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Title: Foraging habitat, movements, and diving behavior of Alcatraz-breeding Brandt's Cormorants (Phalacrocorax penicillatus).





Objectives:


	(1)  To test the feasibility of radio telemetry of Brandt’s Cormorants by capturing and attaching radio 		tags to a small number of adult birds during their breeding season.





	(2) To track and follow tagged cormorants to their feeding locations using radio telemetry, and to 		document foraging location in relation to both bay-floor bathymetry and currents, as well as 			proposed bay-floor alteration projects including the San Francisco Airport expansion and sand 		dredging operations.





	(3) To sample prey type, water clarity, water salinity, sea surface temperature, and other habitat 			characteristics at foraging locations.





	(4) To attach time-depth recorders (TDRs) to a small number of breeding Brandt’s cormorants, and to 		recapture the same birds to retrieve data concerning dive duration, dive depth, and time of day.





Background:


A new breeding colony of Brandt’s Cormorants was established on Alcatraz Island in the early 1990s. Despite an approximate 50% local decline of this species, cormorants breeding on Alcatraz have thrived, exhibiting higher average reproductive success than their main population on the Farallon Islands. The Alcatraz colony has grown to over 200 breeding pairs over the past decade.





This success is surprising given the seemly unsuitable environment that Alcatraz and the San Francisco Bay provide this normally pelagic species. The Bay provides a relatively shallow, estuarine habitat in contrast to the coastal ocean environments where Brandt’s Cormorants are usually found. In addition, Alcatraz and its surrounding waters are subject to almost constant boat and air traffic, being located in one of the busiest urban centers in world. Alcatraz itself hosts four million visitors per year, as the star attraction of the Golden Gate National Recreation Area (GGNRA).





Cormorant reproductive success on Alcatraz tells that these birds must also be foraging with success, in and around the San Francisco Bay.  Cormorants have a small wing-to-body mass ratio, restricting their foraging trips to waters close to their colony during the breeding season. Studying foraging patterns of Brandt’s Cormorants will help elucidate what makes the San Francisco Bay attractive to a normally ocean-going species.





Seabird feeding activity and behavior are also indicative of habitat productivity, prey type and availability, and ocean conditions. Preliminary studies of the multi-species feeding flocks in which Brandt’s Cormorants participate show much variation and movements both inside as well as outside of the bay, indicating changing resources (PRBO, unpublished data). In a study now being conducted of regurgitated Brandt’s Cormorant pellets, prey fish are being counted and identified by otoliths, showing predominate prey types and to what extent the birds differentially rely on them. Precise foraging data, when combined with concurrent feeding flock and prey otolith studies, promises to produce new insights into San Francisco Bay ecology, productivity, and associated metapopulations.





In addition, several development projects currently threaten to irrecoverably alter the underwater seascape of the San Francisco Bay.  Foraging and related data can help to provide informed decisions and recommendations to governing authorities in order to protect the resources of declining Brandt’s Cormorants, and to preserve the health of the San Francisco Bay ecosystem. 


�Remote telemetry techniques, including radio tracking and TDRs, have already been used with success on several other cormorant species. The movements of Double-crested Cormorants (Phalacrocorax auritus) have been recorded using both radio and satellite telemetry, and the foraging and diving behavior of Shags (Phalacrocorax aristotelis), and Great Cormorants (Phalacrocorax carbo) have been examined using attached TDRs and tracking devices (King 2000; Wanless 1991a; Wanless 1991b; Gremillet 1998).





Attaching radio tags and TDRs to Brandt’s Cormorants therefore seems a safe and effective way of studying their foraging techniques and dynamics. The data from such a study can provide a first look into the diving and feeding behavior of an under-studied, locally-declining species, and in addition, contribute to a much needed understanding of the San Francisco Bay marine ecosystem.





Methods:





	Study Timeline


Capture and tagging of birds will occur approximately one week after chick hatching at targeted nests, traditionally around the first week of June (Thayer 1999). This timing of capture minimizes the potential of injuring eggs or small chicks during trapping, as the chicks will be larger and more hearty. During the course of a week, we plan to attach VHF radio tags to 15 different birds, and time depth recorders (TDRs) to two birds. 





Radio-tagged cormorants will be tracked to feeding locations at least two days per week following tagging, up until chick fledging. Researchers will follow cormorants by boat on several of these occasions to gather feeding site data including sea surface temperature, an accurate GPS reading of foraging location, turbidity, and prey type, if possible. After the breeding season, birds will be located twice a month in order to assess seasonal movements, or until the radio tags stop functioning.





