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Abstract We examined trends in the abundance and distribution of 12 species of marine birds around the Pribilof Islands, southeastern Bering Sea, over the period from 1977 to 2004. We contrasted patterns among piscivores and planktivores and related these to known and hypothesized changes in the abundance and distribution of prey in the vicinity of the islands. Planktivorous and piscivorous species of marine birds showed different patterns of abundance over time. Planktivorous seabirds that breed away from the Pribilof Islands (e.g., short-tailed shearwaters [Puffinus tenuirostris], fort-tailed storm-petrels [Oceanodroma furcata] and red phalaropes [Phalaropus fulicarius]) were scarce in the 1970s, were abundant in the 1980s and declined in abundance in the 1990s and from 1999-2004. Planktivorous alcids combined (parakeet [Aethia psittacula], crested [A. cristatella] and least [A. pusilla]) that breed on the Pribilof Islands showed a similar, remarkable fourfold increase from the 1970s to the 1980s, but then a small increase into the 1990s followed by a rapid decline in the 2000s to numbers similar to those present during the 1970s. The abundance of piscivores kittiwakes (Rissa spp.) and murres (Uria spp.) was high in the 1970s and declined through the 1980s, 1990s and 2000s. In 1999 and 2004, the total number of all seabirds at sea around the Pribilof Islands was well below the numbers seen at any other survey period. We hypothesize that these changes in the abundances and types of seabirds present through time reflect changes in the structure of the marine ecosystem of the eastern Bering Sea shelf. We suggest that changes in pathways of energy flow may be responsible for these shifts, though the possibility that there has been a reduction in productivity cannot be ruled out given the scarcity of available data.
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1. Introduction The marine ecosystem of the Bering Sea has undergone significant changes during the past four decades (Vance et al., 1998; Hunt et al., 2002). At least two major “regime shifts” have occurred. The first shift occurred in 1976/1977, when the Pacific Decadal Oscillation (PDO) underwent a strong transition that coincided with an intensification of the wintertime Aleutian Low and a year-round warming of the Bering Sea (Hare and Mantua, 2000). The second shift occurred in 1988/1989 and resulted in a weakened winter Aleutian Low and winter cooling of the Bering Sea (Hare and Mantua, 2000). These regime shifts have been associated with changes in the marine climate of the Bering Sea, such as decreased storminess, increased ocean temperatures and reduced sea-ice cover (Overland and Stabeno, 2004). Decreased storminess and increased upper mixed layer temperatures decrease vertical mixing and nutrient replenishment to the euphotic zone (Sambrotto et al., 1986). Sea-ice and spring winds closely determine the timing and fate of the spring bloom (Stabeno et al., 2001; Hunt et al., 2002). Coincident with changes in the physical environment have been marked changes in marine fauna. The biomass of large predatory fish, such as adult walleye pollock (Theragra chalcogramma), Pacific cod (Gadus macrocephalus) and arrowtooth flounder (Atheresthes stomias) increased in the late 1970s and early 1980s (Hunt et al., 2002). In contrast, the biomass of forage fish species, including age-1 pollock, herring (Clupea pallasii) and capelin (Mallotus villosus), decreased (Hunt et al., 2002). Concurrently, breeding populations of several species of seabirds and pinnipeds declined at the Pribilof Islands (Hunt et al., 2002). Populations of blacklegged kittiwakes (Rissa tridactyla), red-legged kittiwakes (Rissa brevirostris), common murres (Uria aalge) and thick-billed murres (Uria lomvia) declined by 35-50% between the mid 1970s and the late 1980s and thereafter remained relatively stable until the late 1990s (Hunt and Byrd,
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1999; Byrd et al., this volume). Production of young kittiwakes and murres also declined between the mid 1970s and early 1980s (Decker et al., 1995; Hunt et al., 1996). Several hypotheses were put forward to explain declines in abundance of murres and kittiwakes on the Pribilof Islands (Springer, 1992; Decker et al., 1995; Hunt et al., 1996). Most authors recognized the importance of age-0 and age-1 pollock, which comprised 50-60% of murre and kittiwake diets in the mid to late 1970s (Hunt et al., 1981a), and associated the decline in birds with the decline in forage fish availability (Decker et al., 1995; Hunt et al., 1996; Trites et al., 1999). In this paper we examine trends in abundance and distribution of 12 species of marine birds around the Pribilof Islands over the period from 1977 to 2004. We relate these changes in marine bird abundance and distribution to known and hypothesized changes in the distribution and abundance of prey in the vicinity of the Pribilof Islands. Earlier studies have addressed the possibility that changes in the numbers and productivity of piscivorous seabirds breeding on the islands were indicative of changes in the surrounding marine ecosystem (Springer, 1992; Decker et al., 1995; Hunt et al., 1996; Hunt and Byrd, 1999). However, for the most part, little information was available on the numbers, productivity, or diets of the planktivorous species breeding on the Pribilof Islands (Hickey and Craighead, 1977; Craighead and Oppenheim, 1985; Roby and Brink, 1986; Hunt et al., 1981a, 1996). Here, we provide time series on the distribution and abundance of marine birds at sea around the Pribilof Islands. Using the time series, we contrast patterns found in planktivorouses and piscivorouses species. We then relate these patterns to recent changes in the populations of seabirds breeding on the Pribilof Islands and to the structure of the marine ecosystem of the southeastern Bering Sea shelf.
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2. Methods We examined changes in the at-sea abundance and distribution of marine birds around the Pribilof Islands, southeastern Bering Sea, across four decades. We determined the relative abundance of marine birds in the late 1970s (1977 and 1978) by extracting counts from the North Pacific Pelagic Seabird Database (NPPSD) maintained by the U.S. Geological Survey, Alaska Science Center (http:// www.absc.usgs.gov/ research/ NPPSD/ index.htm). We determined marine bird relative abundance in the late 1980s (1987 and 1988), mid to late 1990s (1994 to 1998) and early 2000s (1999 and 2004) by binning counts from multiple shipboard surveys (Table 1). The majority of transect segments in the 1970s were 10-15 min in duration (approx. 3 – 4.5 km in length). In other decades, they were 3 km in length. Surveys were conducted during daylight hours while the ship was underway at approximately 19 km h-1. During surveys, an observer determined the species, abundance and behavior of birds occurring within a 90 degree arc from the bow out 300 m on the side of the ship where visibility was best (Tasker et al., 1984). In most years (1970s, 1980s, several cruises in the 1990s, and 1999 and 2004), a second individual recorded the observations on paper forms (1970s) or into a portable computer. Behavior categories were flying, sitting on the water, and feeding. For our analysis, we used data from birds feeding and sitting on the water because these birds were most likely to have been feeding or to have recently fed at the time of observation. Exceptions were aerial foragers, specifically, kittiwakes and storm-petrels, for which we also included flying birds. Counts of flying seabirds are relative measures that provide an index of ‘apparent bird density’ which is reasonable to compare across decades. We used Arc-GIS 9.1 (ESRI, Redlands, California) to exclude transect segments within 5 km of the islands to control for interannual differences in the distance from which transects started
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from shore. We also excluded transect segments outside a 110 km radius around the Pribilof Islands, as data were sparse beyond this limit. The study area comprised a shallow (
