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INTRODUCTION

Dramatic declines (>65%) in harbor seals numbers have been documented in the northern Gulf of Alaska (GOA) beginning in the late 1970s through the early 1990s (Frost et al. 1999, Ver Hoef and Frost 2003, Boveng et al. 2003, Jemison et al 2006), along with declines in the Aleutian Islands (Small et al. 2008), while harbor seal numbers remained stable or increased slightly in Southeast Alaska (Small et al. 2003). Currently, populations throughout most of Southeast remain stable or increasing, with the exception of a >65% decline in seal numbers in Glacier Bay documented since surveys were initiated in 1992; a decline that continues at a precipitous rate through 2008 (Womble et al. 2010). Harbor seals numbers in the Kodiak area have been increasing since the early 1990s, while in Prince William Sound (PWS) seal numbers did not show signs of stabilizing and beginning to increase until 2002 (ADFG unpublished). Nonetheless, harbor seal numbers in GOA and PWS are still substantially depressed compared to pre-decline levels.
The major emphasis of our proposed study plan focuses on gaining a better understanding of factors that affect population dynamics in harbor seals, including assessing survival and reproductive success through photo-identification of individuals and radio telemetry. Additionally, various diet, health, and condition parameters, along with habitat use, movements, and diving data are compared among areas to understand what factors may be contributing to the different regional population trends. 

Tidewater glacial fjords are important habitat for pupping harbor seals in Alaska, seasonally supporting disproportionately large numbers of mothers and pups relative to total number of seals in the area (Calambokidis et al. 1987, Mathews and Pendleton 2006). The pronounced pattern of seasonal use, the large numbers of pups born in glacial fjords (Mathews and Pendleton 2006, Womble et al. 2010), telemetry (Womble et al. 2010), and genetic data (Herreman et al. 2009a) suggest that seals may travel from other areas to give birth and breed in this habitat, and that pups born in glacial fjords may emigrate to other areas, effectively functioning as a source population (Womble et al. 2010, Blundell et al. 2011).  Approximately 10-15% of seals in Alaska are currently estimated to use glacial habitat (Bengston et al. 2007), but those data are obtained during molt surveys.  We radio-tagged 29 seals that were born in, or that pupped and/or bred in glacial habitat, but none of them were present in that habitat during molt surveys that year. If those movements are typical, it is likely that the importance of glacial habitat to reproductive success in harbor seals in Alaska is underestimated. Glacial fjords are also popular tourist destinations; large numbers of vessels visit these areas during critical life history stages (pupping and molt) resulting in disturbance of seals, however the energetic costs of that disturbance are unkonwn. It is important to understand why, how, and when harbor seals use glacial habitat, and whether increasing vessel traffic and the rapid thinning and retreat of Alaskan glaciers associated with climate change could negatively affect harbor seals beyond the confines of specific glacial inlets. 

Overall, our research will provide a greater understanding of the proximate and ultimate factors that regulate harbor seal populations throughout their range in Alaska, which is required to develop effective management and conservation strategies.

SUBPROJECT 2: 2011-2013 GOALS AND OBJECTIVES

Objective 1.	Monitor harbor seal population trends in Alaska

NMFS requires reliable and up-to-date information on harbor seal abundance and population trends to develop and evaluate management and conservation strategies. In this contract period, ADF&G will provide personnel as needed to assist NMFS/NMML with aerial surveys throughout the state to count seals during the molt period.  Data will be collected that will be useful for NMFS objectives of abundance estimates and the ADF&G objective of estimating trends.  All raw data collected by all personnel with go to NMML for counting, and count data from trend sites will be provided to ADF&G for trend estimates.  Data manipulation, once data are received from NMML, requires approximately 1-2 weeks of time for a WBII and approximately 2 weeks time per year for a biometrician to analyze. During this contract period a manuscript will be drafted comparing health covariates vs. population trends for Glacier Bay (GB) and Prince William Sound (PWS); the manuscript will present the recently increasing population trend for PWS that has not been published.

Objective 2.	Describe the movements, diving behavior, and haulout patterns of harbor seals in Alaska

There are several projects associated with this objective. During the current contract period, analysis and write up of data on foraging behavior of harbor seals in Glacier Bay will continue; comparing foraging strategies of seals captured in glacial habitat and at nearby terrestrial sites, and exploring dive behavior relative to prey availability.  In a collaboration with the National Park Service (NPS), ADF&G had the lead on comparing timing and duration of haul-out behavior and foraging bouts of glacial and terrestrial seals using data retrieved from 27 Time Depth Recorders (TDRs) that were deployed on seals in GB from 2004-06. Those data along with data on diet and condition of seals were presented as a poster at two meetings, and in a manuscript (Blundell et al 2011).  Seals using glacial habitat traveled significantly farther to forage than did seals using terrestrial habitat. Glacial seals also had diets higher in pelagic fishes (Blundell et al 2011). Collaborative efforts between ADF&G and NPS are ongoing to further analyze and publish foraging ecology data from the 2004-07 studies. J. Womble, of NPS, will be using dive data from TDRs deployed by ADF&G for her Ph.D. study at Oregon State University under Dr. Markus Horning, along with data collected by NPS and NMFS on prey availability where tagged seals were foraging (Womble et al. in co-author review). 

Objective 2a – Icy Bay New research: Assessment of health, movements, and activity budgets of glacial seals in relatively undisturbed habitat in Icy Bay, Gulf of Alaska: baseline data from a “control” population 

Objectives:  i) Collect biological samples to measure diet, body condition, health, and stress indicators ii) deploy instruments to monitor movements, activity budgets, and foraging behavior iii) collect data on frequency and duration of nursing bouts.

