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Abstract 25 

The Kittlitz’s Murrelet (Brachyramphus brevirostris) is a small, non-colonial seabird 26 

endemic to marine waters of Alaska and eastern Russia that may have experienced significant 27 

population decline in recent decades, in part because of low reproductive success and terrestrial 28 

threats. Although recent studies have shed new light on Kittlitz’s Murrelet nesting habitat in a 29 

few discrete areas, the location and extent of suitable nesting habitat throughout most of its range 30 

remains unclear. Here, we have compiled all existing nest records and locations to identify 31 

landscape-scale parameters (distance to coast, elevation, slope, and land cover) that provide 32 

potential nesting habitat in four regions: northern Alaska, Aleutian Islands, Alaska Peninsula 33 

Mountains and Kodiak Island, and Pacific Coastal Mountains (including nearshore interior 34 

Canada). We produced a final map classifying 12% (70,411 km2) of the lands assessed as 35 

potential Kittlitz’s Murrelet nesting habitat, with dense but distinct patches in northern Alaska 36 

and a more uninterrupted, narrow band extending across the Pacific Coastal Mountains, Alaska 37 

Peninsula Mountains, and Aleutian Islands. The extent of habitat-capable parameter values 38 

varied regionally, indicating that the Kittlitz’s Murrelet may be able to use a variety of habitats 39 

for nesting, depending on availability. Future nesting habitat studies could employ spatially 40 

random sampling designs to allow for quantitatively robust modeling of nesting habitat and 41 

predictive extrapolation to areas where nests have not been located but likely exist. 42 
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Introduction 59 

The Kittlitz’s Murrelet (Brachyramphus brevirostris, family Alcidae) is a small, diving 60 

seabird endemic to marine waters of Alaska and the Russian Far East where it spends its entire 61 

annual cycle (Day et al. 1999). During the summer breeding season, individuals occur in 62 

nearshore waters, where they feed primarily on small marine fish (Hatch 2011). During the last 63 

decade, the Kittlitz’s Murrelet has been the subject of conservation concern (BirdLife 64 

International 2014; Butcher et al. 2007; U.S. Fish and Wildlife Service [USFWS] 2004, 2013) 65 

due to evidence of population declines in some portions of its range (Kuletz et al. 2011a, 2011b; 66 

Piatt et al. 2011), as well as an apparent association with glacially influenced marine habitats that 67 

are changing rapidly (Kuletz et al. 2003; Arendt et al. 2009). Until recently, little information 68 

was available describing Kittlitz’s Murrelet natural history, particularly its breeding biology 69 

(Day et al. 1999).  70 

Unlike most seabirds, Kittlitz’s Murrelets are not colonial breeders but instead nest 71 

solitarily, selecting sites that often are far inland from marine foraging areas (up to 74 km; Day et 72 

al. 1983; Gaston and Jones 1998).  Nests typically are located on un- to sparsely vegetated talus 73 

slopes, barren ground, and cliffs and ledges in near-coastal uplands and mountains, where a 74 

single egg is laid in a nest scrape on open ground (Figure 1; Day et al. 1999). Both adults 75 

incubate at 24–48-hour intervals for ~30 days, followed by a 20–30-day chick-rearing period 76 

during which time the chick is left unattended while its parents forage between chick-meal 77 

deliveries. Owing to its secretive nesting habits and cryptic breeding plumage, presumably aimed 78 

at avoiding detection by predators (Figure 1), only 17 nests had been discovered in Alaska before 79 

1999, and most were found accidentally (Day et al. 1999). 80 

Since 2005, three key studies in Alaska have filled information gaps in our knowledge of 81 

the nesting biology of Kittlitz’s Murrelets. From 2006 to 2012, researchers located 95 nests by 82 

ground-searching foot-accessible areas on Agattu and Adak islands in the Aleutian Archipelago 83 



 

(Kaler et al. 2009; Kaler, USFWS, unpublished data). Using similar methods, researchers at 84 

Kodiak Island in south-central Alaska discovered 74 nests from 2008 to 2012 (Lawonn 2012; 85 