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cruise (month), binning method (transect segment area), and distribution around the islands (distance and orientation). Because marine birds at the Pribilof Islands increased in numbers from late spring to early summer, we tested whether month was more appropriate for analysis as a non-transformed (linear) or square transformed variable. We selected the transformation that resulted in the best fitted model, as expressed by the value and significance of the Likelihood Ratio Statistic. Once the main effect models were selected, we included interaction terms to separately test for decade-specific changes in foraging distance (distance × decade) and orientation (orientation × decade) with respect to the islands. We used the Likelihood Ratio Test to compare main effect and interaction term models. Where significant differences were detected, we used the Akaike Information Criterion (AIC) to select the most parsimonious model (Burnham and Anderson, 2002). We modified the main effect model by transforming the decade variable as appropriate to test whether changes in bird abundance followed a linear or non-linear trend among decades, and whether non-linear trends were symmetric (quadratic) or not (cubic). We used the Likelihood Ratio Test and AIC criteria to select the model that best described the interdecadal trend for each marine bird species. Finally, we used the models to predict the abundance of birds in each decade controlling for changes in timing of cruises, transect segment area surveyed and distribution around the islands (orientation and/or distance) (Figs 2 and 8). Hereafter, we separate birds according to their preferred prey on the Pribilof Islands during the breeding period (Hunt et al., 1981a). Black-legged kittiwakes, red-legged kittiwakes, common murres, thick-billed murres, tufted puffins (Fratercula cirrhata), and horned puffins (Fratercula corniculata) feed predominantly upon fish and are regarded as piscivorous species (Table 3). Although, walleye pollock, sandlance (Ammodytes hexapterus), and capelin are the main components of their diets (Hunt et al., 1981a), these birds may also consume varying
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amounts of invertebrates including large zooplankton and cephalopods (Hunt et al., 1981a; Schneider and Hunt, 1984; Sinclair et al., this volume). Parakeet auklets (Aethia psittacula), crested auklets (A. cristatella), least auklets (A. pusilla), fork-tailed storm petrels (Oceanodroma furcata), short-tailed shearwaters (Puffinus tenuirostris) and red phalaropes (Phalaropus fulicarius) consume zooplankton and are regarded as planktivorous (Table 3). These birds feed on large copepods and euphausiids, and may also consume varying amounts of larval fish (Hunt et al., 1981a; Roby and Brink, 1986; Hunt et al., 1996).
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3. Results Most seabirds occurred in higher densities in sampling regions near the islands (Regions 1-4) than in regions farther away (Regions 5-8) as indicated by negative binomial regression: (distance: -1.807 < β1 < 0.241, -20.23 < z , -7.63, p < 0.001). This result was not unexpected because many species, including kittiwakes, murres, puffins and auklets, utilize the Pribilof Islands for nesting habitat and are obliged to return to the islands on a regular basis. Exceptions to this pattern were short-tailed shearwaters, fork-tailed storm petrels and red phalaropes which do not breed on the Pribilof Islands. Short-tailed shearwaters did not show differences in abundance relative to distance from the islands and thus, distance was dropped from the model as insignificant. Fork-tailed storm petrels were consistently more abundant in sampling regions farthest from the islands (Regions 7-8: distance: β1 = 1.632 ± 0.073, z = 22.29, p < 0.001). Red phalaropes were more abundant closer to the islands (distance: β1 = -0.903 ± 0.170, z = -5.31, p < 0.001). 3.1 Piscivorous seabirds 3.1.1 Kittiwakes Densities of black-legged kittiwakes averaged 3.13 ± 0.69 birds km-2, while densities of redlegged kittiwakes averaged 2.44 ± 0.30 birds km-2 (t-test: t = 1.83, p = 0.118, df = 6). Both kittiwakes exhibited similar changes in abundance and distribution around the islands over time, even though their diets are substantially different (Table 3). The relative abundance of blacklegged kittiwakes showed a negative cubic trend with high densities in the 1970s, followed by a rapid decrease in the 1980s and low densities thereafter (decade: β1 = -23.704 ± 8.957, z = -2.65, p = 0.008, β2 = 2.670 ± 1.070, z = -2.50, p = 0.013; β3 = -0.100 ± 0.042, z = -2.37, p = 0.018; Fig. 2). Red-legged kittiwake relative abundance followed a positive quadratic trend with high
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densities in the 1970s, decreasing densities in the 1980s and 1990s, but increasing again in the 2000s (decade: β1 = -2.335 ± 0.635, z = -3.68, p < 0.001, β2 = 0.130 ± 0.037, z = 3.54, p < 0.001; Fig. 2). Black-legged kittiwakes and red-legged kittiwakes were both more abundant on the south side of the Pribilof Islands, near the shelf-break and outer domain, than they were on the north side (orientation: black-legged: β1 = 0.515 ± 0.044, z = -11.71, p < 0.001; red-legged: β1 = -2.088 ± 0.072, z = -28.89, P < 0.001; Figs 3 and 4). Only during the 2000s were red-legged kittiwakes equally abundant on both sides of the islands (orientation × 2000s: β1 = -0.179 ± 0.144, z = -1.24, p > 0.05; Fig. 4). In this period, use of the waters between the islands by redlegged kittiwakes was almost as important as the use of outer shelf and slope waters south of St. George Island. 3.1.2 Murres Overall, murres were the most abundant piscivorous birds at the study site, with densities averaging 7.10 ± 1.99 birds km-2. Mean densities of common murres and thick-billed murres were 1.83 ± 0.75 birds km-2 and 3.25 ± 1.52 birds km-2, respectively. Because murres were not identified to species during the 1970s, species-specific density estimates only take into account data from the 1980s to present. Since the 1980s, abundance of both common and thick-billed murres has declined (Fig. 2). Densities of all murres combined dropped from 7.18 birds km-2 in the 1970s to 4.52 birds km-2 in the 2000s. The relative abundance of common murres declined from 2.64 birds km-2 in the 1980s to 1.17 birds km-2 in the 2000s (decade: β1 = -0.430 ± 0.042, z = -10.20, p < 0.001; Fig. 2). Between the 1980s and 2000s, the relative abundance of thickbilled murres declined from 5 birds km-2 to about half their original density following a decelerating positive quadratic, with the steepest decline occurring between the 1980s and 1990s (β1 = -4.613 ± 1.346, z = -3.43, p = 0.001, β2 = 0.232 ± 0.075, z = 3.10, p = 0.002; Fig. 2). In
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general, common murres were more abundant on the north side of the Pribilof Islands, which is located in the middle domain, than they were on the south side, which includes the shelf break adjacent to the outer domain (orientation: β1 = 0.331 ± 0.071, z = 4.64 , p < 0.001; Fig. 5). In contrast, thick-billed murres were generally more abundant on the south side of the islands (orientation: β1 = -0.234 ± 0.058, z = -4.07, p < 0.001). Although both species of murre were usually more abundant in sampling regions near the islands than in regions farther away, our analysis suggests that birds occurred at greater distances from the islands during the 1990s (distance × 1990s: common: β1 = -0.035 ± 0.087, z = -0.40, p > 0.05; thick-billed: β1 = -0.094 ± 0.067, z = -1.41, p > 0.05; Fig. 5) than in other periods (distance × 1980s and 2000s: -1.256 < β1 < -0.634, -12.99 < z < -7.00, p < 0.001). 3.1.3 Puffins During the study period, densities of horned puffins averaged 0.22 ± 0.14 birds km-2, and densities of tufted puffins in the vicinity of the Pribilof Islands averaged 0.11 ± 0.08 birds km-2. Changes in horned puffin relative abundance followed a negative quadratic trend, with low densities in the 1970s that rapidly increased into the 1990s and decreased afterwards (decade: β1 = 10.158 ± 1.173, z = 8.66, p < 0.001, β2 = -0.571 ± 0.067, z = -8.53, p < 0.001; Fig. 2). Changes in tufted puffin relative abundance were best described by a negative cubic trend, with low densities in the 1970s and 1980s, a rapid increase during the 1990s and a decrease in the 2000s (decade: β1 = -84.876 ± 20.264, z = -4.19, p < 0.001, β2 = 10.378 ± 2.392, z = 4.34, p < 0.001; β3 = -0.417 ± 0.093, z = -4.46, p < 0.001; Fig. 2). Horned puffins distributed relatively evenly with respect to the north and south side of the islands, so orientation was dropped from the model as insignificant (Fig. 6). Tufted puffins were generally more abundant on the south side of the Pribilof Islands, in outer domain waters, than they were on the north side, a pattern