The TDRs will be allowed to collect data for two weeks. After two weeks we will re-capture the 2 birds fitted with TDRs in order to retrieve dive data, in time to assure that chicks have not fledged and the tagged parents have not left the area. 





	Capture Technique





We plan to capture breeding Brandt’s Cormorants using a neck noose attached to a long pole. In several places on Alcatraz, Brandt’s Cormorants nest just below man-made walls and walkways that allow a concealed approach to the colonies. From this relatively obscure location, a bird can be noosed and then lifted out of the colony by a net pole. By using poles from these locations we avoid having to enter the colony or climb on the cliffs, thereby minimizing disturbance to the colonies and creating no personnel safety issues. 





All captures will take place at night, to minimize disturbance to the colony. Based upon previous nighttime egg collection with poles in the Alcatraz colonies, we feel confidant that this can be accomplished with a minimum of disturbance to other breeding birds. Birds disturbed during previous efforts constituted individuals only within several nests of where we were working, and once flushed, birds immediately attempted to return to their nests. (PRBO, unpublished data) Furthermore, in the dark predatory gulls cannot see eggs or chicks exposed by flushed cormorants.





	Capture Location





Cormorants will be captured from the Model Industries, Northern sub-colony, and Southern sub-colonies on Alcatraz. Care will be taken to avoid capturing or disturbing birds in baseline study plots, in order not to jeopardize long-term breeding studies, and to provide a control to which we can compare processed and tagged birds. Our specific target site are below the wall in Area 3 of the Southern sub-colony, below the wall adjacent to Barker Beach in the Northern sub-colony (North Colony South), and below the walkway in the Model Industries sub-colony (Model Industries North). 





Area 3 is readily visible from the observation blind, and cormorants tagged their can be carefully monitored for adverse reactions to attached instruments, such as behavior changes and excessive feather wear. Although studies on similar species have detected little impact of instrumentation, Brandt’s Cormorants themselves have never been the subject of such a study and it will be important to be able to observe their reaction to the procedure and attached tags. The other two capture sites, in the Northern and Model Industries sub-colonies, are not as easily observable, but by taking birds from a variety of areas we minimize disturbance to any one area. 


	


	Instruments and Attachment 





Radio transmitters will be manufactured by Holohil Systems LTD., a company with experience in providing telemetry solutions for cormorants and other aquatic birds. The transmitters will be a custom-built model based on the RI-2C model transmitter designed from diving birds and waterfowl. They will be hydrodynamic in shape, able to withstand diving depths of greater than 50 meters, and weigh ~15 grams, or less than 1% of a Brandt’s Cormorant’s body weight. Transmission antennas will be 10 inches in length. 





TDRs will be manufactured by Little Leonardo Co. Ltd., who have deployed instruments on similarly sized cormorants in Japan. These instruments are capable of logging depth, temperature, and time every few seconds for the length of deployment. They weigh 16 grams, or less than 1% of a Brandt’s Cormorant’s body weight.





Both types of instruments will be attached using a combination of marine-grade non-biologically reactive epoxy and cable-ties. They will be attached centrally on the dorsal-side of the bird, in between the wings and shoulders, where they will interfere minimally with both flight and diving. The cable ties will be used to hold the instrument to feathers, and the epoxy will provide re-enforcement.  Attachment of instruments (and removal, in the case of TDRs) causes some associated feather wear, but the small size of instruments, previous studies concerning epoxy-attachment methods, and molting of feathers assures that behavioral impacts are small and not permanent. To follow any long-term effects, as well as allow visual identification on the colony, all captured cormorants will be fitted with metal USFWS bands and individual color-band combinations. We estimate the total capture and process time to be ~10-15 minutes for each bird.





	Tracking and Data Collection





Tracking of radio-tagged birds will be accomplished though triangulation using three different radio receivers. The receivers will also be manufactures by Advanced Telemetry Systems, INC., model number R4000. One receiver will be positioned at Pt. Bonita outside at the entrance to the San Francisco Bay.  It will be unmanned, and attached to a data logger for later retrieval of frequencies and data. The two other receivers will be used by researchers, who will move about the bay area by boat and car in order to better target the birds, and complete triangulation.





Cooperators:


Point Reyes Bird Observatory


Golden Gate National Recreation Area - Alcatraz Island





Personnel:


Design: B. Saenz ,  J. Thayer,  and W. Sydeman


Data Collection:   B. Saenz , J. Thayer


Data Analysis: B. Saenz ,  J. Thayer,  and W. Sydeman


Publication: B. Saenz ,  J. Thayer,  and W. Sydeman
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