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Objectives:

1. Estimate whole body, gonad, viscera, head, and somatic (remaining carcass) proximate content (lipid, protein, ash, and water) within four demographic groups of Dolly Varden Char prior to and post seaward migration.
2. Create best-fit linear models that estimate Dolly Varden energy content via bioelectrical impedance analysis (BIA) and test the accuracy of these models among demographic groups.
3. Correlate broad scale habitat variables to estimates of proximate content
4. Quantify abundance and diversity of Dolly Varden parasite populations.

Justification

Within the Arctic, global shifts in climate and existing and planned future development associated with hydrocarbon extraction have the potential to alter the quantity and quality of Dolly Varden (Salvelinus malma) foraging habitat (Gallaway et al. 1991, Reist et al. 2006).  However, quantifying the biological significance of such habitat alterations within natural populations has proven difficult in part due the inability to separate natural and anthropogenic sources of variation (Gallaway et al 1991, Griffiths et al. 1992, Griffiths et al. 1998, Brown 2008).  Currently, baseline data regarding seasonal and annual variability in energy (lipid, protein, ash, and water) content within North Slope Dolly Varden populations are lacking.  Previous research investigating trends in Dolly Varden condition (a surrogate for energy content) may be incomplete as the use of morphometric based condition indices and inappropriate sampling protocols likely marginalized results (Glass 1989, Underwood et al. 1996, Underwood et al. 1997).  Estimating energy content within and among years, demographics, and body components will characterize seasonal energy cycles, increase the understanding of the energetic consequences of reproduction and overwintering within arctic environments, and provide a relative means by which to access stock health annually as well as pre and post migration.  The latter may be of particular concern as somatic energy reserves influence Dolly Varden spawning interval and annual reproductive effort (Dutil 1986, Wootton 1998).  Additionally, these data will expand and facilitate the evaluation of bioelectrical impedance analysis (BIA) models, which estimate energy content non-lethally as a function of morphometric and bioelectric measures (Cox and Hartman 2005).  Currently there is a lack of data regarding the accuracy of BIA models among sexes and ontogenetic states.  By partitioning sampling effort into specific demographic groups the accuracy of BIA models can be evaluated.  Once tested, these models will provide a quick, non-lethal, and cost effective means of estimating Dolly Varden energy content in the field.  Finally, these data will provide a current assessment of Dolly Varden parasite populations.  Arctic warming and recent evidence of increased utilization of Arctic habitats by southern salmonid stocks may increase the chances of species introduction (Johannessen et al. 2004, Moss et al. submitted).  Research suggesting that recent associations of parasite and host are more likely to negatively affect individual physiology, and the lack of a survey in over 20 years, warrants an updated assessment of parasite populations (Murdy and McCart 1975, Henricson 1978, Dick 1984).
Background

The evolution of Amphidromy within Arctic populations of Dolly Varden is likely a response to food resources which are patchy in both time and space (Gross et al 1988).  During the brief North Slope summer most mature Dolly Varden undertake short ocean migrations to take advantage of abundant forage within nearshore estuarine habitats.  Approaching freeze up in fall, Dolly Varden cease feeding and return to freshwater habitats to spawn and abide the lengthy winter (McCart et al. 1972, Craig 1984).  Temporal limitations in resource availability and asynchronous peaks in energy acquisition (summer foraging) and expenditure (fall reproduction and over wintering) require the storage and subsequent mobilization of energy following the return to freshwater (Wooton 1998).  The result of such a capitalistic physiological strategy is an annual cycle of energy deposition and consumption.

In fish, lipids are the main form of accumulated energy that becomes mobilized during periods where the ingestion of food ceases or is reduced (Shul’man 1974).  Lipid content and other constituents where energy is stored (protein, and carbohydrates) can be estimated directly via proximate analysis; a process where fish are homogenized and energy constitutes (protein and fat) are extracted chemically.  However, research to-date regarding Dolly Varden condition (a surrogate of energy content) typically estimates condition based on fish morphology such as individual length and weight (Whitmus et al. 1987, Colonell and Gallaway 1990, Underwood et al. 1996, Underwood et al. 1997, Gallaway et al.1991, Fechhelm et al.1996).  While morphological condition indices are time and cost effective relative to proximate analysis, they may not adequately estimate the physiological well being of an individual.  Glass (1989), using traditional length/weight based condition indices failed to detect large reductions in lipid stores of a north slope population of Arctic cisco during winter.  He attributed this in part to increased rates of water uptake as lipid stores became depleted.  Thus, as energy gains or losses may not always be accompanied by proportional alterations to morphology, length and weight based indices can produce poor estimates of condition (Glass 1989, Sutton et al. 2000).  Further bias may be incorporated as most Arctic studies collect samples at fixed locations within nearshore areas during the Dolly Varden summer sojourn to sea.  While at sea, fish aggregate into a multi stock feeding assemblage with individuals traveling great distances in pursuit of forage (Furniss 1975.Griffiths et al. 1975, Everett et al. 1977, Krueger et al. 1999).  The inclusion of fluctuating proportions of fish from numerous populations and demographics within samples over time adds additional variation to and reduces the sensitivity of condition estimates as condition likely varies among these factors and in relation to migratory behaviors.