Corcoran et al. 2014). Finally, in Icy Bay, a heavily-glaciated fjord system in southeastern 86 

Alaska, researchers found 35 nests from 2007 to 2012, primarily by using radiotelemetry to track 87 

murrelets captured at sea to inland nest sites (Kissling et al. 2015). Across these studies, 74% of 88 

monitored nests failed due to nest depredation, chick death (owing to starvation, exposure, or 89 

disease), or chick abandonment (USFWS 2013). Although the rates and causes of nest failure 90 

differed among study areas, overall reproductive output of Kittlitz’s Murrelets in these studies 91 

appeared alarmingly low, raising concern that this species may be experiencing reproductive 92 

problems, as proposed by Day and Nigro (2004). Although it is unknown if the ultimate cause of 93 

reproductive failure is associated with the marine or terrestrial habitats, or a combination of both, 94 

management actions that reduce or eliminate factors contributing to nest failure may benefit this 95 

species. 96 

Although these recent studies (summarized in USFWS 2013) have shed new light on 97 

Kittlitz’s Murrelet nesting habitat in a few discrete areas, the location and extent of other 98 

possible nesting areas remains unclear. Our overall goal was to combine existing disparate 99 

datasets to identify potential Kittlitz’s Murrelet nesting habitat throughout its North American 100 

range to assist managers responsible for guiding conservation directives and to provide 101 

researchers with a meaningful starting point for discovering new nesting areas. Specifically, we 102 

(1) characterized Kittlitz’s Murrelet nesting habitat at the landscape scale; (2) defined criteria for 103 

delineating/identifying possible nesting habitat; and (3) mapped potentially suitable nesting 104 

habitat based on these criteria.  105 

 106 

Study Area 107 

We delineated geographic boundaries to our study area based on the regular at-sea 108 

occurrence of Kittlitz’s Murrelets during the breeding season, which included nearly all of 109 

coastal Alaska (Figure 2). We did not consider the density of murrelets at sea as a factor in 110 

delineating boundaries, although we acknowledge that the greatest densities of this species occur 111 

in south-coastal Alaska (USFWS 2013). We excluded from consideration land east of 154°W 112 

(~100 km east of Point Barrow) in northern Alaska because breeding Kittlitz’s Murrelets do not 113 

appear to use marine or terrestrial habitat along the Beaufort Sea coastline (Day et al. 2011). We 114 



 

did not include land in coastal British Columbia (south of 54.65°N and east of ~130°W; Figure 115 

2) because Kittlitz’s Murrelets are extremely rare south of Alaska (Carter et al. 2011). We 116 

considered all remaining land in Alaska and interior Canada within 100 km of the Alaska 117 

coastline in our analysis, following Day et al. (2011; Figure 2). We divided this area into four 118 

regions following Gallant et al. (1995): Northern Alaska (NOAK), Aleutian Islands (AI), Alaska 119 

Peninsula Mountains (APM, including Kodiak Island), and Pacific Coastal Mountains (PCM; 120 

Figure 2). These regions are ecologically distinct due to differing environmental factors such as 121 

topography, climate, and geology (Gallant et al. 1995).  122 

 123 

Methods 124 

We mapped potential nesting habitat of Kittlitz’s Murrelets with a three-step procedure. 125 

First, we compiled available nest records and evaluated them for authenticity. Second, we used 126 

the available nest records to define thresholds for selected physical and biological parameters 127 

that were used to distinguish habitat-capable from non-habitat-capable lands for each parameter. 128 

Third, we mapped potential nesting habitat where all parameters were habitat-capable.  129 

 130 

Nest Records 131 

We compiled a database of all reported Kittlitz’s Murrelet nests (n = 249; Table A1) 132 

between 1904 and 2012. We then determined the veracity and locational accuracy of these nests 133 

by consulting original information sources. We categorized a nest as (1) “Confirmed” if it was 134 

observed directly and species identification was unequivocal, (2) “Probable” if it was located 135 

using aerial telemetry tracking of radio-marked Kittlitz’s Murrelets with at least two non-136 

consecutive inland locations (suggesting incubation exchange between adults), or (3) “Possible” 137 

if it was either a terrestrial site where only one aerial telemetry location was obtained or a nest 138 

record with uncertain species identification (due to confusion with the Marbled Murrelet [B. 139 

marmoratus], a congeneric species that sometimes nests in similar habitat; Barbaree et al. 2014; 140 