Justification: Glaciers in Alaska are among the most rapidly retreating glaciers worldwide. The disproportionately large numbers of mothers and pups present at some tidewater glacial sites during pupping and breeding season, along with genetic (Herreman et al. 2009a) and telemetry data (Womble et al. 2010) indicate that harbor seals travel from elsewhere to pup and breed in glacial habitat in Alaska.  As a result of the large numbers of pups born at these sites; glacial habitats may effectively function as source populations.  The grounding of tidewater glaciers and loss of icebergs as haul-out substrate, as a result of climate change, may have significant impacts on harbor seal populations in Alaska beyond specific glacial inlets.  As top-level predators in the marine environment, significant shifts in population levels or patterns of habitat use may have a cascading effect that could alter ecosystem dynamics and impact commercial fisheries.  
Four tidewater glaciers calve icebergs into Icy Bay, providing ample haul-out substrate for harbor seals. The area supports the largest seasonal aggregate of harbor seals in Alaska; > 5,000 seals use Icy Bay during molt (Jansen et al. 2006) but the numbers that use the area for pupping and breeding are unknown. Other than recent molt survey counts conducted by NMFS/NMML, no other data (e.g., pupping-season counts, behavioral observations, or captures for biological sampling and radio tagging) have been obtained by any of the agencies or institutions that are conducting harbor seal research in Alaska.  Given the apparent importance of this area to harbor seals (as evidenced by the large numbers using the site during molt), it is important to obtain first-time data that will serve as “baseline” data for the area, prior to substantial loss of habitat. Due to the topography of steep-sided fjords characteristic of most tidewater glaciers, glacial retreat to solid land generally doesn’t expose much terrestrial habitat suitable for seals to haul out on. Thus a spatial shift in harbor seal distribution will likely occur as tidewater glaciers in Icy Bay ground. 
Icy Bay hosts the largest number of seals in Alaska during molt. If the same is true during pupping season, the consequences of loss of this pupping habitat for large numbers of seals could be particularly pronounced. We hypothesize that pups born in glacial habitat may have greater fitness (possible higher rate of survival until weaning and higher probability of survival in their first year) than do pups born in terrestrial habitat (Blundell et al. 2011, and see below), which may explain why females travel from elsewhere to pup and breed in this habitat. Additional testing of this hypothesis and knowledge of seasonal movements of seals tagged in this area may allow us to predict potential impacts as this habitat is lost. 
Additionally, cruise ships and other vessel types disturb harbor seals, but the physiological effects of those disturbances are unknown.  Alaska has the 3rd highest share of cruise ship tourism relative to total world capacity, with cruise ship visitations to Alaska quadrupling since 1987 (Jansen et al. 2010); all cruise ship itineraries in Alaska include visits to ≥ 1 tidewater glacier. The effects of seal-vessel interactions and disturbance can be more thoroughly elucidated by comparing data from a control population with similar data from areas of higher vessel traffic. We have collected data from two glacial sites that experience significant vessel traffic. Comparatively few vessels visit Icy Bay as a result of the distance between Icy Bay and tourism ports and the necessity to travel in the open waters of Gulf of Alaska. Studies of harbor seals in Icy Bay will therefore provide data on seals exposed to minimal anthropogenic effects (i.e., a control population).  Data collected from seals captured in Icy Bay will be compared with similar data already collected from Glacier Bay (GB) and Tracy Arm Ford’s Terror (TAFT) Wilderness Area – areas that are also important pupping, breeding, and molting sites for harbor seals. Although vessel traffic is seasonally restricted at some important harbor seal sites in GB, data collected in collaboration with the National Park Service indicate that seals using glacial habitat in GB travel extensively while foraging , traversing travel corridors for vessel traffic. Vessel traffic in TAFT is unregulated and has been increasing substantially in recent years. Data comparisons between Icy Bay, GB and TAFT will include movements, activity budgets (time spent hauling out and foraging), and dive behavior.  

Products:  Previously unavailable data from Icy Bay on diet, body condition, stress levels, and health of seals in a control population. Data on movements and foraging behavior for a control population.

Methods: i) Conduct captures of harbor seals in autumn 2012, shortly after molt, to obtain biological samples to assess body condition, health, diet, and reproductive condition (samples for contaminants assessment will be archived, pending funding for analysis). Deploy head or back-mounted satellite tags and flipper-mounted satellite tags (as available from NMFS/NMML) on seals to track movements for ≥10 months (until pelage-attached tags are shed during molt) or multiple years (until flipper-tag transmission ends or tag detaches). 

Data from satellite tags can be used by NMFS/NMML to estimate the proportion of individuals hauled out during abundance surveys. Radio-tagging in Icy Bay will also determine the extent to which seals move between Icy Bay and Disenchantment Bay (cruise ship traffic has been proposed as a cause of a decline in harbor seals in Disenchantment Bay, however seals may move between bays during critical life-history phases such as pupping or molt). Yakutat Borough has expressed an interest in providing logistical support to include captures and tagging in Disenchantment Bay. Movement data from seals tagged in the autumn in Icy Bay will be directly comparable to data from seals tagged at the same time of the year in GB. From September to April, subadult and adult females tagged in GB ranged extensively throughout the inner and outer waters of northern southeastern Alaska and the eastern Gulf of Alaska; one traveled >500km to Prince William Sound (PWS).  Prior to the next breeding season following tagging 92% (22 of 24) of seals whose tags still transmitted (including the seal that went to PWS) returned to GB, primarily to the glacial ice site where they were tagged (Womble et al. 2010). 

ii) Pending funding: Objectives -- conduct land-based observations (time-budgets) of suckling behavior during lactation in the 2012 pupping season to determine length and frequency of nursing bouts; obtain comparable data at a terrestrial site (Glacier Bay – Spider Reef). Obtain counts of seals 1-2 times per day during a 3-week field camp to determine the importance of Icy Bay as a pupping and breeding site for harbor seals. Obtain panoramic photographs multiple times each day at Icy Bay for later counting of seals with digital assistance.

Hypothesis: Pupping in glacial habitat has fitness benefits. Continuously available substrate (icebergs) at glacial sites allows seals to spend more time hauled out than their terrestrial counterparts (Blundell et al. 2011). If more time spent hauled out during lactation results in more time spent nursing during the short, 3-week lactation period, glacial-born pups have the potential weigh more at weaning, which may result in higher first-year survival. 

Given the large numbers of seals at Icy Bay during molt, it seems reasonable to expect that this site may support the largest numbers of seals in Alaska during pupping and breeding season. Females pupping in glacial habitat in GB spent, on average, <2h at a time in the water during lactation (Blundell et al. 2011) indicating that they kept their pups within the confines of glacial ice prior to weaning, which likely decreased their exposure to predators and increased their probability of survival until weaning. A short reconnaissance trip will be made to Icy Bay during pupping season 2011 with the intention of locating an observation platform suitable for counts and observations (i.e., a field camp site for 2012, pending funding). During the reconnaissance we will attempt to obtain 1-2 days of counts of numbers pups and non-pups and ascertain feasibility of land-based observations to determine time-budgets for nursing behavior in 2012. 

iii) Pending funding: In spring 2013, conduct captures of harbor seals in Icy Bay prior to pupping to obtain biological samples to assess body condition, health, diet, and reproductive condition. Deploy flipper-mounted satellite tags (as available from NMFS/NMML) on seals to track movements for multiple years.  Deploy SPLASH tags (as available from NMFS/NMML) to document dive behavior and movements from pre-pupping until tags are shed during molt (for direct comparison with data from Glacier Bay and TAFT obtained during spring captures).

iv)  Pending funding: In summer 2013, conduct additional captures around weaning time (i.e., peri-weaning) to deploy satellite tag on pups (with ADFG-purchased SPOT tags) and track movements and survival during their first year. Compare with 2 years of pup movement data from TAFT. Collect biological samples during peri-weaning capture trips to assess health, body condition, and peri-weaning weight of pups, and health and condition of lactating females to assess costs and benefits of pupping in glacial habitat.  Compare with a glacial site subjected to high levels of vessel traffic (existing data in Endicott Arm) and peri-weaning data at terrestrial sites (e.g., Prince William Sound; limited data exist,  more should be collected in future years utilizing improved technology that will result in better data). 

