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Abstract.—We modified a subcutaneous anchor attachment and achieved transmitter reten-
tion times that exceeded those reported previously for other attachments used on alcids.
Traditional suture and epoxy attachment methods were used on Xantus’ Murrelets in 1995
and 1996, while the modified attachment was used for Xantus’ Murrelets in 1996 and 1997
and Marbled Murrelets in 1997. Modifications included use of an inhalant anesthetic, placing
the anchor in a more cranial position on the back, application of marine epoxy, and place-
ment of a single subcutaneous non-absorbable suture at the caudal end of the radio to hold
the radio in place initially. We located 22 of 56 (39%) Xantus’ Murrelets radio-marked using
suture and epoxy during aerial surveys in 1995 and 1996. Of birds radio-marked using the
subcutaneous anchor attachment, we located 92 of 113 (81%) Xantus’ Murrelets marked in
1996 and 1997 and all 28 (100%) Marbled Murrelets marked in 1997 during aerial surveys.
The maximum confirmed duration for the subcutaneous anchor transmitter attachment was
51 d for Xantus’ Murrelets and 78 d for Marbled Murrelets versus 41 d for the suture and
epoxy attachment used on Xantus’ Murrelets. Recapture rates of radio-marked Xantus’ Mur-
relets were similar to recapture rates of unmarked Xantus’ Murrelets. Our post-release ob-
servations indicated negligible short-term physical effects from the attachment procedure,
while telemetry data and examination of recaptured murrelets indicated no evidence of
infection or other long-term physical effects. Breeding behavior of some murrelets was not
disrupted; however, further evaluation of potential effects of this attachment technique on
breeding and behavior is needed.

CONECTOR SUBCUTANEO DE TIPO ANCLA AUMENTA LA RETENCION DE
RADIOTRANSMISORES EN SYNTHLIBORAMPHUS HYPOLEUCUS Y
BRACHYRAMPHUS MARMORATUS

Sinopsis.—Modificamos un conector subcutaneo tipo ancla y obtuvimos retencién del trans-
misor por tiempos que exceden los reportes previos para otros conectores usados en alcidos.
Se usaron métodos tradicionales de sutura y de cola en Synthliboramphus hypoleucus en 1995
y en 1996, mientras que el accesorio modificado se utilizo en Synthliboramphus hypoleucus
en 1996 y 1997, y en Brachyramphus marmoratus en 1997. Las modificaciones al accesorio de
ancla incluyeron: 1) el uso de un anestésico inhalante, isoflurano, para facilitar la adhesién
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del radiotransmisor; 2) el colocar el ancla mas hacia el craneo en la regién dorsal de las
aves, en comparacion con la localizacion mas caudal del ancla en aves; 3) el uso de pega-
mentos marinos para fijar inicialmente el radiotransmisor en su lugar hasta que una reaccién
de tejido fibroso saludable fijara el ancla a las aves; y 4) la colocacién de una sola sutura
subcutanea no absorbable en el extremo caudal del radiotransmisor.

Localizamos 22 de 56 (39%) de los Synthliboramphus hypoleucus radio marcados con sutura
y pegamentos durante los censos en 1995 y 1996. Con los radio transmisores fijados con el
ancla subcutanea localizamos 92 de 113 (81%) de estas aves en 1996 y 1997 y todos los 28
(100%) Brachyramphus marmoratus marcados en 1997 en censos aéreos. La duraciéon maxima
confirmada para fijadores subcutaneos tipo ancla de transmisores fué 51 dias en Synthlibo-
ramphus hypoleucus y 78 dias en Brachyramphus marmoratus, contra 41 dias del fijador de
sutura y pega usado en Synthliboramphus hypoleucus. Las tasas de recaptura de Synthlibo-
ramphus hypoleucus marcados con radio transmisores fueron similares a las tasas de recaptura
de la misma especie sin marcar. Nuestras observaciones post-liberacion indican efectos fisicos
de corto alcance neglegibles por el proceso de adhesién, mientras que los datos de telemetria
y el examen de las aves recapturadas no muestran evidencia de infeccion o de otro tipo de
efecto fisico de largo alcance. La conducta reproductiva de algunas aves no se afecté; sin
embargo, se necesita una evaluaciéon posterior de los efectos potenciales de esta técnica de
adhesién en la reproduccién.