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that was particularly noticeable in the 1990s (orientation: β1 = -0.910 ± 0.127, z = -7.17, p < 0.001; Fig. 7). Both puffin species were consistently more abundant near the islands. However, our analyses suggest that a greater proportion of tufted puffins occurred farther from colonies during the 1990s (distance × 1990s: β1 = -0.018 ± 0.130, z = -0.13, p > 0.05; Fig. 7) than in other years (distance × decade, other years: -1.739 < β1 < -1.012, -8.26 < z < -3.67, p < 0.001). 3.2 Planktivorous seabirds 3.2.1 Small alcids Throughout the study period, densities of parakeet auklets were 0.19 ± 0.17 birds km-2, crested auklets were 0.10 ± 0.10 birds km-2 and least auklets were 0.60 ± 0.57 birds km-2. The relative abundance of parakeet auklets followed a positive cubic trend with low densities during the 1970s, a rapid increase during the 1980s and lower densities in subsequent decades (decade: β1 = 124.916 ± 23.600, z = 5.29, p < 0.001, β2 = -14.274 ± 2.819, z = -5.06, p < 0.001; β3 = 0.538 ± 0.111, z = 4.84, p < 0.001; Fig. 8). Crested auklets followed a negative cubic trend with low densities in the 1970s and 1980s, increasing densities during the 1990s, and decreasing densities afterwards (decade: β1 = -63.243 ± 31.128, z = 2.03, p = 0.042, β2 = 8.351 ± 3.678, z = 2.27, p = 0.023; β3 = -0.358 ± 0.144, z = -2.49, p = 0.013; Fig. 8). The relative abundance of least auklets described a negative quadratic with low densities during the 1970s, which increased during the 1980s and 1990s, and decreased afterwards (decade: β1 = 19.674 ± 1.314, z = 14.97, p < 0.001, β2 = -1.138 ± 0.075, z = -15.11, p < 0.001; Fig. 8). Because parakeet and crested auklets did not show a consistent preference for one side of the islands over the other, orientation was dropped from the model as insignificant (Figs 9 and 10). In contrast, least auklets exhibited preference for the north side of the islands over middle domain water (orientation: β1 = 0.626 ± 0.132, z = 4.73, P < 0.001; Fig. 11). Least auklets also were the only small auklet that occurred
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at greater distance from the colonies during the 1990s (distance × 1990s: β1 = -0.182 ± 0.126, z = -1.45, p > 0.05; Fig. 11) as compared with other years (distance × decade, other years: -2.566 < β1 < -1.671, -10.77 < z < -8.03, p < 0.001). 3.2.2 Other planktivorous seabirds Fork-tailed storm petrels occurred in densities of 2.01 ± 1.93 birds km-2 during the study period. The relative abundance of fork-tailed storm petrels showed a positive cubic trend with high densities in the 1980s and low densities in the 1970s, 1990s and 2000s (decade: β1 = 183.441 ± 18.489, z = 9.92, p < 0.001, β2 = -21.479 ± 2.210, z = -9.72, p < 0.001; β3 = 0.830 ± 0.087, z = 9.52, p < 0.001; Fig. 8). Fork-tailed storm petrels were consistently more abundant near the shelf break and outer domain south of the islands (orientation: β1 = -2.456 ± 0.087, z = 28.21, p < 0.001; Fig. 12). Only in the 1980s were fork-tailed storm petrels widespread over middle domain waters. Short-tailed shearwaters were the most abundant planktivorous seabird observed during the study. They occurred in densities of 3.55 ± 5.53 birds km-2. The relative abundance of foraging short-tailed shearwaters described a positive cubic trend, with high densities in the 1980s and low densities in the 1970s, 1990s, and 2000s (decade: β1 = 407.977 ± 31.767, z = 12.84, p < 0.001, β2 = -48.104 ± 3.773, z = -12.75, p < 0.001; β3 = 1.872 ± 0.148, z = 12.63, p < 0.001; Fig. 8). Densities of foraging short-tailed shearwaters were variable with respect to their orientation and distance relative to the islands. Shearwaters were more abundant on the south side of the islands, near the shelf break and outer domain, in the 1970s and 1990s (orientation × 1970s and 1990s: -2.140 < β1 < -1.867, -4.97 < z < -4.65, p < 0.001; Fig. 13), more abundant on the north side, over the middle domain, in the 1980s (orientation × 1980s: β1 = 1.288 ± 0.270, z = 4.75, p < 0.001), and relatively evenly distributed between the islands in the 2000s (orientation × 2000s:
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β1 = -0.061 ± 0.363, z = -0.17, p > 0.05). Foraging shearwaters were more abundant away from the islands in the 1970s (distance × 1970s: β1 = 1.185 ± 0.291 z = 4.07, p < 0.001; Fig. 13), showed no trend relative to distance to the islands in the 1980s and 1990s (orientation × 1980s and 1990s: -0.302 < β1 < 0.258, -1.12 < z < 1.40, p > 0.05), and were more abundant closer to the islands in the 2000s (distance × 2000s: β1 = -0.823 ± 0.299 z = 2.74, p = 0.006). Red phalaropes occurred in densities averaging 0.58 ± 0.99 birds km-2. They were similar to short-tailed shearwaters and fork-tailed storm petrels in that their relative abundance was best described by a positive cubic trend, with densities during the 1980s being orders of magnitude greater than in other years (decade: β1 = 458.742 ± 47.099, z = 9.74, p < 0.001, β2 = -53.103 ± 5.592, z = -9.50, p < 0.001; β3 = 2.032 ± 0.220, z = 9.25, p < 0.001; Fig. 8). Although they do not breed on the Pribilof Islands, red phalaropes were more abundant near the islands in most years except the 1980s, when birds were distributed farther away from the islands (distance × 1980s: β1 = 0.004 ± 0.264, z = 0.15, p > 0.05; Fig. 14).
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4. Discussion Our examination of distributions of 12 species of marine birds during the period 1978-2004 indicates decadal-scale changes in the abundance of seabirds over the study site as a whole. We focus on the distribution of foraging seabirds relative to the north and south sides of the Pribilof Islands, which correspond respectively to waters over the middle and outer domains of the Bering Sea. We feel that these distinct hydrographic regions are particularly relevant to understanding the relationship between the distribution and abundance of marine birds at sea, food web dynamics involving marine birds, and oceanographic parameters in the vicinity of the Pribilof Islands. The datasets included in this study represent the best information available on the pelagic abundance and distribution of marine birds near the Pribilof Islands. These data, taken using very similar methodologies over a period of 30+ years by members of the same research group, were originally obtained for a variety of projects, and therefore contain gaps in temporal and spatial coverage. These gaps limit our ability to draw detailed conclusions about the timing of changes in distribution and abundance and how seabirds might respond to changes in ocean currents or water masses. Likewise, because concurrent data on the distribution and abundance of prey in the vicinity of the Pribilof Islands are for the most part lacking, it is not possible to ascribe changes in the distribution of seabirds to small-scale or short-term changes in prey availability. To minimize variability due to intra-annual and spatial differences in oceanographic conditions, we have chosen data from the same season and with similar spatial coverage where possible. Data from 1987, 1988, 1999 and 2004 overlap almost completely in terms of temporal and spatial extent. In contrast, because of sparse spatial and temporal coverage, for the mid- to