Objective 2b – Tracy Arm Ford’s Terror (TAFT) Wilderness Area -- Multiple years of data on movements and patterns of habitat use are required to determine whether movements and other data noted in a single year are representative of the population. We initiated a study in April 2008, which continued through summer 2010. This study documented seasonal patterns of use of glacial habitat, and changes in movements, haul-out patterns, and dive behavior relative to vessel presence, as well as estimating energetic costs as a result of vessel disturbance (Objective 9) to harbor seals in Tracy and Endicott Arms within TAFT Wilderness Area, in Southeast Alaska.  
During our 2008-2010 field seasons we obtained presence/absence data for 107 seals (53 females, 54 males) equipped with VHF transmitters to compare with presence/absence of vessels documented by land-based camera stations that obtained multiple photos of vessel traffic per hour. Effects of covariates on patterns of attendance (i.e., presence/absence VHF telemetry data) are currently being explored to determine what factors influence whether seals stay within glacial habitat vs. those that leave, presumably for foraging.  Covariates include weather, ice availability, vessel presence, vessel type, date, time of day, age and sex .  Results will be compared with what is known about foraging behavior for seals captured in glacial habitat in Glacier Bay. Presence/absence data will also be evaluated relative to vessel traffic presence/absence – ultimately to determine whether vessel traffic displaces seals and whether vessel traffic can be confined to times of day when seal disturbance is less likely to occur. Preliminary data were presented at the 2011 Alaska Marine Science Symposium and at the International Marine Conservation Congress (Blundell and Pendleton 2011).  During this contract period final analysis will be completed and a manuscript reporting the results will be submitted for publication in a peer-reviewed journal.
	Following completion of analysis, presentation, and submission of a manuscript assessing factors affecting presence/absence of seals in TAFT, we will initiate analyses of TDR data retrieved from 41 seals tagged in TAFT during the 2008-10 study. Those data, including TDR data retrieved from 9 SPLASH tags (that also transmitted satellite location and binned dive data for those individuals), will be explored to assess which seals use glacial habitat, when, and why.  Activity budgets, diet, and body condition will be compared with similar data from Glacier Bay (Blundell et al. 2011).  Dive behavior from 41seals will be analyzed to determine whether diving patterns differ when seals are foraging within glacial fjords and when they are foraging elsewhere. Diets and body condition will be compared between seals known (from VHF presence/absence data and SPLASH tag satellite locations) to leave glacial habitat regularly vs. those that remain primarily in glacial habitat.
Additionally, we deployed 15 SPOT tags (which transmit locations via ARGOS, but no dive data) on 15 pups (9 male/6 female) in 2010; pups were captured near weaning in Tracy and Endicott arms. In 2008, 15 SPOT tags were deployed on TAFT pups (6 male/9 female) around weaning time. Also in 2008 in collaboration with NMML, 14 flipper-mounted SPOT tags were deployed on subadult and adult seals (2 male/12 female). None of the seals tagged in 2008 in glacial habitat were present in glacial habitat during NMML abundance surveys that were flown during molt 2008 (Blundell et al. 2009). If those 29 individuals were hauled out during surveys, they would likely have been quantified as terrestrial seals, suggesting that current estimates of seal use of glacial habitat (obtained during molt) may underestimate the importance of that habitat for pupping and breeding harbor seals. In 2009 we equipped an additional 15 subadults and adults with flipper-mounted SPOT tags provided by NMML, but ADF&G had no funds for tagging pups that year. 
We will analyze data from NMML tags deployed in 2009 along with pup data from 2010 to determine whether the same pattern occurred (i.e., seals using glacial habitat for pupping and breeding, molted in terrestrial habitat). Additionally, we will explore movements and seasonal patterns of use of glacial habitat by pups during their first year (for pups tagged in 2008 and in 2010), including: proportion that return to glacial habitat never/intermittently/seasonally, and whether movement and habitat-use patterns are gender specific.  Movement data will be paired with data on health and condition of pups at capture to evaluate whether parameters differ between pups that transmit data until molt the following season when the instruments are shed (i.e., fate known -- survival confirmed) and pups whose telemetry signal was censored (i.e., stopped transmitting -- fate unknown) prior to molt. Those data will be compared (to the extent possible) with previous data obtained from pups born in terrestrial habitat.


Objective 3.	Determine food habits and prey requirements of harbor seals in Alaska

Nutritional stress resulting from either reduced availability of prey or change in the availability and quality of prey was a leading hypothesis proffered to explain declining populations of harbor seals and Steller sea lions in parts of Alaska.  Although our studies of declining populations of seals currently do not detect any direct evidence of nutritional stress, we continue to evaluate the primary prey of harbor seals in different regions of Alaska through examination of seal feces (scat) and stomach contents to identify prey remains, analysis of blubber fatty acids, and stable isotope analysis of various tissues. 
During the last contract period, we collected samples (blubber, blood, hair, whiskers, and scat) from all seals live-captured in TAFT to assess diet, and scat samples were collected opportunistically. Approximately 1000 samples from various tissues (e.g., red blood cells, serum, milk, and hair) obtained from seals captured in TAFT during 2008-10 were submitted to a laboratory for analysis of stable isotope (SI) signatures; 257 samples were submitted to laboratories for fatty acid signatures (FAS) analysis for seals from GB, PWS, Kodiak, and TAFT, and ~600 scat samples were submitted to a laboratory for identification of prey remains to assess diet for seals on Tugidak Island from 2001-09.   A manuscript comparing body condition (% body fat and protein) relative to population trend for 452 harbor seals live-captured during 2003-2009 from four locations within Alaska: PWS (n=80), GB (n=179), Kod ( n=24) and TAFT (n=169) was drafted and is currently in co-author review; that manuscript will be submitted to a peer-reviewed journal during this contract period.   Previously a poster examining regional differences in FAS using Analysis of Similarity was presented at the Alaska Marine Science Symposium and at the Biennial Marine Mammal Symposium (Karpovich and Moran).  In this contract period, once results from the recently submitted samples are received, a manuscript will be submitted identifying factors (e.g., age, sex, season) that affect FAS variability among all five regions for which we have trend data and will compare FAS with population trends for each area. A future manuscript will compare fatty acid signature analysis for each region that has available prey item FA data (Karpovich et al.) to examine differences in diets among regions. 
Stable isotope (SI) analysis of whiskers of pups and yearlings will also be investigated to evaluate SI signatures representing the diet during the nursing period. SI signatures of terrestrial seals and those captured in glacial habitat will be compared to assess whether regional differences in diet are apparent.  Given the extensive seasonal movements documented for glacial seals compared to those of terrestrial seals, the prediction is that glacial seals will have SI (nursing period) signatures representative of different regions than where they were captured, while terrestrial seals are predicted to have SI signatures that differ from those of glacial seals and are consistent with older animals captured in those terrestrial locations. SI analysis of serum, blood cells, and hair for seals captured in TAFT in 2008-10 was completed during the last grant period; analysis of those data is expected to reveal additional information on seasonal diets of harbor seals using glacial habitat in spring and summer.
	Scat collection has occurred on Tugidak Island, in the Kodiak Archipelago, for multiple years in conjunction with a vital rates photo-identification study (see Objective 5a).  Analysis of prey content in Tugidak scat samples collected from 2001-09 has been completed.  Additional analysis is currently underway to explore nutritional content of those diets as part of a UAF MSc project, after which ADF&G will examine how population dynamics (e.g., survival and reproductive success) respond to environmental conditions by combining population, diet and environmental data collected around Kodiak Island, Alaska (see Objective 5a).

Objective 4:  Assessing health status and physiology of Alaskan harbor seals.
	
New Research: Assessing diet and chronic stress as potential factors contributing to harbor seal declines
Objectives:  i) Determine whether a single tissue can be used to evaluate seasonal changes in diet, concurrent with seasonal changes in stress levels. 

Justification: Chronic stress, detected by high levels of stress hormones over an extended period of time, can negatively impact animal health and reproductive success.  Stress hormones are typically examined in blood, saliva, urine or feces.  Capture stress influences hormones levels in blood and saliva, while urine and feces are difficult to obtain in a marine environment.  Additionally, sampling from a single tissue provides a snapshot of stress level, rather than an examination of stress over time.

