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Purpose
This paper is intended to provide a brief overview of the rich and developing field of biotelemetry, or remote sensing of mobile organisms, with specific reference to those organisms that reside within and migrate through the Gulf of Alaska and the Prince William Sound and Copper River delta ecosystem. This paper can serve as an initial reference for those unfamiliar with the field of biotelemetry and as a bridge to additional information for those interested in furthering their understanding.  This paper includes a series of appendices with greater detail on specific aspects of the field of biotelemetry including a glossary of biotelemetry terms (Appendix A), a discussion of telemetry techniques (Appendix B); a listing of telemetry studies within the Gulf of Alaska (Appendix C); a listing of larger acoustic telemetry programs (Appendix D); and information on biotelemetry manufacturers (Appendix E).  
Introduction

In 2005, the North Pacific Research Board (NPRB) and Prince William Sound (PWS) Oil Spill Recovery Institute (OSRI) both completed comprehensive science plans for marine research needs in GOA and PWS (NPRB 2005; PWS OSRI 2005).  The NPRB Science Plan has eight primary research categories - lower trophic level productivity, fish habitat, fish and invertebrates, marine mammals, seabirds, humans, other prominent issues, and integrated ecosystem research programs. The first six represent major components of the marine ecosystem, while integrated ecosystem research is considered the most critical category, and is exemplified by  studies that cut across disciplines and build upon issues raised in other themes  (NPRB 2005).  The goal of the PWS OSRI is to combine hypothesis-driven long-term research with short-term process studies to understand mechanisms underlying long-term dynamics between the major coastal currents of the Gulf of Alaska (GOA), the coastal ocean, and the fauna and flora of PWS. Of particular interest is understanding the predominant causes of ecological variability (PWS OSRI 2005). 

Information on migration patterns and habitat use of fish and invertebrates, marine mammals, and seabirds are needed to make ecologically sound and effective management decisions.  At the same time, determining numbers and rates of animal movement can help elucidate trophic characteristics of the marine regions being studied.  Marine fish exhibit large seasonal movements that influence overlap of predator and prey, as well as seasonal availability of fish to commercial fisheries.  Some species are almost entirely independent of benthic habitat, they may be closely dependent on particular bottom structure, or require overwintering areas along the outer shelf and shallow waters for spawning.  Similarly different critical life stages may be associated with particular habitats, as well as connectivity between them.  There is also a need to elucidate migration patterns for seabirds and marine mammals, especially as they relate to variations in the ocean environment. How will these migration patterns be impacted by climate change? To what extent do migrations and foraging activities overlap the presence of major commercial fisheries? What are the pelagic distribution and abundance of seabirds and marine mammals?  Research in this category may also help explain contaminant loads. For example, harbor seals have lower levels of persistent organic polychlorides (POPs) in PWS than specimens from the Pacific Northwest. Some fur seals from St. Paul have shown higher concentrations than ringed and bearded seals from the Bering Sea or from Prince William Sound. Such results may result from large migrations that occur to areas far south of Alaska where contaminant loads are much higher (NPRB and PWS OSRI 2007 Priorities).  