Kissling et al. 2015). Additionally, we classified each nest into one of four locational accuracy 141 

categories: very low (>1 km), low (500 m – 1 km), medium (100 – 500 m), and high (<100 m; 142 

Table 1). We used only confirmed or probable nests with medium or high locational accuracy 143 

(n=215) for analysis. 144 

 145 



 

Habitat parameters and mapping 146 

We considered three physical parameters (distance to coastline, elevation, and slope) and 147 

one biological parameter (land cover) as potentially important characteristics of nesting habitat 148 

for this species (Day et al. 1999, 2011). We used the National Elevation Dataset (NED) digital 149 

elevation model (DEM) to represent elevation in Alaska (60 m x 60 m horizontal resolution; 150 

Gesch et al. 2002) and a DEM for Canada from Canadian Digital Elevation Data (25 m x 25 m 151 

horizontal resolution; Natural Resources Canada 1996). We filled small gaps in Alaska NED 152 

DEM coverage with Advanced Spaceborne Thermal Emission and Reflection Radiometer DEM 153 

data (ASTER, 30 m x 30 m horizontal resolution; Land Processes Distributed Active Archive 154 

Center 2006). We derived slope from this composite DEM (maximum elevation change with any 155 

adjacent cell) and generated a raster representation of distance to coastline from a 1:63,000 156 

coastline shapefile for Alaska (Alaska Department of Natural Resources 1998). For land cover 157 

classification, we used the National Land Cover Dataset (NLCD; 30 m x 30 m horizontal 158 

resolution) for Alaska (Homer et al. 2007) and the Earth Observation for the Sustainable 159 

Development of Forests (25 m x 25 m horizontal resolution; Natural Resources Canada 2008) for 160 

Canada. We preprocessed data to a common projection and resampled to match the spatial 161 

resolution of the coarsest data set (NED DEM, 60 m) using ArcGIS (v10.1; ESRI, Redlands, 162 

CA). 163 

We obtained values for distance to coastline, elevation, slope, and land cover class for 164 

nest sites based on their spatial intersection with habitat parameter layers. Although written 165 

descriptions and field measurements of nest habitat parameters were available for many nests, we 166 

did not use them because that information did not exist for all records and it often was measured 167 

or estimated at inconsistent scales or at finer resolutions than could be represented by the GIS 168 

data sets. Instead, we used the values extracted from the GIS habitat parameters to ensure that we 169 

produced a nesting habitat map at a common, range-wide scale and with standardized habitat 170 

measurements and classifications.  171 

Regionally, we determined minimum and maximum values of the three physical 172 

parameters among nests to establish thresholds for each parameter. We then expanded the range 173 

of these values by proportionally fixed amounts in each region under the assumptions that (1) 174 

nests have been found near, but not at the extreme limit, of each parameter, and (2) those 175 

extreme limits vary regionally based on how local climate, topography, and geology interact to 176 



 

create potential habitat that is accessible to Kittlitz’s Murrelets within their energetic limits (e.g., 177 

distance from coastline).  These adjusted thresholds also absorbed the effects of uncertainty due 178 

to potential nest location or habitat parameter inaccuracies. We deemed land within these 179 

adjusted thresholds as habitat-capable for that particular parameter and land outside the threshold 180 

range was designated non-habitat-capable (following Raphael et al. 2006, 2011).   181 

For distance from coastline, we excluded land less than 200 m from shore in all regions 182 

because Brachyramphus murrelets probably avoid nesting immediately along the shoreline 183 

where predators are abundant (Albert and Schoen 2007). To set the maximum distance from 184 

coastline threshold in each region, we identified the distance of the nest farthest from shore and 185 

added 30%. We chose an adjustment value of 30% in all regions to allow for consistency with 186 