Methods: Vibrissae (whiskers) from harbor seals have been collected from locations throughout Alaska and archived by ADF&G.  For a large subset of vibrissae we also have stable isotope data from hair, red blood cells, and serum.  Because the stable isotope turnover rate in these tissues differs (i.e., different tissues represent diets consumed at different times), we will match these data to the stable isotope signatures along the vibrissae, constructing a temporal map of diet, defined as distance from root.  We will then analyze sections of the same vibrissae for cortisol concentrations.  Utilizing the temporal map created from the stable isotope signatures along the whisker, we can examine seasonal changes in cortisol, which reflect stress levels. If data denoting seasonal diet obtained from different tissues can be reliably and predictably documented along vibrissae sections, future analysis will only require analyzing vibrissae. In addition to validating this technique in harbor seals, stable isotope data from liver and muscle samples from subsistence-harvested bearded and ringed seals (ice seals) will be cross-referenced with stable isotope values obtained along serial sections of their vibrissae, and cortisol concentrations will also be determined.

In a pilot study, 18 vibrissae were sent to Western College of Veterinary Medicine, University of Saskatoon, SK, Canada, where cortisol concentration in the vibrissae will be measured and the minimum sample size required for detection will be determined. Eleven were from subsistence harvested ice seals.  Another 7 were from harbor seals captured in Glacier Bay (2004-06) and Prince William Sound (2004); matching whiskers from the same 7 harbor seals were submitted for stable isotope analysis in 1mm increments to determine the scale (serial-section length) necessary for temporal mapping of diet. Those data will be matched with the timeline provided by stable isotope signatures from other tissue for the same seals.  

Product: Once the methodology is validated, this research will assess whether chronic stress is occurring in harbor seals or ice seals at levels that could result in diminished reproductive success, potentially contributing to population declines.  Seasonal assessment of diets will also enhance our understanding of potential interactions of harbor seal with commercial fisheries.

Continuation of Tracy Arm Ford’s Terror (TAFT) studies:

After three years of intensive data collection in TAFT (see also Objective 2) to assess the health and condition of seals, the energetic costs associated with using floating ice as haul outs, and the energetic costs of vessel disturbance (Objective 9) we will not be conducting captures in this area during this contract period.  Instead we will direct our efforts toward analyzing, interpreting and publishing results from that and other studies. 
Haul-out behavior, foraging behavior and movements, and health data collected from multiple areas where seals use glacial habitat will help to clarify whether seals using glacial habitat have different energetic expenditures compared with seals using terrestrial habitat, and whether the differences noted between glacial and terrestrial seals in GB (see Objective 2, Blundell et al. 2011) is typical of “glacial seals” in general. For example, glacial seals in GB traveled farther to forage, but had better-quality diets, and spent more time hauled out, however body condition did not differ between habitats (Blundell et al. 2011).  Costs of longer trips for glacial seals were apparently offset by obtaining better-quality diets and hauling out on floating substrate, regardless of tides, once energetic needs were met. There may be additional benefits to hauling out on icebergs (e.g., lower predation risk) which may explain the large numbers of seals that use glacial habitat for pupping and breeding. 
Loss of glacial habitat could have serious implications for harbor seals in Alaska if these highly productive pupping and breeding sites effectively function as source populations.  There is substantial evidence indicating that glaciers in Alaska are retreating due to climate change.  Indeed, glaciers in TAFT have undergone major changes; South Sawyer Glacier retreated >2km in 18 months in 2003-04, and between May 2009 and May 2010 a drop in elevation ranging from 30-104m was measured at the terminus of the three tidewater glaciers in that area (R. Motyka unpublished data).  Estimates of energetic costs (through collection of empirical data, published data, and modeling) for seals that use glacial ice to rear pups, breed, and molt, will give us a baseline to compare with future data as the ice recedes. These studies may also give us some idea as to how harbor seals that use tidewater glaciers and the surrounding areas will be affected, once the glaciers have receded onto land and icebergs are no longer available as haulout substrate for harbor seals.
During this contract period we need to fund the costs of a suite of analyses that, in much of that last decade of ADF&G harbor seal research, the Alaska SeaLife Center (ASLC) funded (e.g., serum chemistry assays and disease screening to assess general health of all harbor seals captured by ADF&G in all study areas).  Currently no funds are available for contaminants analysis; however samples are archived in hopes of future funding for analysis by ADF&G or collaborators.

	
Objective 5.	Examine life history parameters of harbor seals in Alaska

Population trend estimates (Objective 1) determine if the numbers of seals in a certain area are increasing, stable, or decreasing.  However, a trend estimate does not indicate whether a change in population abundance is due to a change in one of the three main demographic parameters: survival, reproduction, and dispersal (i.e., vital rates).  In addition, determining the extent to which environmental factors (e.g., prey availability, disease, predation) influence population abundance is more difficult without estimates of these demographic parameters.
In general, pinniped population abundance is more sensitive to changes in survival than reproduction.  Population modeling has demonstrated the significance of decreased survival for both Steller sea lions (York 1994) and harbor seals (Frost et al. 1996) in Alaska.  Survival estimates for pinnipeds are most commonly obtained from age-composition data, or through ‘mark-recapture’ studies where individual animals are captured and ‘marked’ with a unique identifier (e.g., brand or tag), and then either recaptured or resighted at a later period. In recent years ADF&G has initiated several long-term studies to assess life history parameters for harbor seals. 

Objective 5a. Photo–identification – Mark-resight using computer-matched digital images

The objectives of this study are 1) long-term monitoring of annual age and/or age-class specific survival probabilities; and 2) estimation of reproductive rate, pre-weaning pup survival, population size, annual pup production, and determination of reproductive histories of breeding females.  Markings on the pelage (spots and rings) of Pacific harbor seals are extensive, unique, and are consistent over at least 7 years (Hastings et al. 2008). Over 30,000 photographs of seals have been collected since the project began ~15 years ago. The photo-matching techniques used in this study provide accurate matches of individuals over time as confirmed by matching pelage markings from photos of seals that were also identifiable via numbered flipper tags or unique scars (Hastings et al. 2008). 
During the previous contract period work was completed on the multi-state model for survival estimates based on sex and body size for the 2000-2007 data.  A draft of a manuscript presenting age-specific survival estimates of harbor seals from Tugidak Island is currently in co-author review.  Photos obtained during several pupping seasons are in the final stages of being matched to explore the extent to which we can determine reproductive performance.   During this contract period, we will focus all our efforts on analysis and publication of vital rates data from this long-term study.  Another manuscript, describing survival during pupping and molt by size class, will investigate inter-annual variability and will incorporate diet data (see Objective 3). An additional 2 years of photo-matching data (2008-09) will be incorporated into that manuscript once photos are computer-matched. Following completion of that manuscript, analyses of results from photo matching during the pupping period will commence to examine reproductive success. 
Large sample sizes and high within-season resighting rates are particularly necessary to assess reproductive performance.  For example, for age-specific reproductive information, the size of the original marked sample of female pups must compensate for attrition due to juvenile mortality.  Based on our apparent survival estimates, 0.50 of our female sample may perish by age 6 yrs.  A recent review of our female and pup data from the pupping seasons also showed that only 0.10-0.20 of females were photographed by the ventrum > 2 times per pupping season.  Because we expect this within-season resighting rate is too low to estimate reproductive rates, previously we evaluated whether recent improvements in digital camera technology and capacity for storage of high-resolution photographs would provide sufficient sample sizes to increase within-season resighting rates and address questions of reproductive performance (including birth rates and pup mortality rates). 
During this contract period, we will determine whether those changes in photo techniques improved our resight rates and whether using multiple viewpoints (rather than just the ventrum) will also improve the number of resights. Processing images collected of multiple viewpoints of females and pups in the 2002 and 2008 seasons will provide assessment of gains in sample sizes and resighting rates offered by this modification.  
Finally, long-term data are required to assess the relationships between population processes and environmental conditions.  We expect that, together with data on Tugidak harbor seal diet (Objective 3) and the large volume of environmental data collected around the Kodiak area by the GAP project and others, our long-term studies of vital rates of harbor seals at Tugidak Island will provide tests of population response to environmental conditions. 
The original study design included objectives that we hoped were achievable with a methodology that was in the developmental stages. Once we have completed our intensive data analysis we will review and revise the study design, if needed. Revisions would eliminate objectives that are not realistically achievable and include any new objectives identified during the analysis as achievable for continuation of long-term research on Tugidak Island.