The field of biotelemetry encompasses a growing number of disciplines ranging from medical telemetry for patient monitoring and human research to studies on fish and wildlife that address natural history and resource management issues.  Unprecedented advances in electronics and telecommunications are providing new approaches and tools for scientists in these fields.  These advances can substantially enhance the ability to meet research or management goals, yet it is quite challenging to keep up with the available technology.  The marine waters of the NE Pacific including the GOA with its size, remote nature, and abundant migratory fish and wildlife make it an ideal region for a variety of biotelemetry applications.  
Overview of Telemetry Technology 
Biotelemetry is the remote measurement (telemetry) of biologically relevant data, including behavioral, physiological, or environmental data.  Data is telemetered through the use of electronic tags.  Electronic tags can be divided into three basic categories to include transmitting, data storage or archival, and transponding. All of these systems operate on the premise of transmitting information from an organism to researchers in the form of sound energy transmission, either in radio (20 to 400 MHz), acoustic (or ultrasonic) (20-300 kHz), or satellite (UHF 401.650 MHz) frequencies.  See Appendix A for a glossary of telemetry terms and Appendix B for more discussion of telemetry types.
A transmitter emits or sends information (data) to a receiver. This transmission most typically occurs by means of radio waves through air and by acoustical waves in water or by optical emitters.  Acoustic telemetry is used in brackish and saline water or in deep bodies of freshwater such as lakes and reservoirs.  Radio telemetry is used for transmission in air or through shallow depths of freshwater.  Satellite telemetry uses a platform transmitter terminal (PTT) attached to an animal which sends an ultra high frequency signal to satellites (Argos).  An archival tag is a recording device that stores (archives) sensor data on some recording medium or in solid state (electronic) memory for later retrieval. Also called a data recorder or data storage tag (DST).  The DST must be recovered to collect data stored in memory.  Another version of this tag type is the pop-up satellite-transmitting archival tag (PSAT).  The PSAT can be used for large fish and other animals that do not remain at the surface for long periods of time. The PSAT collects and stores data throughout its deployment. It releases itself from the animal and floats to the surface on a user-specified date. Data are then transmitted to the Argos system.
Transmitters can include sensors to detect light intensity, water pressure, water temperature, salinity, internal body temperature, respiration, heart activity.  Archival tags may function simply as data loggers that measure temperature and water depth or as programmable devices capable of recording direct estimates of the geographical position of a fish at regular intervals over periods of months to years. Archival tags can record environment parameters such as temperature, depth, salinity, pressure, light and chemical and physiological indicators at set intervals (Cooke et al. 2004).   
Transponders are typically known as passive-integrated-transponders (PIT) tags.  PIT tags are miniaturized radio-transmitters encapsulated in a small glass cylinder. The PIT tag does not contain any power source, therefore known as "passive,” but is instead energized by the electric current induced in a very small, densely wound coil.  All other electronic tags are known as “active” tags as they have their own power source.
Transmitter selection and attachment methods for birds and mammals (and fish) should follow the guidelines suggested by  Mech (1965): minimum weight, minimum effect on the animal, maximum protection for the transmitter, permanence of the attachment, and maximum protection of transmitter from animal mortality factors such as predation and accident.   

Although biotelemetry offers advantages few other technologies have, it still presents technological challenges for researchers investigating small organisms. The rule of thumb is that to minimize stress and effects from tagging and tag burden, such as increased energetic expenditure, altered behavior, and reduced fitness, a telemetry tag should weigh 2% or less of the body weight of the subject (Wright 1983; Cooke et al. 2004). For small animals, size and mass of sensors limits the kind or number of variables that can be measured. Battery size is also a constraint.  Batteries tiny enough for small animals might be exhausted so quickly by the continuous transmission of data that records are too short to be useful and the power produced by such a small battery reduces the transmission range of the tag often by ½ or more from the next largest tag.  The smallest acoustic tags currently used for fish studies range from 0.6 g to 1.6 g. The smaller tag can be used in salmon smolts as small as 30 g (approximately 90-100 mm) while the larger tag can be used in salmon of 80 g (approximately 180 mm or larger).  The life span of the smaller tag is 14-21 days while the larger tag is 85-90 days.  Even with these small tags, to date there have been no acoustic tracking studies of marine forage fish such as Pacific herring, sand lace, or smelt.   
Attachment methods for fitting transmitters to birds vary widely. Examples include transmitters with whip antennas fitted to backpacks with attachment loops under the wings; loops meeting near the breast, or loops under the legs; loop-antenna harness-chest packs; whip antennas adhered directly to tail feathers; collars, neck band mounts, or necklaces; and leg-band transmitters.  Other methods include suture-only attachments; adhesive-only attachments; suture and adhesive attachment; patagial band mounts; and surgical implants (Mech and Barber 2002). 