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late-1990s, we incorporated data from a wider range of dates, although all observations were still within the “breeding” season from early June to mid-September. Thus, some of the patterns observed in the 1990s may reflect, in part, the wider period over which observations were obtained. In particular, cruises in late August and early September may have occurred after auklets and murres fledged their young. Thus, late in the season, distributions may have reflected better the potential foraging opportunities of auklets and murres than would be the case when breeding birds were constrained to return to their nests at frequent intervals. Additionally, numbers in September may have been augmented by the arrival of migrants, thereby compromising comparisons of abundance between the 1990s and other periods. Despite these constraints on the interpretation of our results, the available data provide a remarkable opportunity to detect and compare major temporal and spatial patterns in seabird abundance and distribution, and to stimulate hypotheses about some of the factors that control seabird populations around the islands. 4.1 Spatial patterns in abundance For the most part, species of marine birds were found to concentrate over the same water masses where they had been found when the region was first surveyed in the mid-1970s (Hunt et al., 1981b; Schneider and Hunt, 1984; Schneider et al., 1986). As documented for the 1970s, red-legged kittiwakes and thick-billed murres showed a preference for waters to the south (and west) of the islands, whereas common murres were prevalent over middle shelf waters to the north (and east). Interestingly, the analysis of Schneider and Hunt (1984) showed black-legged kittiwakes to prefer middle shelf waters, whereas the present study found that, overall, they were more abundant on the south sides of the islands. Other species preferring the outer domain waters to the south of the islands included short-tailed shearwaters (1970s and 1990s only), fork-
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tailed storm-petrels, and tufted puffins, while species preferring middle shelf waters to the north included least auklets and short-tailed shearwaters (1980s only). Several seabird species showed no preference in their foraging location relative to the islands. Short-tailed shearwaters (2000s only), red-legged kittiwakes (2000s only), horned puffins, parakeet auklets, and crested auklet densities did not indicate preferences for one side of the islands over the other. Inconsistencies in the apparent preferences of two species (short-tailed shearwater, red-legged kittiwake) suggest that the 2000s differed from previous years in the distribution of prey. Marine birds choose their foraging habitat based on the types and availability of prey present (Hunt et al., 1999). The outer domain and shelf slope regions of the Bering Sea are recognized as highly productive, with production continuing throughout the summer because of the rich supply of nutrients in the Bering Slope Current (Springer et al., 1996a; Sambrotto et al., this volume). The high numbers of marine birds that nest at the Pribilof Islands, in particular those species with affinities for “oceanic prey species,” may be the result of the proximity of the islands to this rich source of prey (Schneider and Hunt, 1984; Springer et al., 1996a,b). The distribution of planktivorous species may be influenced by advective processes that transport oceanic species of copepods from the outer shelf and shelf slope to the immediate vicinity of the islands. Water from the Bering Sea basin flows along the 100-m isobath and is entrained around the islands by tidal rectification (Kowalik and Stabeno, 1999; Stabeno et al., this volume). Additionally, outer shelf waters can be advected northward to the region between St. George and St. Paul Islands by flows coming up Pribilof Canyon (Stabeno et al., this volume). Least auklets can then forage for large oceanic Neocalanus copepods, typical of outer shelf and basin waters, entrained in this water rather than for smaller Calanus marshallae that are typical of middle domain waters (Cooney and Coyle, 1982; Hunt et al., 1996). We hypothesize
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that small auklets shift their distribution to the south when conditions favor increased availability of larger Neocalanus spp., though data to test this hypothesis are lacking. 4.2 Temporal patterns in abundance Piscivorous and planktivorous species of marine birds showed remarkably different patterns of abundance over time. Among piscivores, kittiwake and murre numbers combined were high in the 1970s and then declined through the 1980s, 1990s and 2000s (Fig. 15a). In contrast, among planktivores, small alcids combined (parakeet, crested and least) showed a fourfold increase from the 1970s to the 1980s and 1990s and a rapid decline in the 2000s to numbers similar to those present during the 1970s (Fig. 15c). For seabirds of both foraging types, the surveys of 1999 and 2004 recorded some of the lowest numbers seen, although individual species, such as red-legged kittiwakes, did register increases at the end of the study period. These contrasting population trends between piscivorous and planktivorous species suggest major changes in energy pathways to Bering Sea marine birds over the last four decades. At the breeding colonies on the Pribilof Islands, densities of piscivorous seabirds declined between the late 1970s or early 1980s, the exact timing of which is unknown, as annual surveys did not start until 1985 (Hunt and Byrd, 1999). Since 1995, populations of kittiwakes and murres on St. George Island have largely rebounded to mid-1970s levels, but not on St. Paul Island, where their numbers continue to decline (Byrd et al., this volume). These patterns differ from those seen at sea around the islands (Fig. 15). For example, the marked decrease in piscivores observed between the 1970s and the 1980s on the islands was not reflected in a marked decline in numbers at sea during the same period. Likewise, the increase in kittiwakes and murres at St. George Island breeding sites (Byrd et al., this volume) is not readily apparent in the at-sea surveys reported here. It is of interest to compare population trends of planktivores on
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the Pribilof Islands with the results of the at-sea surveys because shifts in the distribution patterns of plankitoves were dramatic and included responses of both breeding and non-resident species. However, we lack time series of planktivore abundance on these islands. Limited colony data suggest that population trends mirrored population shifts at sea. Craighead and Openheim (1985) suggested that least auklet abundance increased between surveys conducted in 1975/1976 and those conducted in the early 1980s, indicating possible parallel increases in the breeding populations of this planktivore that would correspond with the increases observed at sea. Concurrent with declines in piscivorous seabirds were declines in the biomass of forage fish in the southeastern Bering Sea. These declines have been hypothesized to be responsible for the diminishing population of piscivorous seabirds at the Pribilof Islands (Decker et al., 1995; Springer, 1998; Hunt and Byrd, 1999). On the Pribilof Islands, juvenile walleye pollock were the most important prey items in the diets of piscivorous seabirds in the mid- to late-1970s (Hunt et al., 1981a; Springer, 1992; Decker et al., 1995; Hunt et al., 1996). The shelf-wide abundance of juvenile pollock underwent a significant decline during the 1980s (Brodeur et al., 1999b; Hunt et al., 2002), with age-0 and age-1 pollock decreasing by about 70% (Springer, 1992) (Fig. 15c and d). The 1986, 1987 and 1989 year classes of pollock were the lowest seen during the study period (NPFMC, 2000). The decline in juvenile pollock was noticeable within 100 km of the Pribilof Islands (Hunt et al., 1996; Vlietstra, 2003), and declines in juvenile pollock of as much as 95% were reported in some areas (Springer, 1992; Sinclair et al., 1996; Brodeur et al., 1999b). The biomass of other forage fish including herring and capelin decreased as well during this period (Hunt et al., 1996; Hunt et al., 2002). The increased distance at which murres foraged around the Pribilofs in the 1990s is difficult to interpret. It may have reflected poor forage fish