Char research utilizing proximate analysis has indicated the presence of substantial seasonal trends in energy content (Dutil 1986, Jørgensen et al. 1997, Jobling et al. 1998).  Jobling et al. (1998), studying an Arctic Char population in Norway found that lipid reserves may increase by up to a factor of five during a 40-50 day seaward migration.  Furthermore, fall and winter depletion of energy reserves has been reported to be as high as 50% with lipid reserves being reduced by 30-40% (Dutil 1986, Jørgensen et al. 1997).  On the North Slope, Fechhelm et al. (1995) and (1996) noted similar patterns of summer accumulation and winter depletion of resources in broad whitefish (Coregonus nasus) and Arctic ciscoes (Coregonus autumnalis).  Considering these factors, it seems likely that North Slope Dolly Varden would follow similar patterns of energy deposition and consumption.  However, analysis of length and weight data have yet to identify a consistent cycle (Whitmus et al 1987, Colonell and Gallaway 1990, Gallaway et al.1991, Brown 2008).
Within a population, differences in energetic strategies among demographics will result in variation in proximate content.  Females may invest and thus lose greater amounts of lipid relative to males during fall and winter reproductive and overwintering activities (Jonsson and Jonsson 1997, Jørgensen et al. 1997).  Sexual differences are believed to result from the production of gametes as eggs are richer in lipids than sperm. (Wooton 1998).  However, in males, energy expenditure related to the development of secondary sexual characteristics and nest defense may result in greater total energy loss (Jonsson et al. 1991, Jonsson et al. 1997).  Arguably more important is the variation in energy content stemming from differences in reproductive schedules among individuals.  Research suggests that Dolly Varden may not spawn in successive years, which implies that fish are unable to replenish energy reserves in one summer (Furniss 1975).  Thus at any given moment populations will consist of a spawning and non-spawning component.  Fish that spawn in the current year will likely have greater energy reserves relative to fish that are recovering from last year’s reproductive activities (Dutil 1986).  Distinguishing between these demographic groups is then essential to separate annual from demographic variability and obtain accurate estimates of energy content.
Annual variability in energy content among demographics is likely a response to fluctuating environmental conditions.  Research in this regard has identified numerous factors that potentially influence Dolly Varden condition.  Of particular importance may be the influence of water temperature as it regulates individual metabolism thus contributing to variation in condition (Elliot 1976, Gritsenko 1970).  Other variables that may be important are wind speed and direction, air temperature, ice cover, and salinity (Gallaway et al. 1991, Finstad et al. 2003). However, attempts to correlate measures of growth and condition to environmental variables have proven largely ineffective (Gallaway et al. 1991).  This may be due to a variety of factors including natural variability in fish populations and difficulties in quantifying environmental variables over large areas within such a dynamic system (Craig 1984, Whitmus et al. 1987).  Remote sensing techniques offer a possible solution but tend to be data limited within the Arctic owning to consistent cloud cover. Combining traditional data sets of wind characteristics, air temperature, and flow data with available remote sensing data in description of proximate content variation, as opposed to variation in morphometric based condition, is a new approach to the problem and may be more successful.
While likely a more sensitive measure of fish condition, proximate analysis remains a lethal procedure which requires substantial time and resources relative to morphological condition indices.  These factors likely restricted the use of proximate analysis in the past.  Recent development of BIA may produce estimates of energy content non-lethally in the field with minimal effort and at reduced cost relative to laboratory techniques.  Biological impedance analysis measures the resistance and reactance of a current as it is passes through a subject.  Estimates of the proximate composition of an individual may be produced by developing linear regression models that relate BIA measures to laboratory derived estimates of water, ash, protein and lipid (Lantry et al. 1999, Cox and Hartman 2005).  Dolly Varden collected between 2003 and 2005 in Kaktovik and Jago lagoons are currently being used to generate such a model.  However, sampling methodologies prevented the collection of adequate numbers of adult fish to generate regression models necessary to estimate energy content within that particular demographic.  Therefore, additional adults must be collected and sacrificed to extend current models so to facilitate the estimation of energy content within adults non-lethally in the future.