Collars have traditionally been used to fit transmitter packages on mammals with prominent necks, large ears, or horns/antlers since these structures help prevent the collar from slipping over and off the head of the animal. Some mammals do not retain collars well since they do not have prominent necks, mammals such as dolphins have instead been fitted with backpack harnesses (Jennings and Gandy 1980). Tail harnesses have also been used to fit animals with short stocky necks such as manatees (Priede and French 1991). Some alternatives to applying collars or harnesses on mammals include ear-tag transmitters and transmitters fixed with adhesive or suction directly onto the mammal such as seals and killer whales (Hastings et al. 2001; Rehberg and Small 2001; Baird et al. 2005).   Surgically implanted transmitters such as subcutaneous transmitters or abdominal transmitters represent other attachment alternatives used in aquatic mammals such as river otters and sea otters (Reid et al. 1986; Ralls et al.1989).
Transmitter attachment methods in fish can be internal or external.  Internal attachment is considered invasive (especially in smaller animals), requiring surgical implantation or gastric insertion in certain situations. External attachment is often used with archival tags.  This attachment method (usually on the dorsal side of the body) is being used in a number of species, size and age classes (Block et al. 2002; Seitz et al. 2003; Walker et al. 2005; Wilson et al. 2005), but it may cause more  complications. Externally attached tags may cause increased drag and affect swimming speed and energy expenditure. They may also cause abrasions or snag on objects and dorsally attached tags can disrupt balance (Winter 1983). Internal implantation avoids some of the problems associated with external attachment, but results in its own set of complications.  The best option for internal implantation is surgical, but these procedures are invasive, take longer to perform, require more handling, require anesthesia and longer recovery periods, and bring the risk of infection, especially in warm water (Winter 1983; Thorsteinsson 2002). 

The range of detection of transmitters varies between terrestrial and freshwater systems, in which radio frequencies travel well, compared with ocean and estuarine waters, in which ultrasound is used. Radio signals can be heard kilometers (km) to tens of km from the transmitter.  Animals (fish and wildlife) can be tracked using fixed receiving stations (land/water) or by mobile (manual) tracking where animals can be tracked by air (plane), land (car), or water (boat).  Satellite tracking employs a much higher-powered transmitter attached to an animal. The signal is received by satellites and the animal’s calculated location is sent to a researcher’s computer.  By contrast, acoustic transmitters achieve a much smaller range – from 100 meters (m) up to a maximum of 1 km (much lower range with background noise) and suffer from strong attenuation and reflection or refraction of signals (multipath).  Animals can be tracked using underwater (moored) receivers and by mobile tracking by boat.  The terms “passive” acoustics refers to the use of moored receivers and “active” acoustics refers to manual tracking, as opposed to use of “passive” and “active” as power sources in tags. New applications include linked receiver networks allowing tracking of organisms in three-dimensions (horizontal and vertical position) using either radio or acoustic telemetry (O’dor et al. 1998 and 2001; Steig 1999; Grothues et al. 2005); and tracking marine animals over great distances using acoustic “curtains” or lines of linked or single receivers at key migration points (Welch et al. 2003; Stark et al. 2005; Heupel et al. 2006a).  

Acoustic telemetry was used for study of fish movement as early as 1955 when the National Marine Fisheries Service attached 132-kHz tags to adult chinook and coho salmon (Trefethen 1956).  Radio telemetry has been used to study wildlife since 1963 (Mech and Barber 2002), while satellite telemetry has been used to study wildlife and pelagic fish since the early 1980's (Seegar et al. 1996) .  A recent innovation is the creation of combined acoustic and radio telemetry (CART tag) where transmitters can oscillate between radio in freshwater to acoustic in saltwater (Niezgoda1 et al. 1998). Since these initial studies, these telemetry types have been used worldwide to track movements of many fish and wildlife species, from invertebrates such as squid and crabs (Stone et al. 1993; Stark et al. 2005), to fishes, mostly notably salmonids (Thorsteinsson 2002), marine mammals such as sea lions, whales, and manatees (Reid 2001, Bloch et al. 2002), reptiles such as sea turtles (Keinath et al. 1989) and numerous terrestrial wildlife species (Mech and Barber 2002).   The use of internal tags, especially PIT tags, has become increasingly popular since their introduction in the early 1980s. PIT tags are used to identify hundreds to millions of individual fish passing through fish bypass systems on the Columbia River (PSMFC 2000).  