Day et al. (2011) in NOAK. We did not set a maximum distance to coastline threshold in AI 187 

because the maximum possible value was too small (<20 km). For elevation and slope 188 

thresholds, we determined the minimum nest elevation and slope of nests in our database in each 189 

region and reduced each parameter by 15%; this value was arbitrary but seemed reasonable given 190 

that many nests in our dataset were subject to sampling bias. For similar reasons, we did not set 191 

upper limits to elevation or slope in any region. Kittlitz’s Murrelets will nest on cliff ledges 192 

surrounded by terrain that is inaccessible by foot and at elevations up to 2555 m (Kissling et al. 193 

2015). We assumed that high elevations in steep alpine areas have not been traversed as much as 194 

low elevations in flatter terrain, so it was less likely for nests to have been found 195 

opportunistically in the former areas. Although Kittlitz’s Murrelets undoubtedly encounter 196 

physiological limitations that prevent them from nesting above a certain altitude, those limits are 197 

unknown. Further, the amount of snow- and ice-free land at the highest elevations was minimal 198 

(<0.1% above 2,555 m), so our liberal approach to setting thresholds for elevation and slope 199 

probably had little influence on our results. 200 

We used land cover class as a biological parameter to designate habitat-capable land for 201 

Kittlitz’s Murrelets in all regions. We identified the NLCD land cover class value at each nest 202 

site and then compared them to nest site descriptions to evaluate if they were biologically valid 203 

or could be erroneous due to potential nest site locational inaccuracy or NLCD error.  Potentially 204 

erroneous land cover classes (e.g., ice/snow) were excluded.  205 

In each region, we identified potential Kittlitz’s Murrelet nesting habitat as lands within 206 

the habitat-capable bounds of all four parameters combined. To determine regional variation, we 207 



 

calculated the total land area (km2) of potential habitat in each region and the proportion of that 208 

land by land cover class considered habitat-capable. We then joined regional maps to produce a 209 

final map of potential nesting habitat for Kittlitz’s Murrelets in North America.   210 

 211 

Results 212 

Across all regions, the maximum distance between a Kittlitz’s Murrelet nest and the 213 

coastline was 73.5 km, the minimum nest elevation was 128 m, and the minimum slope was 0° 214 

(n = 215 nests; Table 2). After adjusting thresholds to account for uncertainty, the maximum 215 

distance from coastline for habitat-capable land ranged from 36.9 km in PCM to 95.5 km in 216 

NOAK (Table 2). The minimum habitat-capable elevation was lowest in NOAK (109 m) and 217 

highest in AI (156 m); the minimum habitat-capable slope ranged from 0° in PCM to 5.6° in 218 

NOAK (Table 2).   219 

Almost all nests (90%) were found on three land cover classes: barren (45% of nests), 220 

dwarf-shrub (33%), and grassland/herbaceous (12%). The remaining 10% of nests were located 221 

on perennial snow/ice (n = 19) or shrub/scrub (n = 2). All nests within the perennial snow/ice 222 

land cover class were located using aerial telemetry in the PCM region, were located adjacent to 223 

steep, barren habitat dominated by cliffs, and fell within the medium-level accuracy category. 224 

Hence, we assumed that these nests likely were located on barren habitat and did not consider 225 

perennial snow/ice to be habitat-capable. It also is possible that some nests in this land cover 226 

class were discovered in years of lower snow cover than the remote sensing data used to create 227 

the NLCD land cover product, suggesting that these nest sites may only be available in some 228 

years.  Similarly, we assumed that shrub/scrub was not habitat-capable because the written 229 

habitat descriptions for both nests located in this land cover were not consistent with GIS-derived 230 

data. Additionally, both nests were adjacent to one of the predominant three land cover classes, 231 

indicating small-scale inaccuracies in the NLCD land cover or nest locations. Therefore, we 232 

ultimately defined only barren, dwarf-shrub, and grassland/herbaceous land cover classes as 233 

habitat-capable.  234 

We classified 12% (70,411 km2) of the land within our study area as potential nesting 235 

habitat (Table 3), with dense, but discrete, patches located in NOAK and a more uninterrupted, 236 

narrow band extending across the coastal mountainous areas in AI, APM, and PCM (Figure 3; 237 

