimum nesting success at
control nests was then 25% (2/8) and maximum nesting success was then 50% (4/8).
Fledging success at control nests (with known outcomes) and experimental nests was not
significantly different (Fisher’s Exact Test, P = 1). Maximum fledging success (includes
nests with unknown outcomes as successful) at control nests was also not significantly
different from fledging success at experimental nests (Fisher’s Exact Test, P = 0.1).
DISCUSSION

Many studies have examined the effects of human disturbance on avian productivity
(see reviews by Burger 1981, Gotmark 1992, Carney and Sydeman 1999). Human
disturbance can have a negative effect on reproductive success, either as a direct consequence
on the behavior of the birds (see review by Burger 1981), or indirectly by increasing the risk
of predation by conspecifics (e.g. Fetterolf 1983, Brown and Morris 1995) or by other
species (Kury and Gochfield 1975, Anderson and Keith 1980). Of all the taxa for which

human disturbance has been documented to reduce reproductive success (Bart 1977,
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Anderson and Keith 1980, Cairns 1980, Ollason and Dunnet 1980, Gotmark and Ahlund
1984, White and Thurow 1985, Knapton et al. 2000), ground nesting colonial birds and alcids
appear to be especially susceptible to nest failure (Gotmark 1992; but see Fraser et al. 1999).
For example, studies on Ancient Murrelets (Synthliboramphus antiquus; Sealy 1976), Least
Auklets (Aethia pusilla; Piatt et al. 1990), and Atlantic Puffins (Fratercula arctica; Rodway
et al. 1996) show that nest visits by researchers, particularly early in incubation, often lead to
nest desertion.

Unlike other alcids, however, Marbled Murrelets are not ground or burrow nesters,
but rather are arboreal nesters, nesting in the upper canopy of old-growth coniferous forests
(Nelson 1997). Thus, insights gained in other studies of the effects of human visitation to
nest sites may not provide insight into the impacts of disturbance on Marbled Murrelets in
coastal California. Our goal was to provide insight into the ways in which human activity

affects Marbled Murrelets.

EFFECTS OF HUMAN DISTURBANCE AT NEST TREES

Proximity to Trails and Roads.--Trail users in recreational settings can cause adults
and young of several avian species to flush (Gutzwiller et al. 1997, Miller et al. 1998,
Swarthout and Steidl 2001), influence courtship patterns (Miller et al. 1998) and nesting
success (White and Thurow 1985). Increased disturbance caused by trail users or roads may
influence avian nesting success. Avian species richness and reproductive success can be
influenced by the level of pedestrian activity (Van der Zande and Vos 1984, Fernandez-Juric
2000). Unlike these studies, we did not detect any case where Marbled Murrelets flushed,
nor did we detect a statistically significant relationship between Marbled Murrelet nesting

success and proximity to trails or roads.
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Using nest locations determined from aircraft and from exactly located nests verified
with ground telemetry for comparison of hatching success, it was determined that nests that
successfully hatched young were located at similar distances from trails and roads as nests
that did not hatch young. Singer et al. (1995) reported similar findings, observing separate
nesting attempts by Marbled Murrelets; he reported that a nest in a tree immediately adjacent
to a trail and a nest in a tree 69 m from a paved road both produced hatching.

Noise levels associated with highway traffic differ with the type of highway surface
(Hanson et al. 2004), and thus may have different disturbance effects on nesting murrelets.
However, a recent study detected a difference of only 4 dB between various road surface
types (Hansen et al. 2004). Also, sound intensity generated by tires on paved road surface
diminishes by 6 dB at a distance of only 10 — 20 m. In our study area, the sound disturbance
was generated mostly by larger trucks using engine-retarder brakes to reduced their speeds,
the noise associated with the condition of the road (shaking of load), and engine sounds.
Thus we concluded that road-surface type did not affect the level of noise disturbance
experienced by nesting murrelets. However, the amount of traffic is greater during the
breeding season with the influx of tourists (especially along Highway 101), and this may
create greater variation in disturbance than the road surface type. Finally, it is possible that
we were unable to detect an effect of highway-related noise and murrelet nesting success
because the murrelets avoid nesting sites closer to the highways. We caution that our
assessment of highway noise cannot be extrapolated to other sites without careful
consideration of all variables affecting noise transmission, because local topographic
characteristics may alter the intensity of noise disturbance arising from vehicular traffic

(Hanson et al. 2004).
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It is important to note that road density was relatively low within the study area.
Highway 101 was the only contiguous north-south route and carried a variety of traffic,
including logging trucks and tourist vehicles. Traffic volume was greatest coincidental with
murrelet nesting. Results were probably representative of roads in and around RNSP, but
should be applied cautiously in areas with differing terrain or traffic volume.