The use of electronic tags can be organized by the type of telemetry, by the ecotype to be studied, and by the type of organism occupying that ecotype (Table 1).  Ecotypes correspond to general ecosystem types used by major animal groups – aerial – bird migration; terrestrial  – mainland and island areas used by birds and mammals; freshwater – anadromous and freshwater fishes and aquatic mammals; estuarine tidally-influenced areas with brackish waters -  anadromous and marine fishes, marine invertebrates, and marine mammals; nearshore marine shoreline areas to 20-m depth (photic zone) – benthic invertebrates, anadromous and marine fishes, marine mammals; pelagic offshore waters beyond nearshore – anadromous and marine fishes, marine mammals, and benthic invertebrates:  seabirds are considered under terrestrial and aerial zones.
The sound properties of each telemetry type in air, freshwater, brackish and saltwater dictates where that type can be used.  Radio and satellite telemetry can be used with any organism that spends time in air – on land or water, or in shallow freshwater.  Acoustic telemetry can be used in brackish and marine waters and in larger/deeper freshwater areas.  CART tags can be used in all environments.  Archival tags can be used in most any environment but require collection of the tag.  Automatic detection of PIT tags requires that the animal be routed through an antenna system to energize the tag.  
Table 1.  General telemetry types available for use by ecotype and major category of organism: archival tags are considered effective in all conditions.

	Ecotype
	Organism
	Satellite 
	Radio
	Acoustic
	Combined

Radio/Acoustic

(CART)
	Passive Integrated 

Transponder 

(PIT)a

	Aerial
	Bird
	Yes
	Yes
	No
	No
	No

	Terrestrial
	Bird

Mammal
	Yes

Yes
	Yes

Yes
	No

No
	No

No
	No

No

	Freshwater
	Fish

Mammal
	No

Yes
	Yes

Yes
	Possible

Possible
	Yes

Yes
	Yes

No

	Estuarine
	Invertebrate

Fish

Mammal
	No

Yes

Yes
	No

Possible

Yes
	Yes

Yes

Yes
	Yes

Yes

Yes
	Yes

Yes

Yes

	Nearshore
	Invertebrate

Fish

Mammal
	No

Yes

Yes
	Possible

No

Possible
	Yes

Yes

Yes
	Yes

Yes

Yes
	No

No

No

	Pelagic
	Fish

Mammal
	Yes

Yes
	No

Possible
	Yes

Yes
	Yes

Possible
	No

No


a. PIT-tag application using automated receiver where the organism moves through a transceiver.  Any organism can be recaptured and scanned for tag so all organisms can be PIT-tagged.

Previous and Ongoing Telemetry Studies in GOA
There is a rich history of telemetry studies in the GOA and PWS.  Studies have been conducted using all telemetry types in all ecotypes and for all major organism types.  These studies include single studies by individual researchers and ongoing telemetry programs managed by university, tribal, state or federal agencies.  Appendix C provides a detailed listing of available studies and programs found through web and library searches.  Following is a brief summary of selected studies.