Objective 5b. Using radio telemetry (multi-year VHF implants) and mark-recapture techniques to estimate vital population parameters for harbor seals and factors that affect those vital rates

The most direct manner in which to understand fluctuations in population abundance is by estimating survival and reproduction, and quantifying the effect that proximate factors (e.g., health, nutritional stress, contaminants) have on these vital rates.  Harbor seals experienced a long-term decline of >63% in Prince William Sound (PWS; Frost et al. 1999, Ver Hoef and Frost 2003) and began increasing at 2.2%/yr after 2002 (ADF&G unpublished). A 63%/11yr decline (Mathews and Pendleton 2006) continues through 2008 in Glacier Bay (GB; Womble et al. 2010). Whether the long-term decline of seals in PWS and GB is due to emigration, decreased survival or reproduction, or a combination of these vital population parameters is unknown. We explored the application of mark-recapture techniques incorporating radio telemetry to determine whether vital population rates can be estimated with sufficient precision and accuracy.  Long-term vital rates data obtained from radio-tracking seals with multi-year VHF implants, paired with data on diet and health status of the individuals at the time of capture, were expected to facilitate an assessment of what factors differentiate between seals that survive and those that do not, potentially elucidating key factors contributing to the decline of seals in these areas.  
Traditionally, radio transmitters have been attached to the pelage of pinnipeds, providing a maximum of 10-12 months of data before the transmitter is shed during the annual molt.  A subcutaneously implanted transmitter, which requires a relatively simple surgery, is not affected by the annual molt and provides long-term data for an individual; limited only by the battery life and the successful function of the transmitter.  We used a surgical technique developed at The Marine Mammal Center (TMMC; Haulena et al. 2001, Lander et al. 2005) to subcutaneously implant VHF transmitters into harbor seals. 
In PWS, from 2003-05, we equipped 124 harbor seals with subcutaneous VHF transmitters with 3.5 or 5-year batteries. In 2004-06, 155 seals in GB received 5-yr subcutaneous transmitters. The ability to track the same individuals over a period of years was expected to provide data essential to our vital rates research, as well as affording an opportunity to assess site fidelity, and short-term and long-term movements of individuals, both of which have implications for interpretation of data on population trends for harbor seals in Alaska.  At the time of capture and radio-tagging, we obtained samples from all seals to assess age (from cementum annuli of incisors), health, and diet. In addition to skiff-based and aerial radio-tracking within and beyond our study areas, in 2004-05 we established three land-based telemetry-monitoring stations in GB. In 2005, six stations were established in PWS with NPRB funding. Stations continuously scanned for radio-tagged seals.
	The data collection phase of this objective has been completed in both study areas. Previously we conducted analyses to compare health and diet parameters between areas to determine whether health or nutrition-related factors were contributing to the decline observed in Glacier Bay, and used capture-mark-recapture (CMR) models with health/diet covariates and age/sex classes to estimate age-sex specific 'apparent-survival-probabilities' and age-sex-year-specific resight-probabilities. We also assessed whether estimated apparent-survival-probabilities in the first-year post-tagging were a function of health/diet covariates.  Our preliminary analyses noted no obvious health-related covariates that could explain the decline; however we had small sample sizes for some age-sex classes so additional archived samples were analyzed during the last contract period. In the current contract period we will complete analysis of these data and draft two manuscripts: 1) presenting health comparisons between a declining (GB) and an increasing (PWS) population including recent trend data; and 2) results of mark-resight analyses (efficacy of using subcutaneously implanted transmitters and remote monitoring in harbor seals).

Objective 5c. Estimates of age using cementum annuli in teeth – potential for assessment of age-structure of populations

A comparison of age structures among populations that are stable or increasing, and those that are declining provides a better understanding of the demography of those populations.  Such data may indicate whether the decline of some populations is due to reduced survival and/or failure to successfully recruit pups into a population, differential mortality due to human-caused disturbance, or age-specific mortality for individuals in populations where prey availability and nutritional condition may be lower or health-related challenges higher.  
Previously we validated the use of incisors to age harbor seals and the use of morphometrics to provide a consistent means of estimating age of seals in the field (Blundell and Pendleton 2008).  Because the method relies on measurements of length and mass, once a seal reaches maximum (adult) body length, the age estimates are inexact for older animals but reasonably reliable for aging young seals. Presently our sample size of ages of harbor seals from teeth of live-captured and subsistence-harvested seals is inadequate to compare age structures among populations with sufficient statistical power for meaningful results.  Currently we are not conducting field studies that use general anesthesia when we handle seals, thus we are not extracting teeth from seals for age estimates.  Similarly, the Alaska Native Harbor Seal Commission does not currently have funding to continue their biosampling program, thus we are no longer obtaining teeth from that source for age estimates. Therefore this objective is currently inactive; however at some future date we may investigate the feasibility of providing funding to facilitate shipment of the bottom jaw of subsistence harvested seals to ADFG for tooth extraction and aging. 

Objective 6.  Other demographic/diet studies at Tugidak Island: monitoring demography, pupping and molting phenology, and population trend
 
During this contract season, we will not be counting pups and/or non-pups during pupping and molting seasons at Southwest and Middle Beaches to assess population trend, age/sex class composition, and pupping and molting phenology.  This disruption in data collection is a result of the loss of long-term personnel that previously conducted this field study, concurrent with an emphasis placed upon data analysis for the Photo-ID study that will allow for a re-evaluation of whether study objectives are being met or whether the study needs to be redesigned. Once the analyses are complete and the study design reconsidered, the appropriate personnel will be hired to continue collecting data at this long-term research site. Count data from the past decade will be analyzed this contract period, to estimate trend at Tugidak from 2001-2009, including an assessment of pupping and molting phenology for this decade.

