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ABSTRACT

We replicated an at-sea survey in Glacier Bay thirees during 3-9 July 2009 to get current
population estimates of Marbled MurreleBgchyramphus marmoratyand Kittlitz's

Murrelets B. brevirostrig, compare them with 1993 levels, and map spatiiems of
abundance. In 2009, there were 27,266 Marbled Neisieand 5,317 Kittlitz's Murrelets in
Glacier Bay. This area is an important populatienter for both species, accounting for about
20% of the estimated global population of KittlgZurrelets, and about 10% of the estimated

statewide population of Marbled Murrelets.

The on-water density of Kittlitz's Murrelets incsed from 2.07 to 3.55 birds per kimetween
1993 and 2009, but the difference was not signmifi¢p = 0.13). The on-water density of
Marbled Murrelets decreased from 23.4 to 19.7 hpetsknt, but this difference was also not
significant (p = 0.45). Of nearly 7,000 murreletainted on 3 surveys in 2009, 80.0% were
Marbled Murrelets, 15.7% were Kittlitz’'s Murreleaad 4.3% were unidentified. Approximately

9.2% of murrelets counted were flying.

The highest densities of Kittlitz’s Murrelets wenethe upper west and east arms of Glacier Bay,
mostly near waters with a strong glacial influertdewever, Kittlitz’'s Murrelets occur widely
throughout the Bay, including concentrations ireareith little glacial influence. Murrelets were

more dispersed in 2009. The most consistent “hatf’ $pr murrelets (especially Marbled



Murrelets) in 2009 was Beardslee Channel. Durintagetimes of day and stages of tide, this

area attracts thousands of murrelets, many of wdnielcommuting from beyond Glacier Bay.

Murrelets showed a clear distribution pattern wébpect to shore. Both species underutilize the
0-300 m zone relative to availability, and prefdrreaters further from shore. Marbled Murrelets
preferred waters 600-900 meters from shore. KitfliMurrelets preferred waters 600-1500
meters from shore. Because murrelet density vauidgsdistance to shore, we recommend
transects be oriented perpendicular to shore,gazag to sample the range of densities. Straight-

line transects can be replicated precisely, and@perior to a meander line.
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INTRODUCTION

Glacier Bay is a major population center for botarMed MurreletsBrachyramphus
marmoratu$ and Kittlitz’'s Murrelets B. brevirostrig. Both are identified as species of
conservation concern throughout all, or portionglodir range. The Kittlitz’'s Murrelet is
currently a candidate for range-wide listing untter Endangered Species Act (ESA). The
Marbled Murrelet is listed as threatened in thedod8 states under ESA, and is listed as
threatened under the equivalent Canadian law (8petiRisk Act), but is not listed in Alaska.

The main basis for concern, in both cases, is predudeclines in populations from historic
levels. For Marbled Murrelets, the loss of impottald-growth forest habitat for nesting was a
significant factor in the listing decision. Becays®ulation declines form the basis for the
conservation concerns, it is important that theytepon abundance and trend data be
reevaluated and updated as new surveys are codditte surveys conducted in Alaska to date
have been designed with different objectives, diifé sampling designs, and different methods.

These differences vary from study area to studg,aed within individual study areas.

In Glacier Bay, bay-wide surveys (including thegaet study) have been conducted in 10

different years since 1991. These surveys incigilg different designs, from 90% coastal



(1991) to 96% offshore (1993, 2009), from a sanapéz of 300 kn(1999) to a sample area of
18 knf (2008), from surveys with no unidentified murrelét993) to surveys with 59%
unidentified murrelets (2000), and from surveyshwandomized sampling (2007), to surveys
with quasi-systematic sampling designs (1993, 1203, 2009).

Making sense of such variable surveys is difficDkpending on which years you include or
exclude, and whether one makes adjustments foe tiéferences or not, trends vary. This is not
a criticism of prior efforts. With the exceptiontbie 1993, 2007, and 2009 surveys in Glacier
Bay, the principle target species were Baachyramphusnurrelets; and objectives were geared
toward multi-species inventory rather than monitgriln this light, it is not surprising that the

survey designs are so different, and the result&sable.

In planning this study, we chose to repeat the 88ey because it was (a) the second-earliest
survey in the time series, and (b) the first to sisait-line transects with known start and end

points, so exact replication was possible. We riggokthis survey in 2009, using the same survey
design, similar vessels, and similar methods usd®93. The designer of the 1993 survey, John

Lindell, participated on both the 1993 and 2009r$fto ensure consistency and comparability.

This survey comparison does not address what may ¢ecurred with populations prior to
1993, nor does it speak to inter-annual variatieer that 16-year time period. But because
precise replication is possible, and the spameé fis large, it should be possible to identify
major declines that may have occurred in this ingrdrpopulation center. By replicating the
survey multiple times in a week-long period, wenalsll learn how distribution and abundance
patterns shift, and how confidence in the ressliffiected by survey replication.