Documenting individual movements, home ranges, and foraging ranges
of alcids is critical for their proper conservation and management. Two
species of murrelets found on the Pacific coast of North America, the
Xantus’ Murrelet (Synthliboramphus hypoleucus) and the Marbled Murre-
let (Brachyramphus marmoratus), are of particular concern. Marbled
Murrelets are federally classified as threatened under the U.S. Endan-
gered Species Act, and Xantus’ Murrelets may be considered for listing
as threatened in the near future. The small populations of both of these
species in California are vulnerable to various threats including loss of
nesting habitat, environmental pollutants, native and introduced preda-
tors, fisheries impacts, ecotourism disturbances, and at-sea disturbances.

Successful radio telemetry studies require a transmitter attachment ca-
pable of providing adequate transmitter retention times without causing
significant adverse effects to the study subject. Several transmitter attach-
ment methods have been developed, including harnesses, adhesives, neck
collars, sutures, and surgical implants (Kenow et al. 1997). These tech-
niques have been used on a variety of birds, but alcids have posed partic-
ular problems because of the harsh marine conditions they inhabit, their
sensitivity to handling, and their reaction to the attached transmitter. Ra-
dio telemetry studies of small alcids have been hampered by low trans-
mitter retention times, radio failure, short transmission ranges, or adverse
behavior (Hunt et al. 1979, Duncan and Gaston 1990, Quinlan and
Hughes 1992, Ralph et al. 1992, Kuletz et al. 1995). As a result, few radio
telemetry studies of small alcids have been attempted compared with oth-
er species such as waterfowl.

We modified a subcutaneous anchor attachment developed for telem-
etry studies of ducklings and waterfowl (Mauser and Jarvis 1991, Pietz et
al. 1995) to use in our studies of the distribution and movements of
Xantus’ Murrelets and Marbled Murrelets during breeding and post-
breeding dispersal periods. Both murrelets are small (Xantus’ Murrelets,
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%X = 165 g; Marbled Murrelets, x = 220 g), widely distributed, and found
nesting in concealed sites in mostly inaccessible habitat (Sealy 1974, Bin-
ford et al. 1975, Murray et al. 1983, Hamer and Nelson 1995, Nelson and
Hamer 1995). In this paper, we describe the effectiveness of a modified
subcutaneous anchor attachment for Xantus’ Murrelets and Marbled
Murrelets and discuss the advantages and disadvantages of this radio-
marking technique.

MATERIALS AND METHODS

Study area.—We captured and radio-marked 169 Xantus’ Murrelets at
Santa Barbara Island (33°30'N, 119°02'W), Santa Barbara County, Cali-
fornia during April and May of 1995-1997. This small island (2.6 km?)
harbors the largest breeding colony of Xantus’ Murrelets in California
(Carter et al. 1992, Drost and Lewis 1995). We also captured and radio-
marked 28 Marbled Murrelets in May, June, and August of 1997 at Afio
Nuevo Bay (37°06'N, 122°19'W), Santa Cruz County, California. A small
breeding population of Marbled Murrelets (750-1400 birds) nests in old-
growth forests along the central California coast, which is the southern
extent of their breeding range in the northeast Pacific Ocean (Ralph and
Miller 1995).

Capture—During the breeding season, murrelets formed loose congre-
gations at night where they were scattered singly or in small groups of up
to five birds on the waters adjacent to breeding areas. We captured murre-
lets on the water from 4-m inflatable boats with high-intensity spotlights
and dipnets (Whitworth et al. 1997a). After capture, murrelets were trans-
ported to a research vessel anchored a short distance away. Aboard the
vessel, murrelets were weighed to the nearest 1 g with a 300-g spring scale
and inspected for presence or absence of paired lateral brood patches on
Xantus’ Murrelets (Murray et al. 1983) or a single medial brood patch
on Marbled Murrelets (Sealy 1974, Binford et al. 1975). A small subset of
Xantus’ Murrelets (n = 16) were captured by hand from nests on Santa
Barbara Island for radio attachment in May 1996. Standard morphometric
measurements were recorded, plumage photographs were taken, and
blood samples collected from most radio-marked murrelets. All captured
murrelets were banded with U.S. Fish and Wildlife Service stainless steel
bands.