Objective 7	Compile and analyze information on the distribution and habitat (resource selection) of harbor seals in Alaska

Our overall objective is to evaluate resource selection by harbor seals across the state to gain a better understanding of harbor seal ecology, identify resources that influence distribution and population processes of harbor seals, and assist in developing effective management and conservation strategies for maintaining seal populations in conjunction with continued subsistence harvest and several important commercial fisheries.  The primary objectives include the following: document haulout, movement, diving, and spatial-use patterns of harbor seals in Alaska; quantify the relationships between harbor seal distribution, movements, and foraging patterns and habitat attributes that influence these patterns; characterize and identify seasonal shifts in habitat use by harbor seals; estimate habitat selection by harbor seals at multiple scales; compare habitat selection patterns among seals within and among regions; and develop spatially explicit, seal habitat prediction models, based on real data from harbor seals and associated habitats.
During the previous contract period, we funded a statistics graduate student working under Dr. Mevin Hooten at Colorado State University to work on this objective.  The study proposes to use a flexible approach for investigating the effects of a dynamic environment on harbor seal movement and resource selection. This approach accounts for the irregular temporal resolution of the location data and allows us to address scientific questions that may provide insights into environmental drivers of harbor seal behavior. Understanding how the environment motivates harbor seal resource selection and behavior is a critical step towards understanding the precipitous decline of harbor seals in Alaska and managing the species towards recovery. 
While considerable research has been done on modeling animal movement and resource selection (e.g., Johnson et al. 2008, Hooten et al. 2010), statistical models of marine mammal movement and selection have yet to include the dynamic nature of the environment these mammals inhabit. Johnson et al. (2008) modeled marine mammal movement as a continuous-time correlated random walk, but assumed that the movement process is taking place in a homogeneous domain. Hooten et al. (2010) employed an agent-based approach to link animal movement to a heterogeneous environment, but assumed that this environment is static. In contrast, this study proposes to use an approach for making inference about the effect of dynamic environmental drivers on harbor seal movement and resource selection in the coastal regions of Alaska.
The model developed for this objective will utilize data collected between 1992 and 1997, from 130 harbor seals that were tagged in three distinct study areas: Kodiak/Tugidak, Prince William Sound, and Southeast Alaska. Location data for each of these seals was transmitted at irregular intervals ranging from a few minutes to multiple days between successful transmissions. The approaches of Johnson, et al. (2008) and Hooten et al. (2010) require that location data be obtained at a fine temporal resolution and thus are not appropriate for the harbor seal data being studied here. We propose an approach in which we model harbor seal location, and the effect of the underlying environment, on a coarser discretization of the study areas. Each study area will be divided into distinct, non-overlapping regions which together cover the entire geographic area. The boundaries of these regions will be chosen based on observed seal locations, which show preferences for certain regions at different times; the choice of division into regions will be directly related to the scientific questions of interest. A discretization of the study area and a flexible framework for investigating drivers of harbor seal behavior will allow us to make inference about the effect of the changing environment on harbor seal behavior. Preliminary models of movements have been conducted with additional modeling currently underway.


Objective 8.	Determine the genetic structure of harbor seals in Alaska

Information on stock structure, boundaries and discreteness are required by NMFS to ensure harbor seals are assessed and managed on an appropriate geographic scale.  Any time that ADF&G conducts captures, genetic samples will be collected for NMFS (or their contracted geneticist) to supplement their database of genetic samples from seals across the state.  

Objective 9.	Assess the impact of vessel disturbance on harbor seals in Alaska

During this contract period we will concentrate on data management and analysis for the immense data sets (heart rate and dive data) collected on energetic costs of vessel disturbance in Tracy Arm Fords Terror (TAFT), Southeast Alaska. To assess the significance of vessel disturbance to harbor seals, it is important to determine whether behavioral responses to approaching vessels are linked to physiological changes (e.g., energetic costs) that could result in demographic consequences. Specifically, does vessel disturbance have the potential to negatively influence survivorship or reproductive success of individuals, thus affecting the long-term viability of the population? From 2008 through 2010 we conducted a study in TAFT, where unrestricted vessel traffic occurs at high levels in an important pupping area.  TAFT is a popular tourism destination for cruise ships and day boats from Juneau, the capitol of Alaska. 
Each year of the study we deployed heart-rate monitors, Time-Depth Recorders (TDRs), and head-mounted VHF transmitters on harbor seals captured in TAFT at Endicott Arm. We will use heart rate as a proxy for metabolic costs (Butler 1991, Boyd et al. 1995) and will assess average daily energetic costs (Boyd et al. 1999), resting metabolic rates, energetic cost of forage dives and energetic cost incurred during known disturbances and when seals are undisturbed. Cruise ships generally enter the adjacent Tracy Arm, while day boats, which deploy multiple inflatable skiffs and kayaks that travel within the icebergs, frequent Endicott Arm. Spring ice conditions in 2008 and 2009 prevented conducting captures and deploying instruments on seals in Tracy Arm but telemetry monitoring indicates that seals move between fjords.  Similarly, in the previous two years ice conditions often prevented cruise ships from entering Tracy Arm, thus Endicott received the majority of the vessel traffic. Although ice would have allowed us entry into Tracy Arm in spring of 2010, for continuity sake we again deployed instruments only on seals captured in Endicott Arm.
 	We will pair heart rate measurements (recorded when instrumented seals are approached by vessels) with behavioral observations, noting the timing of specific behavioral responses. Although previous studies have documented the entry of unmarked seals into the water as vessels approach, no harbor seal study has attempted to obtain empirical data that measures the energetic costs of that disturbance, and whether a seal incurs an energetic cost prior to entering the water, during the more subtle behavioral responses as a vessel approaches. Preliminary analysis of 2008 data indicated that heart rate increases as soon as a seal lifts its head in response to an approaching vessel (Karpovich and Blundell 2009), thus vessel “disturbance” may need to be redefined, because the energetic costs associated with disturbance may occur earlier than previously perceived. Besides elevated heart rates, energetic costs may include altered behavior when boats are in the area, with potentially more time spent in the water, perhaps traveling to avoid vessels rather than foraging, which will ultimately represent an increase in energetic cost. 
Likewise, an increase in energetic cost associated with forage diving, if coupled with an avoidance of areas with frequent vessel activity, could suggest a shift to inferior habitat to avoid disturbances. By using heart rate as an index for metabolic rate and comparing seals undergoing differing vessel traffic patterns we may be able to determine whether regulations are needed for specific vessel types to minimize the potential for negative impacts on harbor seals.  

Plans for the heart rate data:

1. Descriptive analysis: using the dive data, specific activities will be isolated and average heart rate will be calculated (e.g., hauled out, surface swimming, shallow dives and deep dives).
2. Presence/absence of boats: portions of data for each seal will be compared during times where there was high boat traffic to times when there was low or no boat traffic.  Since heart rate is depressed via the dive reflex when the animal is in the water, if there is an increase in heart rate it will be masked until the seal hauls out to recover. Thus, either large portions of time will be averaged, or at a minimum, an entire dive cycle with the following hauled out period will be compared for each individual during different levels of exposure to vessel traffic.

The main questions that we will address with the paired heart-rate and dive data are:
1. Is there a difference in the average daily energetic cost when comparing animals that experience different types and intensity of vessel traffic (see also Objective 2)? 
2. Is there a difference in the average daily energetic cost when comparing that cost before heavy tourism vessel traffic occurs (late spring when heart-rate monitors are deployed) and during the peak of vessel traffic? 
3. Could those costs affect population trends and contribute to a decline?
4. Is there a difference in basal or “resting” metabolic rate when comparing animals before and after tourism vessel traffic occurs?
5. Is there a difference in cost per dive and daily cost for foraging when comparing animals before and after tourism traffic arrives, or on low and high vessel traffic days (see also Objectives 2)?
6. What additional energetic costs do disturbances represent?  Are these costs different when comparing animals that use glacial ice in fjords with different types and intensities of vessel traffic?

After the main energetic questions are examined, the heart rate data will also compliment many of our ongoing studies.  For example: 
1) Is there a simple correlation between resting metabolic rate and body condition or is this relationship confounded by other factors that could be affecting metabolic rate such as malnutrition, stress, disease or contaminant load (see Objectives 3, 4, and 10)? 
2) Are the animals that spend more energy foraging in poorer body condition?
3) Is there a difference in diet quality, as detected by blubber fatty acid and stable isotope analysis, between animals that spend more energy to forage compared with those that spend less (see Objective 3)?