This work provides a basis for increasing our ustdrding of past population trends in Glacier
Bay, as well as providing information on currenpplation abundance and distribution for these
species. We hope it provides a useful foundationlésigning a powerful, forward-looking

monitoring program for murrelets in Glacier Bay.

METHODS



Sampling Desiga-In 2009, we replicated transects established eyX8FWS in 1993 (Figure
1). The 1993 survey consisted of 37 transect setgntaling 270.53 linear km. Strips were
300 m wide, equaling a sample area of 81.16. Krhe start and end waypoints of the series are
shown in Table 1. The same transects were resuhiay2009; however, a new wilderness
boundary in upper Muir Inlet restricted motorizedess, and required shortening transect 428
by 2.5 km. The total sample area of 37 transec2909 was 80.41 kmAll comparisons

between 1993 and 2009 murrelet populations aredo@s¢éhese 37 common transects.

Four additional transects were added in 2009 teease coverage in the Bay (Table 2). We
added a single transect in Tarr Inlet, and three tn@nsects in Wachusset Inlet, following the
zig-zag pattern of the 1993 survey (Figure 1). Whidsse added transects, the vessels traversed
299.39 km, and sampled 89.82%nThis expanded survey was used to derive a mepulation
estimate for Glacier Bay in 2009, and was usedapping patterns of murrelet abundance in
Glacier Bay. Transect 4161, near the mouth of Jétopkins Inlet, was added by t&avina

crew to document an aggregation of Kittlitz’'s Muets in that area (Figure 1). Because of this
bias, it was not used in population estimatesdtestimates, or maps of relative abundance.

Survey Methods- Methods used in the 2009 surveys were similéndse used in 1993 (see
Lindell, 2005). Surveys were conducted from twgéadisplacement vessels. TM¥ Sierrg a
10.7 m vessel, conducted one complete survey fr&ddy. TheMV Graving a 15.9 m vessel,

conducted two complete surveys from 3-6 July ar®dJdy.

For each transect, crews recorded the start tirdeead time, sea conditions (glassy, ripples,
wavelets, small waves), precipitation (none, dazreiin), cloud cover (clear, partly cloudy,
overcast), and visibility (excellent, good, fainqu). Transects were discontinued if sea state was
greater than “small waves”, or visibility was rafaobr (due to low light, glare, drizzle, or sea

conditions).

On theMV Graving two observers and a recorder counted birds freatesl positions on the
cabin top, with their viewing height approximatdly meters above the waterline. This

mimicked the height, and location, of the obseragrsheMV Curlewduring the 1993 survey.



On theMV Sierraa single observer and a recorder counted froraralstg position on the bow

deck, with eye height approximately 3 meters alibeevaterline.

Observers counted all murrelets sitting on the watthin 150 m on either side of the transect
centerline (total strip width = 300 m). Tk&avinatraveled at 8-9 knots during surveys, with
two persons counting birds. Each observer was ressiple for birds on their side of the center
line, but communication was permitted to avoid mmg®r double counting birds near the line.
The Sierra traveled at 6-7 knots, with a singlesobsr counting birds within 150 m on either
side of the centerline. Recorders on both vess#jsed with bird spotting, bird identification,

and recorded GPS locations for all birds deteatetie strip.

Observers in 2009 counted only murrelets. Obseilnetsee1993 survey counted all bird species,
but murrelets had priority. In 1993, when a muttéwof birds made counting difficult, the non-
murrelet species were ignored (J. Lindell, persapaimunication). The proportion of murrelets
missed was deemed low (1%), and was consistenebetiine 1993 and 2009 surveys (J.

Lindell, personal communication).

Accuracy- The effort an observer makes to identify a birdpecies can vary. If observers are
not given specific goals with respect to murretietitification rates, it becomes easy to simply
label murrelets as “unidentified.” In other Glackay surveys, over half of the murrelets were
classified as unidentified in some years. On themhand, if every murrelet has to be identified
to species, there is a natural tendency to defadite most common species (in this case,

Marbled Murrelets) when the observer does not ggtaal look.

In the 1993 surveys, observers were instructeddntify every bird to species, using their best
judgment in every case. In the 2009 surveys, olesgmwere instructed to strive for 90-95%
identification rates. To assist them in achievinmig goal, we used experienced surveyors,
conducted detailed ID training, slowed the vesdenwiewing conditions were challenging

(e.g., waves, dim lighting), and encouraged udarajculars.