More than any other group, biotelemetry has been used to assess the impacts of the Exxon oil spill on seabirds and migratory birds.  These studies have been conducted over the past 15 years using radio and satellite telemetry tags or pop-up satellite tags (PSAT).  The total mortality of dead seabirds was directly assessed through radio tracking of carcasses following the spill (Ford et al. 2000).  One of the most unanticipated and revealing impacts of the spill on seabirds was exhibited by harlequin ducks- they suffered acute mortality during the spill and had continuing injury at the population level for years after the spill. Radio tracking revealed higher mortality rates in adult females that overwinter on heavily oiled Knight Island and Green Island than on unoiled Montague Island (Esler et al. 2000a, 2000b, and 2002).  Outside of the specific assessment of oil spill impacts, radio telemetry has been used to determine and evaluate the movements, foraging areas (relation to forage fish), reproduction, survival and habitat use of a wide range of seabirds, migratory birds and shorebirds including – pigeon guillemot, golden plover, western sandpipers, black-legged kittiwake, tufted puffin, spectacled and common eider, brandt, Canada, emperor and white-fronted geese.  These studies include ongoing radio telemetry programs through the Gulf Apex and Predator Prey (GAP) program,  Western Hemisphere Shorebird Reserve Network (Copper River Delta), and the U.S. Geological Survey Banding and Radio Telemetry, and  Seabirds, Forage Fish, and Marine Ecosystems programs (see Appendix Table C-1).  
Satellite telemetry has been used to study other GOA long-range migratory birds including -  red-throated, yellow-billed and common Loons, common and thick-billed murres, tufted puffins, sandhill cranes, common, king, spectacled and Steller’s eider, Barrow’s and common goldeneye, oldsquaw, common and red-breasted merganser, surf and white Scoters, and tundra swans.  Studies have looked at the comparative ecology of loons, season movement and pelagic habitat use of murres and puffins, and migration of Steller’s eider and threats from oil spills.  The Seaduck Joint Venture (http://www.seaduckjv.org/index.html) is one major program that includes many of the seabirds monitored through satellite telemetry (see Table C-1).
Unlike seabirds, radio telemetry has not been used as extensively in the study of marine mammals.  In the GOA, harbor seals have been studied to assess the reasons for the sharp population declines in PWS and to develop quantitative models of foraging behavior.  Radio telemetry was also used to determine the survival of sea otters following the Exxon Valdez spill and to assess the success of California sea otter relocations (Ballachey et al. 1992; Ralls et al. 1992; Bodkin et al 2002).  Satellite telemetry has been the predominate telemetry technique to study large marine mammals in the GOA including Stellar sea lions, harbor and elephant seals, Beluga and humpback whales.  This method has been applied to determine the recovery success of rehabilitated harbor and elephant seals, the local and long-distance migration of humpback whales from Hawaii to the GOA, and the wintering grounds of beluga whales providing information to assist in evaluating mercury bioaccumulation and for sustainable harvest (see Appendix Table C-2).  
In the GOA, archival tags have been used or evaluated by the USGS in Pacific halibut (with PSAT) and post-smolt hatchery coho salmon (with DST), by NMFS with Steller sea lions (PSAT), and by  University of Alaska and ADFG for harbor seals (PSAT).  In fish studies, the PSAT tag proved useful for the study of halibut, one of the fish applications with demersal fish, with measurement of geographic position, temperature, and depths over an extended period of time (Seitz et al. 2003).  In the study of coho salmon, researchers hope to document critical marine habitats (location, depth, time) and their relationship to the health and survival of salmonids in their first year at sea (Wilson et al. 2005).  In the study of harbor seals, a variation of the DST is used called the time-depth recorder (TDR) or satellite-transmitted TDR (STDR).  The harbor seal study is part of the GAP study (Harper and Wynne 2005) (See Appendix Tables C-2 and C-3).  

A priority of the North Pacific Research Board (NPRB) is to study factors affecting western Alaska salmon stock dynamics, mortality, and migration.  The North Pacific Anadromous Fish Committee has funded tagging of Pacific salmon with DST tags in the NE Pacific and Bering Sea since 1998 to gather information on daily behavior and the range of temperatures fish encounter (Walker et al. 2000).  Since 1998, hundreds of salmon have been tagged in the Bering Sea.  Recovery rates from 1998-2004 ranged from 2.9-19.1 percent with an average return rate of 9.1 percent.  Results have shown clear differences in behavior of salmon species, with sockeye and pink salmon remaining in near surface waters, chum salmon undergoing large daily vertical migrations, and chinook showing an unusual holding pattern in deep, cold water (Walker et al. 2005) (See Appendix Table C-3).   