Trails and roads represent both a source of disturbance and potential changes in
“edge” habitat or fragmentation. More edge can cause failed nests that result from higher
predation (Robinson et al. 1995, George and Brand 2002, Manolis et al. 2002). The
relationship between proximity to edge and Marbled Murrelet nesting success are unclear.
Bradley (2002) did not detect a relationship between murrelet nesting success and proximity
to an edge. Unlike our study, Bradley (2002) used natural edges (creek, etc) in addition to
roads and trails. Conversely, Nelson and Hamer (1995) observed that successful nests were
located farther from unnatural forest edges than were unsuccessful nests. However, they also
reported that one Marbled Murrelet pair that nested in a tree less than 10 m from a paved
highway and produced a fledgling.

Trail activity could cause disturbance to murrelets in at least four ways. First, the
activity on the trail could induce a change in the behavior of the murrelet at the nest, which
could then attract a predator. Secondly, trail activity may attract (through noise, visual clues,
or association with food) murrelet nest predators such as corvids, and thus increase the
likelihood that the predator will find the murrelet nest. Third, trail activity may cause an
incubating murrelet to flush from the nest, or perhaps even a chick to flush from the nest.
Lastly, increased vigilance or non-resting behaviors can increase energetic expenditures or

decrease food deliveries such that energetic costs exceed energy supply. Our data from a
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single nest site in 2003 (see Table 1-7, 1-8) indicated that trail use does not appear to
influence the behavior of murrelet adults or chicks on the nest. The amount of time murrelet
adults and the chick spent at rest was similar for the periods before, during, and after trail
users went past the nest tree. Our User Disturbance Index was actually higher for successful
nests than it was for unsuccessful nests. That is, successful nests tended to be located in trees
that were closer to trails with high trail activity compared to unsuccessful nests. Further, one
of our nest sites was located in a tree that was 25 m from a trail, and less than 200 m from a
highway with heavy traffic and has been used in five consecutive years (see Appendix B).
This nest produced two fledglings (2001, 2003). However, two nesting attempts also failed
due to predation by corvids (2002, 2004), and predation by corvids is suspected in the third
failed nesting attempt (2005; see Appendix B, D). These observations might be explained by
the fact that trails purposely exploit the most desirable (in human terms) old growth stands,
and thus may be closer than random to trees most used by murrelets.

Finally, the lack of a relationship between distance to the nearest paved road and
nesting success may be due to the scale of the distance measurement itself. The average
distance to the nearest paved road for unsuccessful nests, based on aircraft locations, was
approximately 1.6 km. These aircraft locations were potentially in error by 747 m (SD =
737; see Chapter 3). This error is many times greater than the 10 m distance for the
successful nest observed by Hamer and Nelson (1998) in Washington. Thus, we may not
have had the necessary resolution to detect differences in distance. However, our
measurements of ambient sound levels at random sites in the park were similar to ambient

sound levels recorded at the base of nest trees. Our results, and the observations made by
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Hamer and Nelson (1998), suggest that in some instances vehicular traffic noise may have
little or no effect on Marbled Murrelet nesting success.
EXPERIMENTAL HUMAN DISTURBANCE

Experimental Disturbance of Adults and Chicks.--Flushing is a common response to
human disturbance in many forest dwelling birds (e.g. Northern Spotted Owl, Strix
occidentalis lucida; Swarthout and Steidl 2001). However, adult Marbled Murrelets exposed
to an operating chainsaw did not flush from the nest. The cost of flight for Marbled
Murrelets is relatively higher compared to other birds and flushing may not be an
energetically viable response for incubating murrelets (Hull et al. 2001). Marbled Murrelets
have evolved several mechanisms to avoid predation (Nelson 1997); they have cryptic
coloration, are silent around the nest, minimize movement at the nest, and limit incubation
exchanges and chick feeding to occur during twilight hours (Nelson 1997). Thus, flushing,
as a result of a disturbance or activity on the ground, might not provide a benefit compared to
the potential risks or costs.