Accurate results depend on the observer’s abditptate the boundaries of a fixed-width strip
accurately. In 2009, observers calibrated theimeges of a 150 m distance (the outer boundary
of the strip) by estimating line-of-site distanoemurrelets on the water, and checking their
estimates against the true distance measured Waearangefinder. While this provides a
useful check when the bird is counted directly abeéthe vessel, it cannot verify accuracy of
“in” versus “out” calls when the bird is spottedeald of the vessel. Observers communicated

with each other on birds “near the line” to promob@sistency and accuracy.

In addition to counting murrelets on the waterwge&ounted murrelets in flight that entered the
survey window, which was defined as a space 150 mitber side of the centerline, and 150 m

in front of the vessel. In 1993, flying birds weraunted similarly (Lindell 2005).

Data Analyses- We summed the counts and divided by the tota aaenpled to obtain a mean
density for the survey. In calculate confidencernwals, and test for significant differences, we
subdivided our survey transects into 2 km-long sags1 Although not strictly independent
(Schneider 1990), binning of data into 1-10 km segi® reduces or eliminates auto-correlation
effects for many species (Piatt et al. 2007). Seysef 2 km length yield unbiased means, and
intermediate coefficients of variation for Marblstlirrelets and Kittlitz’s Murrelets (Drew et al.
2008).

Expansion Factor-To compute population size we multiplied the meansity per krhby the

total area surveyed (i.e., the marine waters otiétaBay). That area varies somewhat by source.
Lindell (2005) used 1,252.8 KrKirchhoff (2008) used 1,275.8 KnPiatt et al. (2007) used
1288.7 k. In this study, we used 1286.0 kin extrapolate all measured densities, including

those from the 1993 surveys.

Unidentified Birds--Treatment of unidentified murrelets in a dataset lsave a large influence
on estimated population trends and abundance, iefigechen the percentage of unidentified
birds varies widely from one survey to the nextteehapproaches have been adopted by
different authors to deal with unidentified murtslg1) use only known-identity birds in density

and abundance estimates (Drew et al. 2008), (®)rassidentified birds to species based on the



ratio of Marbled Murrelets to Kittlitz’s Murreleia the known-I1D birds (Kirchhoff 2008), or (3)
use a non-linear model for predicting the best iggeassignment of unknown species (Kuletz et
al. 2005).

Because the unidentified fraction of murrelets essvidely from year to year (e.g., 0-58% over
Glacier Bay surveys), discarding these birds deygepopulation estimates for both Murrelet
species. Because the proportion of unidentifiedsin our 2009 survey was small (4%), the
results are insensitive to how they are handletieranalysis. Still, we have chosen to allocate
the small numbers of unidentified birds to spediesed on species ratio in known-identity
birds.

Flying Birds--Strip transects assume no movement into or othteo$trip while the count is

being conducted. With flying birds, especially fiiging birds like murrelets, continuous counts
will lead to a substantial positive bias in dengisgimates (Kirchhoff 2008). We analyzed
population trends using murrelets sitting on théewaTo calculate total population size in 2009,
we include counts of flying birds, as others hagethat the population estimates can be fairly

compared to other areas/studies.

Spatial Analyses We created density maps to visually depict ti@-5pots” for Marbled
Murrelets and Kittlitz’s Murrelets seen on the wataring surveys in 2009 and 1993. We used
the kernel density function (ESRI Spatial Analysith a 3 km search radius, reporting results in
birds per square kilometer for each 25 m grid ddie same density scales are used among all

maps so they can be directly compared.

We also looked at the distribution of birds relatte the shoreline. Habitat was defined as a
series of zones, each 300 meters wide and patalieé shore (e.g., 0-300 m, 300-600 m, 600-
900 m etc.). Habitat availability was measuredhasarea of each habitat type sampled in the
survey. Habitat use was measured as the habitairdteoccurred in (GPS based) during the
survey. The proportional use of a particular retbdivided by its proportional availability,
gives an index of habitat selection (positive va)us non-selection (negative values) (after
lvlev 1961).



RESULTS

Survey conditions Survey conditions in early July 2009 were veopd. Less than 1% of the
survey time had any precipitation. Sky conditioreyevclear (57%) or partly cloudy (43%). Seas
were rated as glassy calm (28%) slight ripple (35jall wavelets (25%), or occasional small
white caps (12%). Visibility was very good, with%®f transects rated as excellent, 20% rated
as good, and 11% rated as fair. Consistent witd 893 analysis (Lindell 2005), we assumed sea

state and weather did not affect count accuraay adirbirds in the strip were detected.