Materials.—We used 3.5-g radio transmitters (Model PD-2; Holohil Sys-
tems Ltd.°, Ontario, Canada) with 15-cm external whip antennas and
front and rear suture channels for Xantus’ Murrelets in all years of the
study. Expected lifespan of the transmitters used on Xantus’ Murrelets
were 3 mo in 1995 and 6 wk in 1996 and 1997. We used 2.0-g transmitters
(Model BD-2G, Holohil Systems Ltd.®, Ontario, Canada) with a 15-cm
whip antenna, front and rear suture channels, and an expected 6-wk life-
span for Marbled Murrelets. We used larger radios on Xantus’ Murrelets
because a stronger signal was needed to track murrelets that forage and
disperse widely from the colony, compared to Marbled Murrelets, which
remain within a narrow coastal area in central California (Drost and Lewis
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1995, Becker et al. 1997). Stainless-steel anchors (Advanced Telemetry
Systems®, Isanti, Minnesota) were slightly flattened and attached to the
bottom surface of the front end of the transmitter with Superglue® and
finished with epoxy (Hysol Epoxi-Patch®, Dexter Corp., Seabrook, New
Hampshire). The bottom of the radio was then sanded using 200-grain
sandpaper to create a slightly roughed surface for better epoxy adhesion
and to smooth protusions.

Anesthesia.—We administered an inhalation anesthetic (isoflurane) to
facilitate handling and minimize the stress associated with the attachment
procedure in 1996 and 1997. We sedated murrelets with a prototype field
anesthesia system. Three to five isoflurane-soaked gauze sponges were
placed in the 250-ml glass flask and sealed with a rubber stopper that had
an influx and efflux port through which 1-cm diameter plastic tubing was
passed. A battery-powered aquarium air pump forced ambient air into
the flask and an unregulated amount of isoflurane gas vapor was carried
to the anesthesia mask (a latex glove stretched over the open end of a
60-cc syringe case). The murrelets’ bill was placed through a 3-mm hole
in the glove. Murrelets were exposed to the anesthetic until they no lon-
ger had a palpebral or blinking reflex, showed signs of decreased muscle
tone (no leg or wing withdrawal reflex), and developed slow, deep respi-
ratory patterns. Most murrelets required anesthetic exposure for <30 s.
We readministered the anesthetic if the murrelets woke from sedation
during the procedure.

Suture and epoxy attachment—In 1995 and April of 1996, we radio-
marked 56 Xantus’ Murrelets using the traditional suture and epoxy
method (Martin and Bider 1978, Wheeler 1991). Front and rear suture
placement techniques are similar to those described in the following sec-
tion and are referred to as the “‘suture” method.

Subcutaneous anchor attachment—We adapted the subcutaneous an-
chor attachment (“anchor” method) from Mauser and Jarvis (1991) to
radio-mark Xantus’ Murrelets (z = 113) in May of 1996 and April and
May of 1997. All Marbled Murrelets captured in 1997 (n = 28) were radio-
marked using the anchor method. Researchers handling murrelets wore
latex gloves. One person held the murrelet while another performed the
minor surgery. Needle holders and forceps used for the surgery and trans-
mitter anchors were sterilized in Cidex® (Johnson and Johnson Hospital
Services, New Brunswick, New Jersey) or Benz-all® (Xttrium Laboratories,
Chicago, Illinois) for =15 min prior to use.

We affixed the transmitter on the murrelet’s dorsal midline at the small
depression between the scapulae just caudal to where the vertebrae dis-
appear from their superficial location and become more internal. Ana-
tomically, this is dorsal to the junction of the cervical and thoracic ver-
tebrae (Fig. 1). This attachment site resulted in the transmitter being
covered by contour feathers to reduce drag. Additionally, the site was
difficult for the bird to reach, making the radio less likely to be pulled
off. The surgical attachment site (2.0 cm X 1.5 cm) was prepared by
parting the feathers and wetting the skin and underlying feathers with
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FIGURE 1. Location and placement of the subcutaneous anchor for radio-marking Xantus’
and Marbled Murrelets.