Data A1). Regionally, the proportion of potential habitat was greatest in AI (39%) and least in 238 



 

NOAK (9%; Table 3). Potential nesting habitat was present along much of the Pacific coast of 239 

Alaska (PCM, APM, and AI regions), although notable gaps existed in extreme southeastern 240 

Alaska (primarily on islands of the Alexander Archipelago) and in lowlands around upper Cook 241 

Inlet (Figure 3). Larger, higher elevation islands in AI tended to have more potential habitat (e.g., 242 

Adak Island) than smaller and lower islands. Along the Bering and Chukchi Sea coasts (NOAK), 243 

potential nesting habitat was present in the western Brooks Range, on the Seward Peninsula, east 244 

of Norton Sound in the Nulato Hills, and, to a lesser extent, in the Ahklun/Kilbuck Mountains 245 

between the Yukon–Kuskokwim Delta and Bristol Bay (Figure 3). Large habitat gaps occurred 246 

in the extensive lowlands near Bristol Bay, the Yukon–Kuskokwim Delta, Kotzebue Sound, and 247 

north of the Brooks Range on the Arctic Coastal Plain (Figure 3).  248 

We found considerable regional variation in the proportional extent of habitat-capable 249 

land cover classes (Figure 4). The “barren” land class was most widespread in PCM (80%), 250 

decreased westward through APM (43%) and AI (31%), and was least common in NOAK 251 

(14%). This pattern was opposite for the “dwarf-shrub” land class, which was most extensive in 252 

NOAK (86%) and least common in PCM (19%). “Grassland/herbaceous” habitat was only 253 

common in APM (9%) and AI (27%).  254 

 255 

Discussion 256 

 We provide the first comprehensive assessment of potential nesting habitat of the 257 

Kittlitz’s Murrelet for North America (Figure 4). Our criteria identified 12% (70,411 km2) of all 258 

land within regionally defined distance to coastline thresholds as potentially suitable for nesting,  259 

with most located in NOAK and PCM (72%; Table 3). Our classification scheme provides a tool 260 

to help resource managers and policy makers in North America make informed decisions for the 261 

management of potentially important Kittlitz’s Murrelet nesting habitat. In addition, our 262 

classification of nesting habitat provides a baseline to evaluate future shifts in the breeding range 263 

of this species (e.g., Raphael et al. 2011).  264 

Our results indicate that the Kittlitz’s Murrelet uses a variety of habitats depending on 265 

availability. For example, Kittlitz’s Murrelets may nest farther inland in NOAK (≤96 km; Table 266 

3) because the nearshore topography is more subdued and maximum elevations (≤1,450 m) are 267 

lower and farther from shore than in PCM (≤37 km; Table 3), where the Chugach–St. Elias 268 

Mountains (maximum elevation 5,489 m) present a significant nearshore topographic barrier 269 



 

limiting inland travel of murrelets to nest sites that are comparatively closer to the coast. Indeed, 270 

nesting Kittlitz’s Murrelets presumably would preferentially nest closer to the coastline to reduce 271 

flight energetic costs, especially during chick-rearing (Hatch 2011). The maximum distance 272 

flown inland by Kittlitz’s Murrelets, therefore, may be negatively correlated with the amount of 273 

suitable habitat located near the coast. Additionally, constant physical disturbance by extensive, 274 

active glaciation in PCM provides substantial barren and sparsely vegetated habitat at very low 275 

slopes (≥0°), whereas low-slope areas in NOAK (≥5.6°; Table 3) are more likely to be covered 276 

by wet, vegetated tundra. These terrestrial factors may explain in part why Kittlitz’s Murrelets 277 

reach their greatest densities at sea in PCM compared to other regions (Day et al. 2011; Kissling 278 

et al. 2011; Madison et al. 2011). 279 

Kittlitz’s Murrelet nesting habitat generally follows the near-coastal (<100 km inland) 280 

distribution of dry and alpine “upland tundra” vegetation zones in Alaska (Viereck et al. 1992). 281 