Counts--The sum of birds counted, by species, and by behésitting or flying), for each of the
2009 surveys is shown in Table 3. In 2009, 96%llamhurrelets seen were identified to species
(Table 4). Because there was no allowance for utiitgble birds in the 1993 survey, we
suspect a slight positive bias in assignment torthee abundant Marbled Murrelets. If this is
true, the 1993 density of Marbled Murrelets malightly overestimated, and the density of
Kittlitz’s Murrelets may be slightly underestimated

The number of sitting Marbled Murrelets countedtoemGravina’sfirst survey was a little over
half the number counted on the second survey (T@bl€he difference was largely due to
counts on three transects in the lower bay, whidwed 5.5 times more Marbled Murrelets in
the second survey than the first. Counts in lowlaci@r Bay tend to be more variable,
depending on time of day and tide, because thossafnthurrelets can be attracted here from
outside the bay (Kirchhoff 2008).

Population Density- In 2009, Marbled Murrelets (flying and sittingyaurred at an average
density of 21.2 birds per Knacross the three surveys, while Kittlitz’'s Murrsletcurred at an
average density of 4.1 birds per katross the three surveys. These density figusebased on

the 41-transect series, including Wachusset ImdtTaarr Inlet.

Population Abundanee- Extrapolating the density estimates for Marbled Kittlitz's
Murrelets across the surface area of Glacier Balggipopulation abundance figures of 27,266

Marbled Murrelets and 5,317 Kittlitz’'s Murreletstime bay. There are small differences in



population estimates depending on whether onegitited from the 37-transect survey or the
41-transect survey. For a point estimate of abnoglave used the 41-transect survey because

the greater coverage is more representative ofi€lBay as a whole.

The most recently published estimate (May 2009XKitititz’s Murrelets indicates an Alaska
population of 19,578 and a global population 0628, (USFWS 2009). Therefore, the mean
population estimate of 5,317 Kittlitz’'s Murrelets Glacier Bay represents 27% of the entire
Alaska population and 22% of the global populat®iatt et al. (2007) projected a 2006
population of 271,18Brachyramphusnurrelets in Alaska. The 27,266 Marbled Murrelets
found in Glacier Bay, in 2009, represent about I%hat total. These comparisons underscore

the importance of Glacier Bay as a major populatemter for both species.

Population Change- Observed on-water densities, and extrapolatedlptpn sizes, for

Marbled and Kittlitz's Murrelets in 1993 and 200@ shown in Table 5. The observed on-water
density of Marbled Murrelets decreased from 1993009, but not significantly (P = 0.453)
(Figure 2). The observed on-water density of K#ti Murrelets increased from 1993 to 2009,
but not significantly (P = 0.132) (Figure 3). Tyiberrors (concluding no difference when one
truly exists) are always a concern, but we are iposincerned about being able to detect major
declines, not minor fluctuations. We can say widme confidence, based on these results, that
neither Marbled Murrelets nor Kittlitz’s Murreleltve undergone a large population change
since 1993.

Use versus Availability—Fhe proportional availability and use of differearshore zones is
shown in Table 6. The zig-zag survey design (Fidorallocated 4% of sampling effort to the
closest-to-shore stratum (0-300 m). While thisasaptimal for species that use this nearshore

zone extensively, it is the optimal allocation Kattlitz's Murrelet (Drew et al. 2008:17).

Nearshore Distribution-Murrelets showed a strong and consistent pattedmstribution with
respect to the shore. Both species made littleotigee nearshore zone (0-300 m from shore),
especially Kittlitz’'s Murrelets. Both preferred fiarage and rest further offshore, with Marbled

Murrelets preferring a band 600-900 meters fronresiiBigure 4), and Kittlitz’s Murrelets



preferring a band 600-1500 meters from shore (Ei§)r This is consistent with other surveys
that show Marbled and Kittlitz’s Murrelets prefexeper waters (Drew et al. 2008:83), and
Kittlitz's Murrelets being found further offshorkan Marbled Murrelets (Robards et al. 2002).

Because murrelets exhibit a pattern of avoidandepagference for different offshore zones, a
transect line that runs strictly parallel to sha@mg samples only 1 zone, will be biased. The
direction and magnitude of that bias will depenchow far offshore the transect line is, and
whether it falls in a little used or heavily useabliat. If surveys are done for trend only, such a
bias is acceptable, as long as the distributidnrofs doesn’t shift from year to year. If the

distribution shifts, of if distance offshore varié®nd estimation is confounded.

Bay-wide Spatial Distribution-In general, the highest densities of Marbled Metseewere

found in the lower Glacier Bay. The highest demsibf Kittlitz’'s Murrelets were found in both
upper arms of Glacier Bay, as well as the lower (Bagure 6). Although Kittlitz’'s Murrelets

occur at their highest densities in glacially-isfhced waters, they can be encountered anywhere
in the bay. The hotspots for both species vary sdméefrom survey to survey, but there are
notable differences between the 1993 survey andwbeage pattern for the 2009 survey

(Figures 7 and 8). The very high murrelet densitidswer Muir Inlet in 1993 were less obvious
in 2009 (Figure 9).