Radio telemetry has been used to study the migration and habitat use of adult Chinook salmon, coho salmon smolts, and adult cutthroat trout in the Copper River delta and mainstem.  These studies were undertaken to develop a long-term monitoring program to improve fisheries management of the salmon stocks, identify critical delta habitat for smolts, and to assess the impact of road crossings on upstream fish passage of trout (Smith et al. 2005; Jurica et al. 2005; Saiget 2005).   Radio telemetry has been the primary biotelemetry method in studying the movements and habitat use of freshwater fishes around the world.  In large rivers and lakes, acoustic and radio telemetry are often used (Thorsteinsson 2002; Reine 2005).  Both methods are used often in tandem with PIT tags to evaluate the effectiveness of fishways, channel modifications, and flow manipulations in maintaining or improving the migrations of salmon and trout in Pacific Northwest rivers.  Using data from these studies, mortality risk models have been developed to predict the likelihood of migration success depending on river flow and temperature conditions and to predict the consequences of climate change (Cooke et al. 2004).
Satellite telemetry has played a prominent role in the study of salmon sharks, an apex predator, in PWS.  The Tagging of Pacific Pelagics (TOPP) program is an initial project of the Census for Marine Life (CoML) intended to study the migrations of large migratory mammals and fish (Block et al. 2002; and Appendix D).  The study of salmon sharks is a prominent component of the TOPP program.  The management issue driving the research is the unknown effects of increasing sport fisheries, that more information is needed on the annual and seasonal movements of these sharks.  Since 2002, over 51 sharks have been marked with satellite tags – single and dual tags of Argos and PSAT – documenting the shark range.  Some sharks migrated rapidly southeast to Canada, while others remained to overwinter in the PWS and the GOA (Hulbert et al. 2005).  In combination with the foraging range data, other methods identified that while salmon is the primary prey from July to December, these sharks are opportunistic, feeding on a wide variety of prey items.    These foraging habits may explain the varying migration routes (Hulbert et al. 2005, Weng et al. 2005).  
In PWS, there have been few acoustic telemetry studies of anadromous and marine fishes, despite the rapid evolution of acoustic technology and developing world wide applications.  GOA and PWS studies have included: evaluating impacts of seafood waste discharge in Orca Inlet by tracking fish-heads,  tracking ling cod and rockfish use of marine protected areas, and documenting the migration of adult steelhead into and out of Alaska rivers (see Table C-3).  
The study of anadromous and marine fishes and mammals in nearshore and pelagic areas has undergone a minor revolution over the past 15 years with the major advances in acoustic telemetry technology.  These changes include the development of miniaturized transmitters (Voegeli et al. 1998), three-dimensional tracking systems (Niezgoda et al. 1998; O’Dor et al. 1998, 2001; Steig 1999), low-cost receivers and acoustic curtains (Stark et al. 2005; Heupel et al. 2006a and 2006b), and evolution of multi-scaled marine observing programs (local, regional, national, and international) to include passive acoustics in a bundled telemetry system (Grothues et al. 2005; Ocean Tracking Network – See Appendix D).  Outside PWS, the Pacific Ocean Shelf Tracking (POST) project is a pilot project of the CoML to develop a continental-scale acoustic telemetry network allowing monitoring of ocean migrations of a wide variety of species (Welch et al. 2003). The POST project has deployed one acoustic “curtain” off Graves Harbor, Alaska and has documented continental shelf migration tracks through the GOA for British Columbia and Washington salmon and steelhead smolts (see Appendix D for more details on POST).
The study of marine invertebrates through acoustic telemetry is a relatively new and lesser used technique compared to the longer history of fishes and marine mammals.  In the GOA, telemetry has been used to study benthic invertebrates - the giant octopus in intertidal areas, and red king, tanner, and Dungeness crab in nearshore and pelagic waters (see Appendix Table C-4).  Alaska Pacific University conducted a study of giant octopus in response to concerns that the Exxon Valdez oil spill had reduced the harvest of these animals:  octopuses are part of subsistence lifestyle and numbers of appeared to decline after the spill (http://marine.alaskapacific.edu/Marine/MAR%20Facilities.php).  The seasonal movements and habitat used by red king and Dungeness crab have been studied in waters of SE Alaska through the NMFS Auke Bay lab (Stone et al. 1993; Stone and O’Clair 2001), while tanner and Dungeness crab were to be monitored in an evaluation of marine reserves in Glacier Bay (Taggart et al 2002) (See Appendix Table C-4 for details and other references).
Biotelemetry Advantages and Disadvantages 