20



availability near the islands, as a shift toward foraging at greater distances has been found previously when prey were scarce (Kitaysky et al., 2000). Alternatively, because of the difference in the timing of some of the surveys in the 1990s, the shift could be an artifact of the season when the data were obtained. Declines in murre and kittiwake abundance also coincided with an increase in the biomass of adult walleye pollock (Fig. 15a). Adult walleye pollock represented 70% of the total biomass of groundfish in the eastern Bering Sea in the late 1980s (Springer, 1992), a result of the exceptionally strong year classes in 1978 and in the early 1980s (Springer, 1992; Hunt et al., 2002). Because adult walleye pollock cannibalize age-0 and age-1 pollock (Laevastu and Favorite, 1988; Livingston and Lang, 1996), they have been hypothesized to have reduced foraging opportunities for piscivorous seabirds on the Pribilof Islands (Straty and Haight, 1979; Springer, 1992; Decker et al., 1995; Hunt et al., 2002). The strongest evidence for this is the marked negative relationship between the productivity of black-legged kittiwakes in the Pribilof Islands and the biomass of adult pollock on the eastern shelf (Hunt and Stabeno, 2002), though whether the age-1 pollock were unavailable to the seabirds because they had been eaten by the adult fish or their vertical distribution shifted (Sogard and Olla, 1993) is unknown. However, this top-down scenario fits well with declines in forage fish predicted to occur because of increased predation by large predatory fish (Springer, 1992; Hunt et al., 2002). Additionally, warming sea temperatures may have resulted in the northward movement of capelin stocks, further reducing the prey available to piscivores at the Pribilof Islands (Hunt et al., 1996; Hunt et al., 2002). Warming bottom temperatures (Stabeno et al., 2001) may have also affected the vertical distribution of age-1 pollock, and hence their availability to seabirds. In laboratory conditions, juvenile walleye pollock avoid cold water (
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are especially cold in the Bering Sea, such as during a cold regime, juvenile walleye pollock may concentrate in the upper water column (Olla and Davis, 1990; Sogard and Olla, 1993), where they are vulnerable to seabird predators. Declines in the biomass of adult pollock in the late 1990s may have aided the increase in piscivores seen at St. George Island in the late 1990s and early 2000s (Byrd et al., this volume) by releasing predation pressure on forage species. The at-sea abundance of planktivorous seabirds increased during the 1980s, contrasting with the decline in piscivorous seabirds. Abundances of least, crested and parakeet auklets, forktailed storm-petrels, short-tailed shearwaters and red phalaropes were noticeably higher during the 1980s and 1990s than during the 1970s (Fig. 15c). In 1999 and 2004, the abundance of planktivorous seabirds around the Pribilof Islands declined to levels observed in the 1970s. The dramatic increase in planktivores in 1987-1988 was driven primarily by changes in abundance of short-tailed shearwaters, fork-tailed storm-petrels and red phalaropes, none of which breed at the Pribilof Islands. We also observed high numbers of shearwaters in 1989 (Hunt et al., 1996), as abundance of baleen whales near the Pribilof Islands in the late 1980s was significantly higher than in years prior (Baretta and Hunt, 1994; G.L. Hunt, personal observations). During the late 1980s, shearwaters and thick-billed murres were observed foraging on large aggregations of euphausiids, some of which were also attended by whales (Coyle et al., 1992; Baretta and Hunt, 1994; Hunt et al., 1996). These observations support the hypothesis that in the period 1987/1989 and possibly through 1998, planktonic prey must have been far more available to seabirds foraging near the Pribilof Islands than in either 1977/1978 or 1999/2004. The increase in planktivorous seabirds around the Pribilof Islands between 1977/1978 and 1987/1989 coincided with the decline in the abundance of forage fishes noted above (Fig. 15c, d). A reduction in age-0 and age-1 pollock, which consume nearly 80% of the copepods in the
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shelf break and slope region of the Bering Sea before the onset of the seabird breeding season (Smith and Vidal, 1984; Springer and Roseneau, 1985), would result in increased availability of copepods and other zooplankton to planktivorous seabirds. Additionally, the late 1980s were a period of warm, relatively ice-free winters, when the cold pool over the southern middle shelf was reduced in size (Stabeno et al., 2001), allowing adult pollock, whose diets are as much as 75% zooplankton (Livingston, 1989; Witherell, 2000; Aydin et al., 2002), to spread onto the shelf, thus likely reducing their density and pressure on prey in the vicinity of the shelf break. These hypothesized reductions in top-down control of zooplankton stocks could have resulted in an increased abundance of zooplankton, in particular euphausiids, a major prey of age-1 and adult pollock near the Pribilof Islands (Grover, 1991; Yamamura et al., 2002). Unfortunately, we lack a time series of zooplankton biomass in the area necessary to demonstrate an increase in euphausiid stocks between the 1970s and 1980s. The decline in the at-sea abundance of planktivorous seabirds in the 1990s coincided with a ten-fold increase in abundance of gelatinous zooplankton in the southeastern Bering Sea between the early and late 1990s (Brodeur et al., 1999a; Brodeur et al., 2002), although jellyfish biomass has recently fallen to the early 1990s levels (Brodeur et al., in review). Jellyfish consume zooplankton and represent an alternate fate for secondary production that could otherwise sustain seabirds. Ocean climate conditions have been shown to have different effects on planktivorous and piscivorous seabirds. In the Sea of Okhotsk, planktivorous auklets showed higher reproductive success than piscivorous puffins during cold years, while puffins were more successful than auklets during warm years (Kitaysky and Golubova, 2000). The macro-zooplankton prey of the auklets was more abundant during cold years, whereas the forage fish consumed by the puffins depended on meso-zooplankton which was abundant during warm years (Kitaysky and
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Golubova, 2000). In the Bering Sea, Kitaysky and co-workers have evidence of opposite trends in the levels of circulating stress hormones (corticosterone, CORT) in planktivorous and piscivorous seabirds, which they interpret as showing opposite trends in the availability of the prey groups on which these birds depend (A.S. Kitaysky, pers. com.). For example, planktivorous auklets nesting at the Pribilof Islands had high CORT levels during 2003 and low CORT levels early, but not late in the breeding season in 2004 (Benowitz-Fredericks et al., this volume). By contrast, they found that piscivorous murres had low CORT levels in 2003 and high CORT levels in 2004. These differences in stress hormone responses suggested better prey conditions for planktivorous seabirds during early, but not late 2004 and better foraging conditions for piscivorous seabirds throughout the 2003 breeding season. Although the mechanism(s) responsible for the apparent changes in prey remain to be explained, these results suggest that prey availability at the Pribilof Islands can vary over short periods of time and may result from episodic events such as short-term advection of slope water to the region between the islands (Stabeno et al., this volume). Climatic forcing could induce changes in prey availability at multiple trophic levels and could result in opposing responses of planktivorous and piscivorous seabirds. In the Bering Sea, the Oscillating Control Hypothesis (OCH) predicts that meso-zooplankton would be more available during years with early ice retreat (warm years) and thus would result in increased abundance of zooplanktivorous forage fish, which are the preferred prey for murres and other piscivorous predators (Hunt et al., 2002). The OCH, however, does not predict increased abundance of large copepods during late-ice years; on the contrary, the OCH predicts low zooplankton production with detrimental effects for all trophic levels at these times (Hunt et al., 2002).