Kittlitz's Murrelets were more highly aggregatedlif93 than in 2009. The coefficient of
variation (CV) is a mean-adjusted measure of vagamong the transect segments (CV =
standard deviation/mean). It can be looked atrasasure of how “clumped” the counts of birds
are across the surveyed segments. Kittlitz’s Matsalvere more aggregated in 1993 (CV = 4.9)
than in 2009 (CV = 2.5). Between species, we fditilitz’s Murrelet were more clumped in
their distribution (CV = 3.1) than Marbled MurrgdgiCV = 2.0). This result might be expected
given the smaller numbers of Kittlitz’'s Murrelegsd their affinity for marine areas with high

glacial influence.

Although densities of murrelets changed substdytisdm one survey to the next in 2009 (Table

5), we found the distribution to be fairly consrgteamong surveys (Figures 10 and 11). Marbled



Murrelets are consistently widespread in the baguife 10), whereas Kittlitz’s Murrelets are
consistently low in the middle bay and lower weast #Figure 11). Because the time frame of
this study is short (9 days), these density mapsad@epresent summer-long distribution. Other
studies have documented substantial shifts inildigton from month to month within the bay
(Romano et al. 2004).

DISCUSSION

Population Trend The results of this survey suggest that bothid\éal Murrelets and Kittlitz's
Murrelets are abundant in Glacier Bay, and that fhgpulations have been relatively stable

since 1993. We would be more confident in this dasion if we had more than 2 survey years

of data. However, trends have been cited for sé¥daska study areas based on 2 surveys-years
of data (Piatt et al. 2007), and because the 200&gs were replicated 3 times, the 2009 results

are relatively robust.

This period of population stability, after 1993, yrteave been preceded by a large population
decline. Drew and Piatt (2008) found densities wflikz’s Murrelets in 1991 were 7 times
higher than in 1999. Up until now, we have suppdbatimurrelet populations crashed
sometime within an 8 year time span (1991-1999){Detal. 2007, Drew and Piatt 2008). The
results of this study allow us to narrow the timofghe decline. If it is real, the bulk of the
decline occurred before the 1993 survey, mostylikethe winter of 1991 and 1992.

If murrelets truly declined 80-90 percent in 2 ye@r even 8 years), we are challenged to
answer why. Murrelets, like all seabirds, are reddy long-lived; and poor nesting success over
a few years can not result in an 80% decline irpthygulation. Direct adult mortality is
necessarily implicated. Habitat conditions chanlgéd during that short interval, and would not
add significant adult mortality in any case. Gitrishing, which can cause adult mortality
through by-catch, has never occurred in Glacier &agurrounding waters. Avian predators, like
Bald EaglesHKaliaeetus leucocephalysmay kill some birds, but it is difficult to image them
killing tens of thousands of murrelets in a fewngeand then stopping. The only agents that

might cause a decline of this severity, and sudéssrinclude a large oil spill, mass starvation



(perhaps during the flightless molt), or diseadeer€ is no independent evidence to suggest

these things occurred.

That a population crash went unnoticed, or thawese can not be easily identified, does not
mean it did not occur. But it does invite questiabsut whether the decline is real, or an artifact
of an anomalous bird distribution, or measuremenmre in one or more surveys. Given the
many factors that can affect survey results, apddbt that a single high count drives much of
the decline in both species, we believe the lattptanation deserves more attention.

Nearshore Distribution-Murrelets may be considered a “nearshore” seaburtithey are not
functionally tied to shallow water, or benthic fombsources. Both Marbled and Kittlitz's
Murrelets forage over relatively deep water comgaoeother waterbirds in Glacier Bay (Drew

et al. 2008). In our study, we found the birdsydightly used the nearshore zone, and preferred

waters 500-1500 meters offshore.

Other studies have found similar results. In Catifa, the peak density of Marbled Murrelets
occurs 800 m offshore (Ralph and Miller 1995). tagBen’s Passage, in Southeast Alaska, the
peak density of Marbled Murrelets occurs 1000 rsloffe (ADF&G unpublished data). In
British Columbia, peak densities are approximaB&l§ m offshore in Trevor Channel (Burger
1995), and 600 m offshore along southwest Vancolsi@nd (Wong et al. 2008). The exact
shape of these murrelet distribution patterns céflan part, the abundance and availability of

food resources in these different areas.

But other factors come into play as well. Thesddare exposed to predation, especially by
aerial predators such as the Bald Eagle. They balahce the need to acquire sufficient food
for themselves and their chicks, while avoidingigekilled. Because the majority of a
murrelet’s daily activity budget is allocated tomafmraging activity (Henkel et al. 2003), we
suspect their typical distribution is heavily irdluced by the need to reduce exposure to

predation risk. Logically, that risk increases wittoximity to shore.