These zones manifest as Dryas spp. Dwarf-shrub tundra on exposed ridges and rocky sites in 282 

northern and western Alaska (NOAK), Dryas and ericaceous dwarf-shrub tundra above treeline 283 

in mountainous regions of south-central Alaska (eastern APM and western PCM), and Empetrum 284 

spp. heath, ericaceous dwarf-shrub, and mesic forb herbaceous vegetation in AI and, to a lesser 285 

extent, APM (Viereck et al. 1992). Barren habitat consisting of little to no vegetation is 286 

associated with these upland tundra zones across their range; however, it is most widespread in 287 

PCM where higher elevations, steep topography, extensive glaciation, and concomitant erosional 288 

processes prevent significant soil development (Gallant et al. 1995; Viereck et al. 1992). The 289 

regional proportion of potential habitat in each habitat-capable land cover class varied similarly 290 

(Figure 4), as did field measurements of vegetative type and cover at extant nest sites (Day et al. 291 

2011; Kaler et al. 2009; Lawonn 2012; Kissling, USFWS, unpublished data). The regional 292 

variability in how habitat parameters manifest as suitable habitat, as well as the species’ apparent 293 

high level of behavioral plasticity in regard to where breeding birds will go to locate nesting 294 

habitat, likely contributes to the broad, but irregular, distribution of Kittlitz’s Murrelets at sea 295 

during the breeding season (USFWS 2013).  296 

At the nest-site scale, field studies have shown that Kittlitz’s Murrelets tend to nest 297 

among the least-vegetated areas available locally (Kaler et al. 2009; Kissling, USFWS, 298 

unpublished data) and sometimes avoid nesting near vegetated edges, perhaps to avoid predators 299 

(Lawonn 2012). The amount of vegetative cover measured within a 25 m radius of nest sites 300 



 

ranged from 0 – 75% (Kaler et al. 2009; Day et al. 2011; Lawonn 2012; Kaler, USFWS, 301 

unpublished data; Kissling, USFWS, unpublished data). At the landscape scale, grid cells in the 302 

NLCD product needed only to have >15% vegetative cover to be defined as a vegetated land 303 

cover class and realistically also contained barren or sparsely vegetated patches that were lost at 304 

the coarser resolution of these data. Therefore, we likely overestimated potentially suitable 305 

habitat by including these vegetated land cover classes. Our map product, however, provides a 306 

general representation of the spectrum of potential nesting habitat throughout the majority of this 307 

species’ range.  308 

Although we were not able to ground-truth the final product, we present three points that 309 

substantiate our regional habitat assessment. First, the known at-sea distribution of Kittlitz’s 310 

Murrelets during the breeding season generally mirrors the distribution of potential nesting 311 

habitat we identified (see USFWS 2013 for summary of at-sea distribution). Second, our results 312 

in northern Alaska are similar to those of Day et al. (2011) who mapped nesting habitat for this 313 

species by using only land cover classes and elevation; the addition of slope (as recommended in 314 

that study) restricted the extent of potential habitat in our study, but the two efforts generally 315 

produced similar results. Third, the maximum annual nest density recorded in suitable, well-316 

searched terrain is 0.118 nests km-2 (Kodiak Island, APM; Lawonn 2012), which produced a 317 

breeding population estimate of ~8,200 pairs (16,600 individuals) when applied uniformly to the 318 

areal extent of potential habitat we identified. Including the number of non-breeders (potentially 319 

80% of the population; Kissling et al. 2015) and a Russian population of at least 1,000 murrelets 320 

(Artukhin et al. 2011) could increase this number to be similar to current range-wide population 321 

estimates of ~25,000 to ~42,000 individuals (USFWS 2013), generally supporting our mapping 322 

criteria. Additionally, the calculation of true surface area (instead of planimetric area, as used 323 

here) would increase the total area of potential nesting habitat, most of which is sloping, 324 

resulting in a greater estimate of nesting murrelets. Of course, it is unlikely that Kittlitz’s 325 