The behavior of adult Marbled Murrelets at the nest did change when exposed to an
operating chainsaw on the ground. During the pre and post-disturbance periods, adults spent
significantly more time at rest than any other behavior (Table 1-12). However, during the
disturbance period, adults spent more time in other behaviors than they did resting and spent
significantly less time at rest (approximately half as much time resting). Conversely, there
were increases in the proportion of time adults spent with their heads raised, and their bill up
during the disturbance period, compared to the pre and post-disturbance periods. The

relevance of behaviors such as, ‘raised head’ and ‘bill up’, are at present unknown, but may
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be associated with vigilance behavior as these were seen immediately prior to video-recorded
visits by a predator to a nesting adult (Appedix F).

When undisturbed (during the pre and post-disturbance periods) adult Marbled
Murrelets spent 95% of their time at rest or near motionless. Remaining motionless
combined with the marbled coloration of the dorsal plumage has been thought to represent an
anti-predation strategy (Nelson 1997). Interestingly, Delaney et al. (1999) also observed a
significant increase in head movements of adult Mexican Spotted Owls exposed to an
operating chainsaw as compared to pre and post-disturbance periods. Delaney et al. (1999)
interpreted these movements as alert responses resulting directly from the disturbance. As
with Marbled Murrelet adults exposed to an operating chainsaw, adult Mexican Spotted Owls
returned to pre-disturbance behavior within minutes of termination of the disturbance period.
Together, these observations on adult Marbled Murrelets and Mexican Spotted Owls suggest
that noise disturbance during 10 — 15 minute disturbance periods, at a distance > 25 m, does
not induce long-term behavioral changes.

Chicks exposed to an operating chainsaw did not flush from the nest. Similarly,
Swarthout and Steidl (2001) observed that juvenile Mexican Spotted Owls were less likely to
flush compared to adult spotted owls. Nevertheless, Marbled Murrelet chicks did exhibit
some behavioral responses to the operating chainsaw. Chicks, like adults, exhibited the
‘raised head’ and ‘bill up’ behaviors more commonly during the disturbance period, although
compared to before or after, this relationship was not statistically significant. That both of
these behaviors were exhibited by adults and chicks during the disturbance period, suggests
that the ‘raised head’ and ‘bill up’ behaviors may be responses to the sound of the operating

chainsaw.
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Although no long term behaviors changed, it is possible that protracted anthropogenic
noise might produce short term behaviors that have unknown consequences. There is
potential that these behaviors could compromise the cryptic situation at the nest. If a
murrelet responded to an inappropriate noise stimulus, this might facilitate observation by a
predator and expose the nest at that, or a later time to predation. Additionally, the energetic
cost of increased vigilance to protracted disturbance, or especially disturbances that occurred
coincidental in time with food delivering could have negative consequences and needs
further assessment. Additional flight time by adults delivering food would have significant
energetic cost, as flight in birds is one of their most expensive endeavors (Tucker 1969).
NESTING SUCCESS

Hatching success at control nests in 2002 and 2003 (39.1%) tended to be lower
compared to nests with experimental disturbance (66.7%). These results, however, were
possibly biased by how nests were assigned to the experimental or control categories, and
caution is necessary in their interpretation. Given the difficulty in finding nests, and the need
to ensure adequate sample size for the experimental sessions, we had to assign all nests that
were located to the exact tree to the experimental group. Consequently, if a nest failed prior
to being found, it would have been assigned to the control group. Including only data for
control nests that did not fail in the first two weeks, hatching success (69.2%; 9/13) was
similar to that of experimental nests (66.7%).