The oceanographic conditions that drive forage dbnoe and availability are not static, but
change over time (Gaston 2004, Etherington etGl7p Not surprisingly, we see this spatial
and temporal variability reflected in the shiftidigtribution of murrelets in Glacier Bay. In
2007,Brachyramphusnurrelet abundance peaked 200-400 m from shorel{Koff 2008). In
2009, they showed stronger preference for wateds9®@ m from shore. In 1999, Marbled
Murrelets were most abundant on coastal transe@28@ m from shore); and the next year, they

were more abundant on offshore transects (> 20@m $hore) (Robards et al. 2002).

Murrelet density increases as one moves progrdgsuewvard from the shore, peaking
somewhere between 300-1000 m generally. The steg@mel magnitude of this density gradient
varies from place to place, and from time to ti®ervey lines that run parallel to the shore make
it impossible to know if two density estimates difbecause (a) surveys were run different
distances from shore (b) surveys were run the shst@nce from shore, but murrelet distribution
shifted between years, or (c) the population tallgnged. When a density gradient exists, the
population should be sampled with the lipasallel to that gradient (Buckland et al. 2001), (i.e.,
perpendicular to shore). Alternatively, the gratliean be sampled with zig-zag lines, or at
randomized distances to shore, so that the entudient is sampled. The latter approach is the

one used to monitor Marbled Murrelets in the NogkiWorest Plan (Raphael et al. 2007)

Large-scale (bay-wide) DistributionMarbled Murrelets are relatively abundant and wpdead

in Glacier Bay. Kittlitz’'s Murrelets are much mamae, and localized in their distribution. For
Kittlitz's Murrelets especially, the density retedhon any annual survey is heavily dependent on
whether one or more transect lines intersectssterlof birds. In 1993, for example, over 50%

of the Kittlitz’'s murrelets were counted on 1.5%tloé survey area. One way of improving the
efficiency, and power, of the surveys is to styagidur sampling effort. Placing more effort in
strata where Kittlitz’'s Murrelets are more liketyaccur will potentially increase the precision of
your estimate without increasing time and coste @tlvantage of various stratification designs

is well covered by Drew et al. (2008), and won’tdiscussed further here.

Temporal Variation-+or the sake of discussion, we raise the quesfiovhether the birds in

Glacier Bay really reflect a “population” in thense that it is closed to significant emigration



and immigration within a breeding season, andttiasame birds (or same fraction of the global
population) return to Glacier Bay from one sumnaethie next. We know from flyway counts in
Icy Strait, and at the mouth of Glacier Bay thatubands of murrelets are flying into lower
Glacier Bay in the morning, and leaving this are¢he evening (Kirchhoff 2008). Whether this

daily influx of “day-use” birds is constant throumit the summer, or year to year, is not known.

Similarly, when forage resources are low, birds mbgndon breeding efforts early, or
altogether, and move out of Glacier Bay. In thoseumstances, low densities in Glacier Bay
would reflect a redistribution of birds, not a ptadion decline. More research is needed to
understand these large-scale temporal and spatiaips, and their potential effect on survey

trends.

Implications for Future Survey$ne of the most important findings of this studyhiat surveys
conducted in the nearshore stratum (0-300 m) anplgag habitat that is lightly-used by both
species, and so counts will be low. Similar conolas have been reached by Kirchhoff (2008)
and Drew et al. (2008). Slight, unintended shiftthe survey track of even a few hundred
meters further from shore can change the denditpat® by several hundred percent (Kirchhoff
2008). Survey tracks that “follow” the shore nefalow the shore exactly, and no two
shoreline surveys are ever the same. For thabmeas recommend that survey transects
always be straight lines, with known start and panhts. Ideally, these start and end points are
programmed into an auto-pilot steering systemacks can be replicated exactly, and steerage

is independent of the observer with respect tostatukead.

Most surveys of murrelets in Alaska are based single survey conducted during the breeding
season. Sometimes those surveys are conducte@ sartie date, and sometimes they are weeks,
or even months different. This introduces unhelpfuiance, because populations change as
breeding birds come off nests sometime in mid sumMereover, nesting is asynchronous, and
the peak of incubation may shift year to year. the reason, we recommend surveys be
conducted within the same 2-3 week time window gasar. The time interval selected should

coincide with the summer period when the surveyfiment of variation is lowest. In Glacier



Bay, and nearby Icy Strait, that period is lateeJtmmid July (Kirchhoff and Lindell,
unpublished data).