In a review of the field of biotelemetry, Cooke et al. (2004) stated that biotelemetry technology has great potential to advance research in basic and applied ecology studies, that incorporation of biotelemetry into broader ecological programs should bring new information that has previously been difficult to near impossible to collect from migratory animals using traditional methods, and that biotelemetry will certainly enhance research in the assessment of animal responses to anthropogenic perturbations and the development of life-history models and life-time energy budgets.  Biotelemetry is particularly interesting to researchers because of the accuracy of the data collected and the speed at which it can be done.  
Even with all the promise it holds, biotelemetry should not be considered a stand alone technology, but rather a complementary method to other existing and developing techniques:  examples include intrinsic genetic and chemical tags (body hard parts), external passive tags, internal passive tags, and transponders.  In some cases, biotelemetry is not yet even a viable method, mainly when the animal of interest is too small for tagging - forage fish in PWS are a current example of this case, although continuing miniaturization of tag components should ultimately permit tagging these fish.  In other cases, it cannot, on its own, answer all the questions arising in a study project, but it can greatly facilitate the application of other study and measurement tools.  Table 2 provides a detailed list of the benefits, limitations and challenges from biotelemetry techniques.
Biotelemetry has both a proven and developing track record as an accurate technique to assess a variety of ecological questions and anthropogenic actions (stressors and protections) with examples such as:
· Natural History – all telemetry types have been effective at identifying the distribution, migration patterns and habitat use of marine organisms of all kinds; 

· Predator Prey relationships – telemetry studies can establish distribution overlaps, identify numbers and rates of movements of predators and selected prey item, examples in GOA - biotelemetry is a prominent study component of the Gulf Apex Predator Prey (GAP) project, and the TOPP program has provided detailed information on the movements and foraging behavior of salmon sharks.
· Physical and Biological Coupling – the development of biophysical ocean observing systems opens a whole new realm of linked ecological studies, i.e., migration and climate change, etc. (see Appendix D).
· Commercial Fisheries and Marine Reserves – acoustic and satellite telemetry is being used around the world to evaluate the impact of commercial fisheries on local populations and mixed stock areas. Acoustic telemetry provides an accurate method to evaluate movements of marine fishes and invertebrates in and around marine reserves.
· Contaminant loading – telemetry studies are being conducted on flatfish use of contaminated sites in Puget Sound (M. Moser, NMFS, pers. comm.).  Telemetry is one of several techniques being used to evaluate sources of mercury uptake in Beluga whales in the NE Pacific.   

· Oil Spill Assessment – PWS and the Exxon Valdez oil spill provide the greatest evidence of the effectiveness of biotelemetry techniques used in direct and indirect evaluation of acute and chronic impacts.
The marine waters of the NE Pacific including the GOA with its size, remote nature, and abundant migratory fish and wildlife make it an ideal region for a variety of biotelemetry applications.  Implementation plans for the NPRB and PWS OSRI in 2007 emphasize the need for improved census methodologies and assessment techniques including means to track predator and prey fish migrations in relation to commercial fisheries.  New and existing biotelemetry methods of tagging and tracking marine organisms may offer the means to develop strategies to address multiple aspects of the NPRB and PWS OSRI Science Plans.  
Table 2.  Benefits, limitations and challenges of Biotelemetry research (adapted from Cooke et al. 2004).
Benefits
· Allows Linking of fields – Behaviors of free and wide ranging animals can be linked directly to external environmental conditions, geolocation and oceanographic, or internal physiological conditions.
· Individual based - Possible to characterize the variation among individuals and to recognize the range of  responses. 
· Continuous, real-time - Continuous data streams eliminate unknowns during periods when animals are not monitored and facilitate the detection of trends through time. Data can be collected on a diel basis and in harsh environmental conditions for extended periods without requiring continuous human support.  Most traditional mark and recapture studies are limited to collection of two data points: release location and capture location.
· Multi-scale – Opportunity to focus on behavior and physiology at a variety of scales (temporal, spatial or system).