24



According to the OCH, several consecutive ‘warm years’ could lead to increased abundance of large predatory fish and could result in a reduction of forage fish biomass through top-down control (Hunt et al., 2002). Consumption of forage fish by adult walleye pollock could result in increased zooplankton abundance and enhanced reproductive performance of planktivorous seabirds (Springer, 1992), depending on where the adult pollock were concentrated and, thus, their potential for competition with planktivorous birds. We hypothesize that this may have occurred in the vicinity of the Pribilof Islands, where declines in forage fish and movements of adult pollock away from the Pribilofs in the 1980s may have made available large amounts of zooplankton to planktivorous seabirds. The predictions of the OCH refer specifically to small shelf species of copepods (Acartia and Pseudocalanus), which are not important in diets of planktivorous seabirds. The large-bodied copepods Neocalanus cristatus, N. plumchrus are generally restricted to the outer shelf and oceanic domains of the Bering Sea (Cooney, 1981; Smith and Vidal, 1984) and, as far as we know, are not influenced by the timing of ice retreat over the middle shelf. The moderately large copepod Calanus marshallae is variably an important component of seabird diets at the Pribilof Islands. C. marshallae recently has been shown to require an early bloom associated with late ice retreat if it is to recruit successfully to the copepodite stage (Baier and Napp, 2003), although data in Coyle and Pinchuk (2002) indicate that it may be scarce in cold springs (e.g., 1999). Additional field work is required in order to determine how the timing of ice retreat affects the abundance of C. marshallae later in the year, e.g., during summer when planktivorous seabirds are abundant in the Bering Sea. . To summarize, we have shown that the at-sea abundance of piscivorous seabirds around the Pribilof Islands decreased after the 1970s. The numbers of kittiwakes and murres at sea have not
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recovered, though there is evidence that their populations on St. George Island may be beginning to increase (Byrd et al., this volume). The declines in piscivorous seabirds at sea around the Pribilofs coincided with declines in the abundance of forage fish, such as age-1 pollock and capelin, near the Pribilofs, as indicated by seabird diets and trawl surveys (Sinclair et al., this volume). Reasons for the forage fish declines are not known with certainty, but declines may resulted from predation by adult pollock (for age-1 pollock), or a combination of predation and warming bottom temperatures (for capelin). Neither capelin nor age-1 pollock have returned to levels observed in the Pribilof region in the 1970s. It is likely that the absence of these key prey species has hampered the rebuilding of the populations of piscivorous seabirds. The abundance of planktivorous seabirds in the vicinity of the Pribilofs increased between the 1970s and the 1980s and then declined. Our results suggest that macro-zooplankton abundance was high in the late 1980s and then subsequently declined. Little zooplankton was present in the 2004 surveys (Coyle et al., this volume). The causes of the increase in zooplankton biomass and its subsequent decline are not known. However, this increase occurred in a period when predation on plankton by forage fish, and most likely by adult pollock, would have been minimal. In the 1990s, populations of planktivorous seabirds declined coincident with an abrupt increase in jellyfish and adult pollock, suggesting that these competitors were now limiting the availability of zooplankton to the seabirds. Changes in the distribution and abundance of seabirds and their prey coincided with the regime shifts of 1976/1977, 1989 and 1998. It is tempting to ascribe the biological shifts in the system to climate forcing acting through changes in the timing of ice retreat or changes in the distribution of cold bottom temperatures on the shelf. However, the lack of adequate time series of seabirds around the Pribilofs and zooplankton on the shelf makes this difficult to demonstrate.
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Table 1. List of shipboard surveys from NOAA Ship Surveyor (NSS), R/V Alpha Helix (HX) and Fisheries-Oceanography Coordinated Investigations (FOCI) cruises included in this study.