In this study, we found that in two bay-wide sursegonducted with the same vessel and crew
just 3 days apart, returned differences in derestimates of > 50 percent. This variability may
be due to an influx of birds, or it may reflect mal sampling variance. Because of high
between-survey differences within a narrow timaqegrwe recommend replicating the survey 1

or more times to achieve a robust, representasitimate of true density.
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TABLES

Table 1. Transect start and end points for the 18I@8ier Bay surveys. Latitude and Longitude

readings are NAD 27. Transects are “named” withidkeer (start) waypoint number.

Transect ID Latitude Longitude Latitude Longitude Length
Start Start End End
400 58.3792 135.9333 58.4450 136.0617 10.0
401 58.4450 136.0617 58.4567 136.0417 1.4
402 58.4567 136.0417 58.4956 136.0417 4.3
403 58.4956 136.0417 58.5442 136.1344 7.6
404 58.5442 136.1344 58.5850 136.0000 9.0
405 58.5850 136.0000 58.6258 136.1333 8.9
406 58.6258 136.1333 58.6767 136.0783 6.4
407 58.6767 136.0783 58.6767 136.2200 8.1
408 58.6767 136.2200 58.7481 136.2200 7.9
409 58.7481 136.2200 58.7481 136.4283 12.0
410 58.7481 136.4283 58.8167 136.4283 7.6
411 58.8167 136.4283 58.8167 136.5317 5.9
412 58.8167 136.5317 58.9156 136.5317 10.9
413 58.9156 136.5317 58.8633 136.7033 11.4
414 58.8633 136.7033 58.9069 136.7539 5.6
415 58.9069 136.7539 58.8825 136.8369 5.4
416 58.8825 136.8369 58.9536 136.9150 9.0
418 58.7342 136.3583 58.6819 136.3317 6.0
419 58.6819 136.3317 58.5950 136.4983 13.6
421 58.6819 136.3317 58.7217 136.1044 13.8
422 58.7217 136.1044 58.8089 136.1247 9.7
423 58.8089 136.1247 58.8411 136.0628 5.0
424 58.8411 136.0628 58.8867 136.1100 5.7
425 58.8867 136.1100 58.9117 136.0617 3.9
426 58.9117 136.0617 58.9567 136.1483 7.0
427 58.9567 136.1483 58.9850 136.1167 3.6
428 58.9850 136.1167 59.0683 136.2100 10.2
430 58.8089 136.1247 58.6967 136.0011 14.3
431 58.6967 136.0011 58.6911 136.0117 0.8
432 8.6911 136.0117 58.5978 135.9097 12.5
433 58.5978 135.9097 58.6289 136.0111 7.2
434 58.6289 136.0111 58.5617 136.0108 7.4
435 58.5617 136.0108 58.5133 135.95772 6.2
436 58.5133 135.9572 58.4917 135.9983 3.3
437 58.4917 135.9983 58.5050 136.0417 2.9
438 58.5050 136.0417 58.4683 136.0417 4.0
439 58.4683 136.0417 58.4364 135.9317 7.3
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Table 2. Additional transect lines were added iy 2009 to obtain better coverage of Glacier

Bay, including one transect in Tarr Inlet (4171 d@hree transects in Wachusset Inlet (4291-

4293). These four survey lines were not inclusdedamparisons of 1993 and 2009 survey

results. The original (1993) end waypoint for treects428 fell beyond the wilderness water

boundary in upper Muir Inlet and could not be resthn 2009. This waypoint was relocated to

the wilderness boundary, and resulted in trans2@t#ing shortened by 2.5 km in 2009.

TRANSECT ID LATITUDE LONGITUDE LATITUDE LONGITUDE LENGTH
START START END END
428 58.9850 136.1167 59.0450 136.185( 7.7b
4171 58.9675 136.9133 59.0517 137.0558 12.4D
4291 58.9417 136.1400 58.9233 136.2600 7.18
4292 58.9233 136.2600 58.9582 136.3867 8.2B
4293 58.9582 136.3867 58.9880 136.4083 3.5b
Table 3. Sums of birds seen on 41 transects in @éttinee surveys conducted in 2009.
SURVEY MAMU KIMU UNID MAMU KIMU UNID
VESSEL | SITTING SITTING SITTING FLYING FLYING FLYING
Sierra 1367 336 157 231 42 49
Gravina 1 1287 298 35 126 4 14
Gravina 2 2426 401 39 155 12 8
MEAN 1693 345 77 171 19 24




Table 4. Percent of murrelets that were unidemwtjfiying, and identified as Kittlitz’s Murrelets

during summer, 1993 and 2009. Results are foBThgansect set.