· Energetic equivalents - Energy is a common currency in ecology and is essential for inferring the bioenergetic costs of different behaviors. Enables estimation of metabolic rate in the field.

· Unrestrained animals - In nature, animals face a suite of site-specific biotic (e.g. predation or habitat heterogeneity) and abiotic (e.g. weather) conditions that cannot be adequately replicated in a laboratory. Monitoring of unrestrained free-ranging animals in their own environment eliminates laboratory artifacts

· Potential to study endangered animals - Enables data collection without further imperilment from animals the populations of which are threatened with extinction; can eliminate the need for laboratory confinement.

· Limitations and Challenges

· Understanding patterns in the data – Produces large volumes of data and interpreting patterns can be extremely difficult; is most powerful when coupled with other techniques, including detailed visual and/or video observations, combining multiple sensors.

· Unfamiliarity with technological options - Most researchers are unfamiliar with options that modern microelectronics has provided for transmitting and receiving behavioral, physiological and microenvironmental variables. Greater communication and collaboration among researchers working in different fields and on different taxa might promote effective use of biotelemetry

· Cost - Cost can be high, in some cases leading to low sample sizes. However, must be contrasted with the benefit derived from data that cannot be collected using other techniques.

· Accuracy of measurement - Some forms of monitoring might fail to estimate accurately the geolocation, environmental conditions, rate of energy expenditure etc.  
· Need for calibration - Generally desirable to calibrate transmitters (usually to some energetic or environmental equivalent) and to verify their proper function using parallel lab techniques or additional environmental sensors.
· Statistical analysis and interpretation of auto-correlated time series - Because data can be collected in real time, there is the danger of collecting data sets that are difficult to manage. Because time series represent the repeated sampling of data from the same individual, data are nonindependent and could require complex statistical techniques that are poorly suited to these types of data. Can be addressed by monitoring large numbers of individuals with repeated measure designs, although larger budgets are then required.
· Burden on animal or Size Matters - Battery size and longevity continue to limit research on small organisms or long-term monitoring and also limits the complexity (mass) of the required circuitry – see the 2% rule. The types of transmitter and sensor, and the biology of the organism of interest will determine whether telemetry devices will be fully implantable or require the use of transcutaneous connections. Where possible, transcutaneous connections should generally be avoided owing to potential for damage or dislodging of transmitters and sensors, and possibility of infection.

· Specialized skills - Biotelemetry requires an understanding of basic electronics as well as a more specialized understanding of the fundamental biological variable being measured (i.e. use of heart-rate telemetry requires a basic understanding of cardiovascular physiology). Surgical implantation requires specific training that might require enlisting veterinarians for higher vertebrates.
· Ethical issues or Permit Requirements - It is usually necessary to obtain ethical or permit approval for invasive techniques on higher vertebrates.
· Translation to ecological scale problems - Some researchers whose work focuses on populations, communities, or ecosystems could find it difficult to view individual-based physiological, environmental or behavioral data in the context of broader ecological scale problems

· Availability and/or customization - The lack of commercial suppliers for many uses of biotelemetry can impede new researchers from adopting these techniques, so efforts must be taken to share technology among researchers. Where commercial equipment is available, the costs are high and will remain so until more researchers start using these technologies and/or unless they require manufacturers to produce competitive products with lower costs.
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