Nests tended by adult murrelets that were exposed to an operating chainsaw did not
fledge any young. The relationship, if any, between the disturbance periods during the
incubation period, and fledging success was unclear. Overall reproductive success was

similar for control (13%) and experimental nests (30%). In contrast to our study, a similar

37



Hébert and Golightly Chapter 1

study on the Mexican Spotted Owl by Delaney et al. (1999) did not detect a difference in the
reproductive success of experimental nests (exposure to an operating chainsaw) and control
nests. The contrast in results for murrelets and owls is likely due to the differences in
biology. Adult murrelets, eggs, and chicks are all potential prey for a variety of predators
(Nelson and Hamer 1995a). By contrast, the Mexican Spotted Owl may have fewer
predators, and thus reproductive success is possibly not as influenced by predation, as it is in
Marbled Murrelets.

Other studies of disturbance on alcids have noted that disturbance during the period
that chicks are present is less likely to cause nesting failure (Rodway et al. 1996, and
references therein). Our results were consistent with this finding. It must be cautioned,
however, that we exposed chicks to an operating chainsaw in the late afternoon, when
feedings were unlikely. Adult Marbled Murrelets typically feed their chicks in the early
morning, and occasionally in the evening. Operating chainsaws while an adult approaches a
nest to feed a chick may cause sufficient disturbance to result in abortion or delay of the
feeding. The abortion of a single feeding trip could deprive the chick of 25-50% of its daily
energy and water intake, which could potentially have a significant negative impact on
fledging success.

CORVIDS

The relationship between human activities and predators, and their potential impact
on murrelet nesting success was addressed by the Marbled Murrelet Recovery Plan (Section
C, 1.4;2.3.1; 3.1.3). Predators can be attracted to human presence and human-related noise
(Miller et al. 1998), and human provisioning of artificial food resources (e.g., creating

accessible garbage; Marzluff et al. 1994). These factors could lead to a local increase in
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predator density (either absolute abundance or in concentration of activity), and increase the
potential risk of murrelets being detected by predators. This in turn can alter the distribution
of murrelets and other birds. In addition, there is evidence that forest fragmentation
promotes increases in corvid densities (Andren 1992) which are known to prey on murrelet
eggs and chicks (Singer et al. 1991, Nelson and Hamer 1995a, Appendix D). This is
particularly relevant to murrelets that occupy fragmented old-growth forest habitats.

During the disturbance period the presence of corvids in the vicinity of the nest-tree
did not change. Most of the corvids we observed were Steller’s Jays, and these birds are
territorial. Thus, although additional jays may have been attracted to the disturbance,
territoriality may have prevented them from approaching the specific site. However, we
must caution that we did not monitor jay behavior. Only short term changes could have been
detected. Further, it is unlikely that our methodology could have detected alterations in
behavior of predators during disturbance that might increase risk (e.g. greater likelihood of a
predator detecting a murrelet).
CONCLUSION

There may be both proximate and ultimate effects of human disturbance on Marbled
Murrelet nesting success. Disturbance resulting from proximity to a trail or road, or the
activity associated with such intrusions appears to be negligible, at least in RNSP. Mitigation
in the form of reducing access to trails within the parks appears unwarranted at the level of
trail use which occurred in 2001-2003. However, given the established link between human
use of trails and campgrounds, increases in campground use or trail use might affect corvid
densities (George and Brand 2002), and we encourage continued efforts to reduce

anthropogenic support of corvid populations.
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Adult murrelets exposed to the sound of an operating chainsaw altered their behavior,
usually extending their necks and raising their heads. Although hatching success was
relatively high (71.4%) compared to control nests (40%), many adult murrelets exposed to an
operating chainsaw ultimately experienced complete nest failure. Marbled Murrelet chicks
exposed to the sound of an operating chainsaw also altered their behavior, in a manner
similar to that of adult murrelets. However, fledging was still 100% at nests where only the
chicks were exposed to the sound of an operating chainsaw. Based on these results, we
recommend avoiding extended disturbance to incubating (see Chapter 2 on chronology of
nesting) Marbled Murrelet adults and any disturbance to chicks at the time of food delivery,
either early morning or late evening when feeding is most likely (P. N. Hébert and R. T.

Golightly, unpublished data; Nelson 1997).
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