Decade Cruise



Start date



1970



NSS



7/06/1977 7/10/1977



NSS



7/31/1977 8/04/1977



NSS



6/07/1978 6/09/1978



NSS



6/24/1978 6/27/1978



NSS



8/08/1978 8/14/1978



HX-102



7/26/1987 8/17/1987



HX-116



7/28/1988 8/20/1988



1980



1990



End date



FOCI-94 9/03/1994 9/15/1994 FOCI-95 9/10/1995 9/15/1995 FOCI-96 9/05/1996 9/15/1996 HX-196



6/22/1997 6/23/1997



FOCI-97 7/05/1997 7/12/1997 HX-200



8/28/1997 9/06/1997



FOCI-97 9/10/1997 9/15/1997 HX-209



6/17/1998



HX-213



8/29/1998 8/30/1998



FOCI-98 9/09/1998 9/14/1998 2000



HX-220



6/08/1999 6/09/1999



HX-222



8/15/1999 8/17/1999



FOCI-99 9/06/1999 9/15/1999 HX-288



7/28/2004 8/17/2004



37



Table 2. Survey effort (km-2) by region and decade.



Regions



1970



1980



1990



2000



1



49.4



76.5



115.5



72.3



2



27.5



78.5



39.6



17.4



3



27.7



68.8



43.4



41.2



4



52.9



146.3



51.9



46.0



5



230.5



346.6



272.5



313.0



6



174.2



504.9



159.8



182.4



7



181.7



79.3



273.1



51.0



8



231.8



109.3



90.9



99.5



Total



975.8 1,410.3 1,046.8 822.9
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Table 3. List of species used in this study, with classification as to diet (planktivore or piscivore) and types of behaviors (feeding, on water, flying) observed in birds included in the analyses.



Species



Latin name



Fish



Plankton Reference



(%)



(%)



Classification



Behaviors included



Red-legged Kittiwake



Rissa brevirostris



96



1



Hunt et al., 1981a



Piscivore



Feeding, on water, flying



Common Murre



Uria aalge



95



4



Hunt et al., 1981a



Piscivore



Feeding, on water



Black-legged Kittiwake



Rissa tridactyla



89



7



Hunt et al., 1981a



Piscivore



Feeding, on water, flying



Tufted Puffin



Fratercula cirrhata



81



3



Hunt et al., 1981a



Piscivore



Feeding, on water



Horned puffin



Fratercula corniculata



80



11



Hunt et al., 1981a



Piscivore



Feeding, on water



Thick-billed Murre



Uria lomvia



76



18



Hunt et al., 1981a



Piscivore



Feeding, on water



Fork-tailed Storm-petrel



Oceanodroma furcata



35



65



Boersma and Silva, 2001



Planktivore



Feeding, on water



Parakeet Auklet



Aethia psittacula



27



49



Hunt et al., 1981a



Planktivore



Feeding, on water



Short-tailed Shearwater



Puffinus tenuirostris



13



87



Hunt et al., 1981a



Planktivore



Feeding, on water



Least Auklet



Aethia pusilla



1



93



Hunt et al., 1981a



Planktivore



Feeding, on water



Crested Auklet



Aethia cristatella



1



98



Hunt et al., 1981a



Planktivore



Feeding, on water



Red Phalarope



Phalaropus fulicarius



0



100



Tracy et al., 2002



Planktivore



Feeding, on water
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Figure captions



Figure 1. Map of the Pribilof Islands showing concentric regions at distances of 5-20, 20-60 and 60-110 km. Regions were roughly divided into a shallow (


Figure 2. Estimated abundance of piscivorous marine birds.



Figure 3. Distribution of black-legged kittiwakes (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 4. Distribution of red-legged kittiwakes (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 5. Distribution of common and thick-billed murres (birds km-2) in the vicinity of the Pribilof Islands during a) 1987-1988, b) 1994-1998, and c) 1999-2004.



Figure 6. Distribution of horned puffins (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 7. Distribution of tufted puffins (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.
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Figure 8. Estimated abundance of planktivorous marine birds.



Figure 9. Distribution of parakeet auklets (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 10. Distribution of crested auklets (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 11. Distribution of least auklets (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 12. Distribution of fork-tailed storm-petrels (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 13. Distribution of short-tailed shearwaters (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 14. Distribution of red phalaropes (birds km-2) in the vicinity of the Pribilof Islands during a) 1977-1978, b) 1987-1988, c) 1994-1998, and d) 1999-2004.



Figure 15. Comparison of trends in abundance of piscivorous and planktivorous marine birds (closed symbols) relative to the abundance of walleye pollock age-3+ biomass (top, ×103 t) and age-1 recruits (bottom, ×109 fish) (open symbols). Walleye pollock data were reproduced from
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Ianelli et al. (2006). Decade-scale data on fish correspond to mean values of pollock age-3+ biomass and age-1 recruits for 1970 (1977 and 1978), 1980s (1987 and 1988), mid to late 1990s (1994 to 1998) and early 2000s (1999 and 2004).



42



ALASKA



Bering Sea 0 10



Study site



m



2 200 m 1600 m



Figure 1. Study site



8



1 5 6 4



7 3



350



Estimated bird abundance (x 1000)



300



Black-legged kittiwake



250



Common murre



25



200



20



200



150



15



150



100



10



50



5



Horned puffin



250



100 50 0 1975



250



1985



1995



2005



Red-legged kittiwake



0 1975



350



1985



1995



2005



Thick-billed murre



300



200



0 1975



15



1985



1995



2005



Tufted puffin



12



250 150



200



9



100



150



6



100 50 0 1975



Figure 2. Piscivorous



3



50 1985



1995



2005



0 1975



1985



1995



2005



0 1975



1985



1995



2005



Figure 3. BLKI



a



b



c



d



Figure 4. RLKI



a



b



c



d



Common Murre



Figure 5. Common and thick-billed murres



b



a



c



b



a



Thick-billed Murre



c



Figure 6. HOPU



a



b



c



d



Figure 7. TUPU



a



b



c



d



30



Parakeet auklet



15



Estimated bird abundance (x 1000)



25



80



Crested auklet



12



20



Least auklet



60



9



15



40 6



10



20



5



3



0 1975



0 1975



300 250



1985



1995



2005



Fork-tailed Storm-petrel



800



1985



1995



2005



Short-tailed shearwater



150



200



1995



2005



Red phalarope



90



150



400 60



100 200



30



50



Figure 8. Planktivorous



1985



120



600



0 1975



0 1975



1985



1995



2005



0 1975



1985



1995



2005



0 1975



1985



1995



2005



Figure 9. PAAU



a



b



c



d



Figure 10. CRAU



a



b



c



d



Figure 11. LEAU



a



b



c



d



Figure 12. FTSP



a



b



c



d



Figure 13. STSH



a



b



c



d



Figure 14. REPH



a



b



c



d



Kittiwake + Murre



600 400



a



200 0 1975



1985



1995



12 9 6



b 1985



1995



3 0 2005



Storm-petrel + Shearwater



Small alcids 100



15



25 1,000



25



80



20



800



20



60



15



600



15



40



10



400



10



5



200



c



20 0 1975



1985



Figure 15. Piscivorous vs Planktivorous



1995



0 2005



0 1975



d 1985



1995



5 0 2005



Pollock 1 (Kg ha-1)



Estimated bird abundance (x 1000)



800



15 35 30 12 25 9 20 6 15 10 3 5 0 0 1975 2005



Pollock 3+ (Kg ha-1)



1,000



Puffin



























[image: Marine subsidies alter the diet and abundance of ...]
Marine subsidies alter the diet and abundance of ...