Murrelets nest at similar densities across their entire range or use all habitat mapped in this 326 

study; the extent of suitable nesting habitat may drive regional distribution, whereas favorable at-327 

sea conditions drive local abundance, or vice versa (Arimitsu et al. 2012; Raphael et al. 2014). 328 

We did not calculate the probability associated with potential nesting habitat by 329 

quantitatively modeling the distribution of habitat parameters at extant nest sites because of 330 

spatial sampling bias (Raphael et al. 2011). Nests with reasonable location accuracy that were 331 



 

discovered accidently were few (n < 20), and, of the three focused nesting studies, those in AI 332 

(Kaler et al. 2009) and APM (Lawonn 2012) were biased towards restricted, foot-accessible 333 

areas that do not represent the full range of habitat parameters available in the regional landscape 334 

(Figure 3). In comparison, nest sites located using aerial telemetry around Icy Bay were sampled 335 

across the landscape without spatial biases. Those nests present the best opportunity for 336 

quantitative modeling of nest habitat suitability at the landscape scale, albeit only for PCM 337 

because of inter-regional variation in the availability of habitat parameters (e.g., land cover; 338 

Figure 4).  339 

 The framework and map presented herein provides the first management tool for 340 

identifying potential Kittlitz’s Murrelet nesting habitat across the species’ North American range. 341 

We used an approach that isolated common regional and range-wide characteristics for four 342 

habitat parameters, with an emphasis on using extant nesting information within its limit of 343 

inference. Although we probably have over-represented the true extent of nesting habitat with 344 

our criteria, the final map product can help focus future survey and research efforts to locate 345 

potentially important areas for conservation that can be refined further by ground-truthing. For 346 

example, the use of guano-facilitated vegetative growth at previously occupied nests has recently 347 

been used to locate active murrelet nests in the Aleutian Islands (Kenney and Kaler 2013); 348 

vegetative cues such as this could provide an important fine-scale tool in areas of potential 349 

nesting habitat identified herein.  Our results suggest further analyses coupling at-sea distribution 350 

data with our nesting habitat map would assist investigations regarding relative importance of 351 

other factors—such as glaciation, habitat patchiness, or distance to vegetated edge—that may 352 

influence the distribution and abundance of Kittlitz’s Murrelet nesting habitat at the landscape 353 

scale (Kuletz et al. 2003; Lawonn et al. 2012). Future nest surveys that employ non-biased, 354 

spatially random, or stratified-random sampling designs (e.g., telemetry, point-, or line-transect 355 

designs) would allow for quantitative modeling of nesting habitat and better extrapolation to 356 

areas where nests have not been located. In particular, very few nests with reliable locational 357 

accuracy have been discovered in the largest region in this study (NOAK; n = 7). Focused 358 

research in NOAK (as well as AI and APM) that evaluates the relative importance of the barren 359 

and vegetated land cover classes to nesting Kittlitz’s Murrelets could help to refine further the 360 

overall extent of potential habitat estimated in our study. 361 

 362 
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Table Captions 589 

Table 1. Description of four categories used to classify locational accuracy of Kittlitz’s Murrelet 590 

(Brachyramphus brevirostris) nests for mapping potential nesting habitat in North America.  591 

Table 2. Summary of nest elevation, slope, and distance to coastline values extracted from GIS 592 

habitat parameter layers at Kittlitz’s Murrelets (Brachyramphus brevirostris) nest sites (1904–593 

2012) and value ranges used to define habitat-capable land for nesting in each region, North 594 

America. Regions include northern Alaska (NOAK), Aleutian Islands (AI), Alaska Peninsula 595 

Mountains (APM), and Pacific Coastal Mountains (PCM). 596 

Table 3. Total land area in each region (within distance to coastline thresholds) considered in 597 

analysis and area and proportion of potential habitat for nesting Kittlitz’s Murrelets 598 