The final application for these heart-rate and dive data will be their inclusion in a model that will incorporate estimates of energetic costs of living and foraging in a glacial environment (from ADF&G data and published literature), energetic costs of growth and reproduction (from published literature), and energetic costs of vessel disturbance (from ADF&G data). This model will be used to determine at what point cumulative effects of vessel disturbance could negatively affect reproductive success or survival.


Objective 10.	Determine the prevalence of infectious diseases and their impact on harbor seal populations in Alaska

Previously, collaboration was initiated with Todd O’Hara, DVM, Ph.D. toxicologist at UAF. A graduate student, advised by Dr. O’Hara, began analysis of samples from seals captured in Glacier Bay (GLBA) in 2004-07.  In a multi-agency collaboration between NPS, ADF&G, and UAF, several sources of funding were obtained to finance a more thorough screening of diseases for harbor seals, along with assessing trace elements, biotoxins, and their potential interactions that may affect the health of harbor seals in GLBA.  As funding allowed, archived 2003-05 samples from Prince William Sound (PWS) and 2007 samples from Kodiak were screened, along with 2008-10 samples collected from Tracy and Endicott Arms (Objectives 2, 4, 5b, and 9). Brucella results from Glacier Bay and Kodiak were highly variable depending upon the assays used. There was evidence of annual variability in exposure to Leptospira spp. and no evidence of Toxoplasma gondii or morbilliviruses were detected. Giardia was found in 6% of the fecal samples while Cryptosporidium was not detected (Hueffer et al. in press). Once that study has been completed we will determine whether additional disease screening is necessary for Glacier Bay as well as determining what screening should be done for TAFT samples. Prior to this UAF collaboration, ASLC had covered the cost of disease screening in recent years, but funds are no longer available from that source. ADF&G will need to pick of the costs of monitoring disease prevalence in harbor seals in Alaska in the future.  
	We will continue to collect serum samples from all seals that we handle in the future, providing samples to other researchers currently conducting disease screening (e.g., UAF), as well as archiving serum samples for future disease analyses. 

Objective 11.  Provide support to studies by other investigators that will lead to better understanding of harbor seals in Alaska and other areas.

	There are multiple questions relevant to harbor seal biology and conservation that cannot be addressed entirely by this program, thus we have promoted collaboration with numerous researchers and institutions to expand the breadth of questions that can be answered using seals captured in the wild under the MMPA research permit issued to ADF&G.  Samples are provided to individual collaborators to address specific research questions and later all data from all collaborators are expected to be synthesized to address broader questions. We will continue, to the maximal extent possible, to collect samples and make them available to other qualified investigators as well as providing logistical support for studies that enhance our understanding of harbor seals in Alaska.
   	During recent contract periods there have been extensive collaborations between ADF&G and researchers from ASLC, UAA, UAF, OSU, CSU, NMFS, and NPS.  In this contract period we will continue collaboration with our various collaborators to promote analysis and publication of results from our collaborative research.
	We continue to work with the Alaska Native Harbor Seal Commission (ANHSC) in whatever capacity we can, although their loss of funding for the biosampling program limits the extent of our collaboration. In the 2007-08 contract period we assisted the Hoonah Indian Association (HIA) to submit a USFWS for a Tribal Wildlife Grant proposal and received funding for 2007-09 to provide job skills to HIA members who aided us in our research in GB, as well as providing nutritional information about food (e.g., seals) subsistence-harvested by HIA in the Hoonah area. 
	In 2010 we initiated a new collaboration with Dr. Mevin Hooten at Colorado State University in which a graduate student in the Dept. of Mathematics and Statistics began work with existing data collected by ADF&G and the harbor seal research program. In 2002-04 and again in 2007, we collaborated with Kate Wynne of the University of Alaska to expand the Gulf Apex Predator (GAP) project to include directed research on harbor seals. In 2004, we established collaboration with researchers from the University of Wyoming to introduce a new avenue of genetic research for ADF&G and to conduct a feeding ecology study, which resulted in three publications and greatly increased our understanding of factors that influence movements of individuals and population dynamics of harbor seals.  We have also collaborated with universities in Canada, including the University of Saskatchewan (Dr. Gregg Adams, internationally-acclaimed theriogenologist), and Simon Fraser University in British Columbia. We recently provided logistical support and biological samples from seals captured in TAFT for a post-doctoral study conducted by a resident of France, studying abroad under the guidance of Dr. Shannon Atkinson at UAF; additional collaboration is currently underway with Dr. Atkinson and a master student regarding diet analysis of seals on Tugidak Island.

	

Subproject 2 Statement of Work 2011-2013

During this grant period a major emphasis will continue to be analysis of laboratory samples and data, and preparation of manuscripts. Several of the manuscripts currently in preparation represent the culmination of long-term studies. We anticipate completing several manuscript assessing vital rates using photo-matching and radio-telemetry, along with several papers assessing health and body condition relative to population trajectories in harbor seals. We are assessing covariates (e.g., weather, date and time, age and sex, and vessel presence) that influence attendance patterns of harbor seals at tidewater glaciers, and will continue data analysis and interpretation of our research investigating the physiological effects of vessel disturbance on harbor seals.

Our field work will continue to focus on the importance of glacial habitat to harbor seals.  As a result of several decades of intensive research on harbor seals using terrestrial habitat throughout Alaska,  we and other researchers have amassed a great deal of data on “terrestrial seals”, and management of harbor seals is based upon those studies. Our fieldwork in glacial habitat, initiated in 2004, has determined that seals using glacial habitat appear to have different life-history strategies that involve extensive seasonal migrations and different foraging strategies during spring and summer, compared to their terrestrial counterparts (Blundell et al. 2011). The pronounced pattern of seasonal use (Mathews and Kelly 1996) and the high proportion (relative to total numbers of seals in the area) of pups born at tidewater glaciers (Calambokidis et al. 1987, Womble et al. 2010) compared to terrestrial sites, along with telemetry (Womble et al. 2010) and genetic data (Herreman et al. 2009a) suggest that seals may travel from other areas to give birth in this habitat. Given the high numbers of pups born at glacial sites and the continuing decline in numbers, at least in Glacier Bay, it is likely that many pups born in glacial fjords emigrate to other areas, effectively functioning as source populations.  Moreover, although our sample size is small, movement studies (a collaborative effort between ADF&G and NMML) revealed that seals that were born at, or that pupped and/or bred in glacial habitat had moved to terrestrial sites by the time that annual abundance surveys were conducted. If this pattern is typical, the current estimate that approximately 10% of harbor seals in Alaska use glacial habitat (Bengston et al. 2007) may be a considerable underestimate of the important of this habitat for reproductive seals.  