The ability of fish to mobilize energy reserves from one body compartment to another over time and differing energy storage and mobilization strategies amongst sexes and ontogenetic states have raised concern that the accuracy of BIA methodologies may vary (Pothoven et al. 2008).  Of particular importance may be determining the energy reserves stored within the head of a fish as laboratory derived estimates of proximate composition from homogenized whole fish include this energy while BIA estimates do not.  As BIA is a relatively new technique in fish, there is currently a lack of research that investigates these potential biases and disagreement as to their potential influence.  By partitioning samples into specific demographic groups the accuracy of BIA models can be accessed.  Future efforts involving BIA can then be modified if shown to be particularly valuable within a specific demographic.
Previous studies of parasite populations and infestation rates of Dolly Varden inhabiting the arctic coast in the United States and Canada have identified at least 17 species (Murdy and McCart 1976, Craig and Haldonson 1981, West 1987).  In a review of Dolly Varden parasites from North America, Dick (1984) identified a total of 34 species.  For a given system it may be assumed that the relationship between char and parasite is relatively stable.  However, alterations such as increased connectivity to other systems may facilitate the introduction of new intermediate hosts and new parasites (Dick 1984).  Evidence of Arctic warming and the increased utilization of Arctic habitats by southern salmon stocks potentially increase the risk of the introduction of new fauna to Arctic regions (Johannessen et al. 2004, Moss et al. submitted).  This may be of particular concern as a recent association of parasite and host is more likely to result in mortality (Dick 1984).  Non-lethal effects of parasitism include increased susceptibility to disease, predation, and anthropogenic toxins as well as reduced growth and fecundity (Henricson 1978, Cutris 1984)
Ultimately, environmental stochasticity, parasite loads, and sex and ontogenetic differences in energy investment and expenditure combine to influence the physiological wellbeing of an individual and population.  Estimates of energy content may be better suited to detect alterations in wellbeing as sampling protocols and energy deposition and consumption strategies within the Arctic reduce the sensitivity of length and weight based indices.  Traditional measures were likely favored due to the substantial time and resources required to estimate energy content and the need to sacrifice fish.  Recent advances in BIA may allow the rapid assessment of energy content in the field.  Upon model formation, this tool could be applied to multiple drainages to produce a comprehensive evaluation of the health of populations.  Estimates of energy content have been used previously to access condition pre and post migration and in the evaluation of an individual and populations response to ecosystem change (Shearer 1994, Madenjian et al. 2000).  Considering the likelihood of an increased human presence on the North Slope and the importance of this resource to subsistence communities it is critical to accurately quantify the physiological well being of Dolly Varden to manage populations proactively as erosions in health may precede adjustments in abundance.
Methods

Site description– To reduce sources of variability in energy content among populations, fish will be collected while residing in freshwater as genetic research suggests mature individuals display some degree of philopatry to natal drainages (Crane et al. 2005)..  Although this approach does not assure the capture of fish exclusively from a single population it will likely reduce variability relative to previous sampling efforts in nearshore areas at a time when stocks are known to be of mixed origin (Krueger et al. 1999).  Sampling will take place on the Ivishak River, a north flowing tributary of the Sagavanirktok River (Figure 1).  The Ivishak River contains a large Dolly Varden population and the largest known overwintering aggregation on the North Slope (Vivant 2005).  Furthermore it is accessible by foot in fall and snow-machine in spring from the Daulton highway.  These two factors will substantially reduce the effort and resources required to conduct such field work relative to a more remote site as fish need to be frozen shortly after capture (described later).  Furthermore, as fish will be sacrificed increased abundance may reduce the impact on the population.  To facilitate efficient capture, spring sampling will be directed at areas where fish are known to overwinter (Figure 2) (Viavant 2005).  During fall, sampling will be conducted at sites accessible by foot on the lower Ivishak. 
