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Abstract. Icebergs and floating glacier ice found in proglacial fjords serve as important habitat for pinnipeds in polar and
subpolar regions. Environmental forcings can drive dramatic changes in the overall reduction of ice coverage across fjords in
the circumpolar regions, with implications for pinnipeds that use ice for critical life-history functions including pupping and
molting. To better understand how pinnipeds respond to changes in iceberg habitat, we combine (i) iceberg velocity fields
over hourly to monthly timescales, derived from high-rate time-lapse photogrammetry of Johns Hopkins Glacier and Inlet,
Alaska, with (ii) aerial photographic surveys of harbor seals (Phoca vitulina richardii) conducted during the pupping (June)
and molting (August) seasons. Iceberg velocities typically followed a similar diurnal pattern: flow was weak and variable in
the morning and strong and unidirectional in the afternoon. The velocity fields tended to be highly variable in the inner fjord,
across a range of timescales, due to changes in the strength and location of the subglacial outflow, whereas in the outer fjord the
flow was more uniform and eddies consistently formed in the same locations. During the pupping season, seals were generally
more dispersed across the slow moving portions of the fjord (with iceberg speeds <0.2 m s—1). In contrast, during the molting
season the seals were increasingly likely to be found on fast moving icebergs in or adjacent to the glacier outflow plume. Use
of slow moving icebergs during the pupping season likely provides a more stable ice platform for nursing, caring for young,
and avoiding predators. Periods of strong glacier runoff and/or katabatic winds may result in more dynamic and less stable ice

habitat, with implications for seal behavior and distribution within the fjord.
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1 Introduction

Ice, including sea ice and icebergs, provides important habitat for marine mammals in subpolar and polar regions (Kelly, 2001;
Laidre et al., 2015). For pinnipeds, ice provides a substrate for pupping, nursing young, avoiding predators, and reducing the
likelihood of disease transmission (Fay, 1974). Given the overall reduction of ice coverage in the circumpolar regions and the

reliance of pinnipeds on ice habitat (e.g, Fay, 1974; Kelly, 2001; Laidre et al., 2015; Gulland et al., 2022), an understanding of
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ice dynamics and variability across multiple spatial and temporal scales is essential for projecting how changes in climate may
influence the distribution, abundance, behavior, and energy expenditure of pinnipeds within fjord regions.

In Alaska, tidewater glaciers produce icebergs that are used by harbor seals (Phoca vitulina richardii), the most widely
distributed pinniped in the northern hemisphere. Icebergs in tidewater glacier fjords serve an important ecological function by
providing a stable and extensive platform for critical life-history functions including birthing and caring for newborn pups,
molting, and predator avoidance. Icebergs and ice habitat may provide benefits over terrestrial habitats, by providing a stable
platform for nursing young that is not subject to tidal fluctuations and by reducing the risk of predation (Blundell et al., 2011).
Although the availability of icebergs in fjords is dynamic, harbor seals exhibit high fidelity to tidewater glacier fjords during
the pupping and molting seasons (Womble and Gende, 2013), representing some of the largest seasonal aggregations of harbor
seals in the world (Jansen et al., 2015).

In Southeast Alaska, within the ancestral lands of the Tlingit people, Sit’ Eeti Geeyi (or what is currently known as and
hereafter referred to as Glacier Bay), harbor seals are monitored to assess their abundance and distribution. Aerial surveys
are conducted 68 times per year during the pupping (June) and molting (August) seasons (Womble et al., 2020, 2021). The
surveys also provide important information regarding the ice habitat used by seals (McNabb et al., 2016; Womble et al., 2021;
Kaluzienski et al., 2023); however, the aerial photographic methods were designed to estimate the abundance of seals over
broad temporal and spatial scales (Ver Hoef and Jansen, 2015). While it is well-documented that tidewater glacier fjords
provide important habitat for harbor seals, we lack an understanding of the physical processes and environmental factors that
influence the fine-scale variability of iceberg habitat in the fjord and how this variability influences the distribution and behavior
of seals.

Recent advances in camera and computer technologies have enabled the development of tools for tracking fine-scale spatial
and temporal variability in iceberg habitat in tidewater glacier fjords with time-lapse photography (Kienholz et al., 2019) over
time periods of minutes to years. Here, we use the methods of Kienholz et al. (2019) in order to characterize iceberg velocity
fields during summer in Tsalxaan Niyaadé Wool’éex’i Yé (or what is currently known as and hereafter referred to as Johns
Hopkins Inlet), which is located in the northwest corner of Glacier Bay (Fig. 1), and relate the velocity fields to the abundance

and distribution of seals within the fjord.

2 Study area and methods

Johns Hopkins Inlet (Fig. 1) is a tidewater glacier fjord in Glacier Bay National Park and Preserve in southeastern Alaska.
We focus on the portion of the fjord that extends from Johns Hopkins Glacier to Jaw Point, which is about 9 km long and
1.5-2 km wide. Johns Hopkins Glacier, the primary tidewater glacier feeding into the fjord, reached a minimum extent in the
1920s following the disintegration of the Glacier Bay Icefield (Hall et al., 1995); it has since advanced 2 km and thickened
by over 100 m in its lower reaches (Larsen et al., 2007; McNabb and Hock, 2014). In recent years shoaling of the glacier’s
end moraine has reduced the iceberg flux into the fjord, thereby reducing ice habitat for seals (Kaluzienski et al., 2023). Johns

Hopkins Inlet is also fed by Gilman Glacier, whose terminus coalesces with that of Johns Hopkins Glacier. Gilman Glacier is
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Figure 1. Map of the study site showing (a) Johns Hopkins Inlet and Glacier Bay and their location within (b) Alaska and (c) Glacier Bay
National Park and Preserve. In (a), small white boxes indicate image footprints from an aerial survey flown on 29 July 2019 and colored
lines denote each time-lapse camera’s field of view. In (c), green star indicates Tarr Inlet tidal station and yellow and blue triangles indicate
Queen Inlet and Lone Island weather stations, respectively. (d) Example photos from camera 1 taken in 2019. The background image in (a) is

a Sentinel-2 image from 2023 with Alaska Albers Projection (EPSG:3338). (e) Terminus positions for Johns Hopkins and Gilman Glaciers
during summers 2019-2023.