 Our field work this grant period will collect baseline data from harbor seals utilizing glacial habitat in an area with minimal anthropogenic activity. Icy Bay, west of Yakutat in the Gulf of Alaska, hosts the largest aggregation of harbor seals (>5,000) at a single site in Alaska and perhaps in the world. Because of its location along the outer coast and distant from towns or cities, relatively few vessels visit the area. This ‘undisturbed’ population can be considered a control population; data on health, diet, body condition, and stress levels will be directly comparable to our data collected at two glacial sites that experience higher levels of vessel traffic. These comparisons will enhance our ability to understand the effects on harbor seals of disturbance from vessel traffic. Moreover, because up to 5,000 seals use Icy Bay for molting, and similar numbers are expected to use the site for pupping and breeding, it is important to obtain baseline data for the area prior to any loss of habitat. Due to the topography of steep-sided fjords, characteristic of most of these tidewater glaciers, glacial retreat to solid land generally doesn’t expose much terrestrial habitat suitable for seals to haul out on. Thus a spatial shift in harbor seal distribution will likely occur as these tidewater glaciers ground, which may have cascading effects on the marine ecosystem.  Knowledge of seasonal movements of seals tagged in this area may allow us to predict potential impacts as this habitat is lost.



Milestone Chart for Subproject 2 Harbor Seal Investigations for 2011/2013 NOAA Proposal
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PERSONNEL

	ADF&G employees will conduct the great majority of the proposed work.  The following table shows details of proposed involvement of ADF&G personnel; other ADF&G staff will be used to assist as needed. WB=Wildlife Biologist, WP=Wildlife Physiologist.
				         Months
Individual             	Position    (per calendar year)   	Assignment                                                                                                 
Gail Blundell		WB III		12	           Principal Investigator, project coordination, 					supervision, scientific review of studies, field 					work, data analysis, manuscript, grant/research 				             proposal, and report writing

Kelly Hastings		WB III		6		Data management and analysis of photo-identification images, Mark-recapture analysis, report/manuscript writing

Shawna Karpovich 	WP I		12		Field work and logistics, MMPA permit requirements, laboratory sample and physiological data analysis, and manuscript/report writing

Christine Schmale	WB II		12		Administrative assistance, field work and 				logistics, GIS data management and 					analysis, other data management 					report/manuscript writing

Grey Pendleton	Biometr. II	3		Statistical analyses, manuscript prep, aerial 								surveys


Justin Smith		Tech III	11		Coordination of logistics for fieldwork, inventory control, assistance with fieldwork, repair/maintenance of equipment and boats, data entry.

Jon Barton		Tech III	5.5		Coordination of logistics for fieldwork, inventory control, assistance with fieldwork, repair/maintenance of equipment and boats, data entry.

Vacant			Tech III	2		Tugidak Island fieldwork; pupping season photo-identification

Vacant			Tech III	2		Tugidak Island fieldwork; pupping season photo-identification

______________________________________________________________________________

	

PERSONNEL QUALIFICATIONS

	Gail Blundell received her Ph.D. in Wildlife Biology from UAF, which focused on form and function of social groups, sex-biased dispersal, and gene flow in coastal river otters in Prince William Sound (PWS). Prior to accepting her current position in 2002 as principal investigator for the statewide harbor seal research program for the ADF&G, Dr. Blundell spent the previous 8 years involved in several large ecosystem research projects in PWS.  She served as project leader for the river otter component of the Nearshore Vertebrate Predator (NVP) project, assessing the lingering effects of the Exxon Valdez oil spill on vertebrate predators, resulting in publication of a Wildlife Monograph synthesizing river otter data from the NVP study and another post-oil-spill otter study, and numerous other publications.  She also worked on synthesis of data from the NVP and Sound Ecosystem Assessment (SEA) projects (published in Ecology), and conducted research with the Alaska Predator Ecosystem Experiment (APEX) on seabird energetics.

	Kelly Hastings is a marine mammal biologist. She received her M.S. in Wildlife Biology from UAF, which focused on estimating age-specific survival of juvenile Weddell seals using mark-recapture analyses.  She worked on pinniped research projects for six years in Hawaii, Antarctica, and California, prior to joining ADF&G in 1998.

	Shawna Karpovich received her M.S. degree in Biology from UAF. Her research focused on the hibernation physiology in Arctic ground squirrels. She also has a fisheries background, which is a benefit to studies of a piscivorous predator. Shawna worked on several fisheries projects with the Alaska Department of Fish and Game assessing species presence and abundance in PWS or monitoring populations of herring, salmon and/or king crab in PWS, Kodiak, Norton Sound and the Yukon River.

	Christine Schmale is a Wildlife Biologist.  She received her B.S. degree in Marine Fisheries from Texas A&M University and her B.S. degree in Natural Resource Management from Sheldon Jackson College.  Christine has conducted GIS analyses working on several habitat projects with ADF&G including classifying nearshore marine and freshwater fish habitats. 

	Grey Pendleton is a biometrician.  He has an M.S in statistics and has twelve years experience as a consulting statistician with the U.S. Department of Interior, National Biological Service prior to joining ADF&G.
``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````

	The studies being proposed here must be authorized by a scientific research permit issued by NMFS.  The ADF&G currently has a permit (No. 358-1787) that authorizes it to capture, sample, and attach telemetry devices to harbor and spotted seals as described in this proposal.  That permit is valid through December 31, 2010. A new permit has been applied for and is expected to be issued as the current permit expires.
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DETAILED BUDGET

	The attached detailed budget is for Investigations of Harbor Seals in Alaska to be conducted by the Alaska Department of Fish and Game from 1 July 2011 – 30 June 2013. Salary rates shown are based on current rates as agreed upon between the State of Alaska and employee bargaining units.  Rates shown are a total monthly cost per employee, based on position classification and location, and are calculated by adding benefit costs to a base rate. Benefits cover retirement, terminal leave, Medicare, workers compensation, employee group health insurance, supplemental benefits system and unemployment insurance costs. Cost of living increases are governed by negotiations between the State of Alaska and employee bargaining units.

	Reimbursable Services Agreement (RSA) may be developed between a University and ADF&G for participation by University staff and students.  RSAs are administrative agreements between ADF&G and other state agencies for the performance of a service that involves the receipt or expenditure of funds.  The Finance Officer for the Division of Administration is responsible for review and approval of all RSAs. Fixed wing aircraft will be obtained in accordance with the State of Alaska, Standard Operating Procedures Manual for aircraft charter, Chapter III, Section 130.



SPECIAL AWARD CONDITION

Work shall not begin in Icy Bay (Objective 2a) until sufficient coordination with NMFS/AKR and NMML staff has taken place. Not enough foresight, collaboration or coordination (with NPS, the Yakutat community, and in particular, the harbor seal program at NMML) has occurred to assure that the proposed scientific design, methodology and approach (e.g., phasing in captures, coordinated region wide study, etc.) has been sufficiently developed to address the questions proposed by the Icy Bay objective. It is not clear that Icy Bay is the appropriate control site for work performed in Tracy and Endicott Arms. A more parallel site in which to conduct work may be LeConte Fiord. Details of where to conduct the field study shall be addressed collaboratively with NMFS AKR and NMML staff.    

Funds for this portion of the Harbor Seal Project will be approved ONLY on the CONDITION that the exact nature of work to be conducted under this sub-task (Icy Bay Research) will be further refined and restructured pending coordination and agreement between appropriate NMFS/AKR and NMML staff and after sufficient coordination with other affected non-NMFS parties.   

In addition to, or possibly in lieu of, novel field studies in this Fiscal Year, the applicant is encouraged to use the resources awarded in this funding cycle to develop a publication or publications from existing data that has been collected to date through previous field efforts. 

Publications based upon results of research supported directly, or indirectly, by this award should include the following acknowledgment: "This paper is a result of research funded by the NOAA Fisheries AK Region under award NA11NMF4390200 to the Alaska Department of Fish and Game."
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