(Brachyramphus brevirostris) that met all habitat parameter criteria (elevation, slope, land 599 

cover). Potential nesting habitat was identified using nest sites discovered through 2012. Regions 600 

are northern Alaska (NOAK), Aleutian Islands (AI), Alaska Peninsula Mountains (APM), and 601 

Pacific Coastal Mountains (PCM). 602 

  603 



 

Figure Captions 604 

Figure 1. Examples of Kittlitz’s Murrelet (Brachyramphus brevirostris) nest sites on Kodiak 605 

Island (A; photo credit: M.J. Lawonn), near Icy Bay (B, C; photo credit M.L. Kissling), and in 606 

Aleutian Islands (D, E; photo credit R.S.A. Kaler).  Nest sites were photographed between 2007 607 

and 2015.  608 

Figure 2. General, year-round marine distribution of Kittlitz’s Murrelets (light blue; summarized 609 

from USFWS 2013) and boundaries of four regions used for establishing criteria and mapping 610 

potential nesting habitat of the Kittlitz’s Murrelet (Brachyramphus brevirostris) in North 611 

America. Regions are northern Alaska (NOAK), Aleutian Islands (AI), Alaska Peninsula 612 

Mountains (APM), and Pacific Coastal Mountains (PCM). 613 

Figure 3. Known nest sites (black dots; 1904–2012) and potential nesting habitat identified in 614 

this study (shown in red) for Kittlitz’s Murrelets (Brachyramphus brevirostris) in North America 615 

(A). The initial geographic extent of land considered in analysis (within regional distance to 616 

coast thresholds) is shown in dark gray. Inset maps depict potential nesting habitat at Seward 617 

Peninsula (B), Agattu Island (C), Kodiak Island (D), and Icy Bay (E). The distribution of nest 618 

sites (black dots) on Agattu Island (C) and Kodiak Island (D and inset) are restricted to small 619 

areas thoroughly searched on foot, compared to Icy Bay (E) where nests were located by tracking 620 

telemetered birds that were sampled at sea and thus were not subject to spatial bias. Seward 621 

Peninsula nest sites (B) were discovered opportunistically or accidentally.  622 

Figure 4. Proportion of potential Kittlitz’s Murrelet nesting habitat identified in this study in the 623 

three habitat-capable land cover classes in each region. Regions are northern Alaska (NOAK), 624 

Aleutian Islands (AI), Alaska Peninsula Mountains (APM), and Pacific Coastal Mountains 625 

(PCM). 626 
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Locational accuracy category Description 

High (≤ 100 m) Nests are ground-truthed and locations determined 

with GPS or accurate maps 

Medium (100 – 500 m) Nests located from aerial telemetry but never 

ground-truthed; nest locations determined to within 

500 m by written or verbal descriptions by nest 

discoverers 

Low (500 m – 1 km) Nest locations determined to within 1 km by written 

or verbal descriptions by nest discoverers 

Very Low (≥ 1 km) Nest locations not known at less than 1 km; reported 

coordinates only used to mark general area 

 



Region # of 
nests 

Distance to Coast (km) Elevation (m) Slope (degrees) 

Actual 
maximum 

Range of 
habitat-capable 

land 

Actual 
minimum 

Range of 
habitat-capable 

land 

Actual 
minimum 

Range of 
habitat-capable 

land 
NOAK 7 73.5 0.2 - 95.5 128 > 109 8 > 5.6 

AI 95 4.9 ≥ 0.2 184 > 156 2 > 1.4 

APM 75 36.4 0.2 - 47.3 151 > 128 5 > 3.5 

PCM 38 28.4 0.2 - 36.9 170 > 145 0 > 0.0 

All 215 73.5   128   0   

 



Region Total Area (km2) 
Potential Nesting Habitat 

Area (km2) Proportion 

NOAK 305,318 27,135 0.09 

AI 11,779 4,536 0.39 

APM 72,639 15,467 0.21 

PCM 173,869 23,273 0.13 

All Regions 563,605 70,411 0.12 

 


	Article File
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3