Field sampling –To estimate the magnitude and variability of seasonal energy cycles, Dolly Varden will be sampled at a minimum, three times.  The first sampling event will occur as fish return to freshwater during the fall of 2009 when energy content is presumed to be elevated as a result of summer foraging in nearshore areas   The second event will occur prior to seaward migration during late spring of 2010 when energy content is presumed to be depressed resulting from a long overwintering period.  These two sampling events will provide an estimate of the energetic requirements of overwintering.  The final event will take place during the fall of 2010 as fish once again return from seaward migrations.  This and the spring sampling event will permit estimates of summer energy acquisition.  In order to capture year to year variability, sampling will continue for another three event cycle consisting of a spring, fall, and spring sample, or as funding permits.  Fish will be captured using a seine when possible and via angling elsewhere.  Catch will be partitioned equally amongst four demographic groups within the population: mature spawning female; mature spawning male; mature non-spawning male; and mature non-spawning female.  With the exception of juveniles, which data suggest are less that 450mm, demographics will be determined visually (Underwood 1996).  During spring, visually discriminating spawners from non-spawners may be difficult (Fred DeCicco personal communication).  Furthermore, particular demographic groups may be difficult to collect as ice cover will limit the amount of open water available for sampling and it is unknown as to whether demographic groups segregate themselves along the length of the river or within a particular overwintering site.  To maximize encountering each demographic, multiple open water areas will be sampled during the spring.  Furthermore, in the likelihood that spawners and non spawners cannot be determined visually, ontogenetic state will be determined by making a ventral incision to view reproductive organs (Yoshihira 1973, Fred DeCicco personal communication).  While this method will assure sufficient sample size it may result in additional mortality if an individual designated for a particular demographic group is found to belong to an alternate group which does not require additional sampling.  Every effort will be made to reduce additional mortality.  During fall, sampling may be broken up into two events as data suggest early migrants are predominately mature spawners with immature and mature non-spawners entering freshwater later in the fall (Furniss 1975).  However, an effort will be made to collect adequate numbers within each demographic during the first sampling event if possible.  Additional mortality will likely not be a problem during this event as visual discrimination of demographic groups will be possible.  
Ten individuals of varying sizes from each demographic will be collected at both sampling periods (fall and spring).  Once captured, fish will be sacrificed by cranial concussion, weighted to the nearest gram via electronic balance, and measured to the nearest mm fork length.  Fish will be blotted dry, placed on a non-conductive board and BIA measures (reactance, resistance and detector length) taken laterally and ventrally (Cox and Hartman 2005 Margraf unpublished data).  Internal temperature will be measured through the vent with a digital thermometer then each fish individually tagged, wrapped in plastic, and placed on ice in a cooler.  Due to the necessity of preserving tissue soon after capture, sampling events will be short in duration (generally less than 24hr.).  Fish will be transported to and kept frozen at an intermediate facility until all samples have been collected.  Upon completion of field work, samples will be transported to laboratories at the University of Alaska, Fairbanks for later analysis.
Habitat data – Habitat data will be acquired for the time period encompassing the study from a variety of sources.  Air temperature and wind speed and direction data collected at the Deadhorse Airport will be retrieved from the on-line database of the National Climate Data Center.  Flow data will be retrieved from stream gauges on the Sagavanirktok River and adjacent lotic systems.  Landsat and AVHRR imagery will be acquired over the study area during the open water season (approximately June 1st – September 30) and depending on data availability variables such as surface water temperature, cloud cover, and ice cover will be estimated.  Synthetic aperture radar (SAR) imagery will supplement existing imagery as available. 
Laboratory sampling–After thawing, a subsample of fish will be surveyed for parasites (Mudry and McCart 1976).  Stomachs will be removed prior to further analysis as gut contents may vary among individuals and bias estimates of proximate content.  Viscera, and gonad tissue will be excised and the head removed.  All tissues will be weighted to the nearest gram and the maturity of the gonads accessed (Yoshihara 1973).  Samples will be homogenized and 100ml subsamples taken and refrozen.  Each sample will be analyzed for water, fat, protein, and ash following standardized methods (AOAC 1990).  Quality control will consist of taking two independent measures for each proximate component.  If any two measures exceed a predetermined percent difference a third will be taken.  The final proximate value will represent an average of the repeated measures and expressed as a percent.  Estimates of whole fish proximate content will be garnered by multiplying proximate estimates by the weight of the respective tissue, summing across tissues, and dividing by the weight of the organism (Jonsson and Jonsson 1997).
Statistical methods—Multivariate analysis of variance (MANOVA) and analysis of variance (ANOVA) will be used to investigate differences in proximate components among demographics, tissues, and over time as constrained by factors such as sample size and the presence or absence of significant interaction effects.  Proximate analysis and BIA data will be combined with data collected in Kaktovik lagoon between 2003 and 2005.  Linear regression models for each proximate component will be developed from seven electrical property equations (Lukaski 1987) calculated from the combined lateral and ventral temperature corrected BIA measures and the length of the fish.  Potential differences in the accuracy of BIA estimates among demographics will be investigated by including demographic into linear models as a class variable.  The predictive ability of each model will be evaluated by plotting the laboratory determined value for each proximate component against the BIA model predicted value and accessing the r2 value.  Relationships between habitat variables and proximate component estimates will be explored using linear and non-linear models.  Parasite populations will be identified to genus, tallied and compared to populations observed in previous published accounts (Mudry and McCart 1976, Craig 1984)
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Figure 1:  Map showing the Sagavanirktok River drainage including the proposed study site; the Ivishak River.
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Figure 2:  Dolly Varden overwintering sites on the Ivishak River. (data from Viavant 2005).
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