[image: Bird species richness composition and abundance in pastures are ...]
Bird species richness composition and abundance in pastures are ...












[image: The Shark Reef Marine Reserve: a marine tourism ...]
The Shark Reef Marine Reserve: a marine tourism ...












[image: Sermon: The Abundance of the Heart 1 CJC ... -]
Sermon: The Abundance of the Heart 1 CJC ... -












[image: Mocking bird is_safe:1]
Mocking bird is_safe:1












[image: blue bird (1).pdf]
blue bird (1).pdf












[image: in the Canary Islands - CiteSeerX]
in the Canary Islands - CiteSeerX












[image: Noticing the Abundance -]
Noticing the Abundance -












[image: 1 Business Cycles around the Globe Magyar Nemzeti ...]
1 Business Cycles around the Globe Magyar Nemzeti ...












[image: Getting Around the City]
Getting Around the City












[image: Getting Around the City]
Getting Around the City












[image: the marine 3 is_safe:1.pdf]
the marine 3 is_safe:1.pdf












[image: around & around & around by roy starkey]
around & around & around by roy starkey












[image: The Islands of Enlightenment.pdf]
The Islands of Enlightenment.pdf












[image: in the Canary Islands]
in the Canary Islands












[image: 1499339933238-quot-1-corny-invest-club-quot-abundance-builders ...]
1499339933238-quot-1-corny-invest-club-quot-abundance-builders ...












[image: larry bird a basketball legend.pdf]
larry bird a basketball legend.pdf












[image: Simulation of a Robotic Bird]
Simulation of a Robotic Bird












[image: Around the globe]
Around the globe















1 Marine bird abundance around the Pribilof Islands: A ...






We suggest that changes in pathways of energy flow may be responsible ...... Marine Ecology Progress Series 233 89-103. ... Hickey, J.J., Craighead, F.L., 1977. 






 Download PDF 



















 2MB Sizes
 0 Downloads
 130 Views








 Report























Recommend Documents







[image: alt]





Marine subsidies alter the diet and abundance of ... 

We analyzed eight years of survey data on all ... For example, while the Gulf of California ..... University (Department of Biology, Graduate College, Boritski.














[image: alt]





Bird species richness composition and abundance in pastures are ... 

Bird species richness composition and abundance in past ... and distance from natural habitats a single tree in.pdf. Bird species richness composition and abundance in pastu ... and distance from natural habitats a single tree in.pdf. Open. Extract. 














[image: alt]





The Shark Reef Marine Reserve: a marine tourism ... 

small reef patch and its fauna while preserving the livelihood of local ... It involves the local communities by using a participatory business planning approach ... 2005; Lester & Halpern, 2008; Mora et al., 2006; Palumbi, 2004; Sale et ..... touris














[image: alt]





Sermon: The Abundance of the Heart 1 CJC ... - 

Jul 13, 2013 - This gesture was well appreciated by those who worked with him and ... work, having picked up the maximum his car could carry, Travel made.














[image: alt]





Mocking bird is_safe:1 

Popcap games venice.64449086106 - Download Mocking bird is_safe:1.Agood day to die hard 5.1.Retreived March ... Art of pdf.Brother with her sister.Mocking bird is_safe:1.319339897420.A-TRAK WEALL FALLDOWN (REMIXES).George kollias intense. metal drumm














[image: alt]





blue bird (1).pdf 

A11. F1. A8. B5. A10 A6. B6 B4. A9. A7. B7. B8. B9. D1. D2. C5. E7. C9. C10. C2. C3. C4. I1. I2. I3. I5 I4. I6. I7. I8. I9. H4. H6. H3. H7. H8. H2 H1. H5. A12. A14 A13. 29efa7cae5209395ac00aa4dad1be84a (at true size). Page 3 of 3. blue bird (1).pdf. 














[image: alt]





in the Canary Islands - CiteSeerX 

This colonisation hypothesis was tested and the population structure between and within the islands studied using mitochondrial DNA sequences of the non-coding and relatively fast evolving control region. Our results suggest that one of the central i














[image: alt]





Noticing the Abundance - 

were grateful to be alive, to have food on their table, to enjoy the sun on a beautiful day, to have their health ... daughter is here... sometimes you get lucky." Wow!














[image: alt]





1 Business Cycles around the Globe Magyar Nemzeti ... 

summaries the small open economy real business cycle model. Section 4 discusses .... Figures 1-5 show the distribution of cyclical data moments. The first two ...














[image: alt]





Getting Around the City 

Getting Around the City. Written by Kira Freed â€¢ Illustrated by Fred Volke ... I go to my friend's house. I go on my skateboard. My sister goes to school. She goes ...














[image: alt]





Getting Around the City 

My sister goes to school. She goes on a bike. 4. Getting Around the City â€¢ Level D. 3. Page 4. My mom goes to work. She goes in a car. My dad goes to work.














[image: alt]





the marine 3 is_safe:1.pdf 

Page 3 of 3. the marine 3 is_safe:1.pdf. the marine 3 is_safe:1.pdf. Open. Extract. Open with. Sign In. Main menu. Displaying the marine 3 is_safe:1.pdf.














[image: alt]





around & around & around by roy starkey 

Mar 19, 2015 - By Erling Vikanes. An extraordinary tale of a extraordinary life of an extraordinary person. Roy Starkey shows us that nothing is impossible for the one who dares. I wish that this book will be an inspiration for todays younger generat














[image: alt]





The Islands of Enlightenment.pdf 

in the Prairie Style Architecture of Frank. Lloyd Wright's Darwin Martin House. Students will learn about design principles. and then put them to use with their own.














[image: alt]





in the Canary Islands 

Africa, Asia, and even Australia (Juan et al., 2000). Alto- gether five extant .... A part of the mitochon- drial control region (first and partly the second domain, ..... names should be reserved for the major subdivisions of the gene pool diversity














[image: alt]





1499339933238-quot-1-corny-invest-club-quot-abundance-builders ... 

... the apps below to open or edit this item. 1499339933238-quot-1-corny-invest-club-quot-abunda ... rs-club-monthly-commission-frequent-commission.pdf.














[image: alt]





larry bird a basketball legend.pdf 

Hoosier basketball legends on pinterest basketball, indiana and. Happy birthday larry bird! the legend 39 s top 5 nba highlights. uproxx. Larry bird on pinterest ...














[image: alt]





Simulation of a Robotic Bird 

and Terry Dial et al. 2006). Everything about a bird is made for flight. In order to simulate and implement a robotic bird we would need to consider every single ...














[image: alt]





Around the globe 

Netmonitor foremployee.Fermo postatinto brass. (1995).Webcammodelamazing. ... White wolf pdf.Star wars The PhantomMenace x265.Around the globe.


























×
Report 1 Marine bird abundance around the Pribilof Islands: A ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