SURVEY SURVEY MURRELETS MURRELETS | % IDENTIFIED AS
YEAR VESSEL UNIDENTIFIED FLYING KITTLITZ'S
1993 Curlew 0.0% 29.8% 7.2%
2009a Sierra 8.5% 15.0% 13.4%
2009b Gravina 1 3.0% 8.9% 17.5%
2009c Gravina 2 1.3% 5.9% 12.9%

Table 5. A comparison of density and populatior sitMarbled Murrelets (MAMU) and

Kittlitz's Murrelets (KIMU) on the wateiin 1993 and 2009. Unidentified murrelets ( N=179)
were allocated 14% to KIMU and 87% to MAMU considterith the species ratio in positively
identified birds (N = 6,616). Comparisons are basethe 37-transect set (replicated three times
in 2009).

SPECIES SURVEY NUMBER OF DENSITY POPULATION
YEAR TRANSECTS (BIRDS/KM ?) SIZE
MAMU 1993 37x1 23.36 30,042
2009 37x3 19.66 25,288
KIMU 1993 37x1 2.07 2,657
2009 37x3 3.55 4,570




Table 6. Distribution of survey effort and habitiae by Marbled Murrelets (MAMU) and

Kittlitz's Murrelets (KIMU) relative to the shoréJse statistics are for birds recorded on the
water over three surveys (41 transects/survey).

DISTANCE FROM | % AVAILABLE | % OF USE BY MAMU | % OF USE BY KIMU
SHORE (M) AS HABITAT (N = 5,080) (N = 1,035)
0-300 0.04 0.03 0.02
300-600 0.16 0.16 0.15
600-900 0.18 0.27 0.25
900-1500 0.20 0.22 0.20
1500-1800 0.13 0.10 0.15
1800-2100 0.08 0.07 0.09
>2100 0.06 0.06 0.04
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Figure 1. Locations of 42 at-sea transects in @taBay. The red lines are transects surveyed in
both 1993 and 2009. The black lines, with fourddigimbers, are transects added in 2009. These

added transects were not used when comparing snisdtween years. Transect 428, in

northern Muir Inlet, was surveyed both years, hetriorthernmost portion (in red) could not be

reached in 2009 due to a Wilderness boundary. €cdd.61, near the mouth of Johns Hopkins

Inlet, was added by th@ravinacrew to document an aggregation of Kittlitz’s Melats in that

area. Because of this bias, it was not used inllptipn estimates, trend estimates, or maps of

relative abundance.
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Figure 2. Mean density and 95% Confidence Interfa@l$/arbled Murrelets in Glacier Bay in
1993 and 2009. The 37 transects shown in Figuverg subdivided into 2 km long segments,
yielding 120 sample units in 1993, and 420 samplesifrom three surveys) in 20009.
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Figure 3. Mean density and 95% Confidence Interfa@littlitz’'s Murrelets in Glacier Bay in
1993 and 2009. The 37 transects shown in Figuverg subdivided into 2 km long segments,
yielding 120 sample units in 1993, and 420 samplesffrom three surveys) in 2009.



Marbled Murrelet Habitat Preference
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Figure 4. Marbled Murrelets do not select for watgithin 300 m of shore, and selected for
waters 600-900 m from shore. Waters beyond 1,26@m shore are not selected (N = 5,080

Marbled Murrelets recorded over three surveys).



Kitttlitz's Murrelet Habitat Preference
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Figure 5. Kittlitz's Murrelets also do not seleot waters within 300 m of the shore. Kittltiz's
Murrelets tend to occur further offshore than MadMurrelets, with a preference for waters
600-900 offshore, and a less-strong preferenc&Z60-1500 m offshore. Waters beyond 1800
m from shore are not selected. (N = 1,035 Kittiitelurrelets recorded over three surveys)
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Figure 6. Comparative distribution of Marbled Muets (top) and Kittlitz’'s Murrelets (bottom)
in Glacier Bay, 2009. Results reflect average ofdtreplicate surveys. Small bays were not
surveyed (see Figure 1).
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Figure 7. Comparative distribution of Kittlitz’'s Melets in Glacier Bay in 1993 (top) and 2009
(bottom). Survey coverage was expanded into TatVaachusset Inlets in 2009 (see Figure 1).
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Figure 8. Comparative distribution of Marbled Muets in Glacier Bay in 1993 (top) and 2009
(bottom). Survey coverage was expanded into Tateachusset Inlets in 2009 (see Figure 1).
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Figure 9. Comparative distribution Bfachyramphudurrelets in Glacier Bay in 1993 (top) and
2009 (bottom). Survey coverage was expanded intoahal Wachusset Inlets in 2009 (see
Figure 1).
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Figure 10. Survey to survey variance in density @isttibution of Marbled Murrelets during
three surveys conducted 3-9 July 2009.



Figure 11. Survey to survey variance in density @isttibution of Kittlitz's Murrelets during
three surveys conducted 3-9 July 2009.