isopropyl alcohol. We initially removed down feathers at the attachment
site of 12 birds, but this was unnecessary in most cases. We pinched and
lifted the skin at the attachment site and used a sterile 16-gauge X 1 inch
(2.54 cm) hypodermic needle to puncture the skin, avoiding contact with
underlying musculature, nerves, and blood vessels. The needle was left in
place while the radio anchor was rinsed with sterile saline to remove the
sterilization solution. Then the anchor was fed through the skin opening
after removing the hypodermic needle. Once the entire anchor was be-
neath the skin layers (epidermis, dermis and hypodermis), it was rotated
and situated with the head of the arrow pointing forward and the anchor
flat on the murrelet’s back (Fig. 1). A rear suture (2-0 Prolene® (non-
absorbable, monofilament) Ethicon Inc., Somerville, New Jersey) was
placed by laterally pinching the skin adjacent to the rear suture channel
and passing a sterile 22-gauge X 1.5 inch (3.81 cm) hypodermic needle
laterally through the skin fold. We threaded the suture through the nee-
dle from the sharp end and out the hub before the needle was withdrawn
from the skin, leaving the subcutaneous suture in place parallel to the
rear suture port of the radio. The suture was passed through the rear
suture channel and a thin coat of marine epoxy (Marine epoxy #332°,
Titan Corporation, Lynnwood, Washington) applied to the bottom of the
transmitter prior to tying the suture with four surgical square knots.
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Recovery.—Following radio attachment, we returned murrelets to hold-
ing boxes for 15-30 min to allow for anesthesia recovery and for curing
of epoxy. Prior to release, murrelets were examined for alertness, normal
palpebral reflexes, and normal muscle tone. Radio attachments were in-
spected and transmitter signals were tested before murrelets were re-
leased. We took murrelets several hundred meters from the research ves-
sel before release. At release, we gently lofted birds into the air so they
could fly away. Most birds flew out of sight upon release.

Tracking.—We tracked Xantus’ Murrelets over a 2-mo period during
the breeding season, April-June, 1995-1997. The two tracking methods
included a remote receiving station on Santa Barbara Island and aerial
surveys (Whitworth et al. 1997b). We conducted daily Marbled Murrelet
aerial and land-based surveys over a four-month period from 9 May-19
Sep. 1997 (Burkett et al. 1998). We report mean tracking duration (x *
SD) and maximum tracking duration for both attachment methods. We
performed statistical tests for effects of species, year, and attachment
method on tracking duration using Mann-Whitney U tests. We performed
Yates corrected Chi-square tests (x2.) for differences between recapture
frequencies in our radio-marked and unmarked Xantus’ Murrelet capture
samples.

RESULTS

Transmitter attachment.—We marked 46 Xantus’ Murrelets using the
suture technique in 1995, and 10 in April 1996. We radio-marked a total
of 113 Xantus’ Murrelets (54 in 1996 and 59 in 1997) and 28 Marbled
Murrelets in 1997 using the anchor technique. Total time in captivity,
from capture to release, for Xantus’ Murrelets marked with the anchor
method averaged 61.3 * 28.8 min in 1996 (n = 31) and 46.7 * 10.3 min
in 1997 (n = 47). We held Xantus’ Murrelets marked with the suture
method for 51.4 * 26.7 min (n = 46) in 1995, and 42.1 * 8.9 min (n =
8) in 1996. We required 72.3 = 20.4 min (n = 28) to complete proce-
dures on Marbled Murrelets.

Efficiency of tracking and duration of radio attachment—We located a
higher proportion of the radio-marked Xantus’ Murrelets in each succes-
sive year of the study. However, statistical comparisons may have been
confounded by differences in survey intensity among years. Differences
in environmental variables among years, which affected murrelet distri-
butions and therefore our ability to locate marked birds, also may have
confounded comparisons. We located only 14 of 46 (30%) Xantus’ Murre-
lets marked with the suture method in 1995, but 8 of 10 (80%) in April
1996. We located 37 of 54 (69%), and 55 of 59 (93%) of Xantus’ Murre-
lets with anchor attachments during aerial surveys in 1996 and 1997, re-
spectively. All 28 (100%) radio-marked Marbled Murrelets were located
by both aerial and ground-tracking in 1997. We obtained 512 Xantus’
Murrelet aerial locations and 1293 Marbled Murrelet aerial locations dur-
ing the years of these studies. The mean duration of tracking increased
for Xantus’ Murrelets each successive year as marking techniques
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changed. The mean duration of tracking for the anchor method (14.7 =
13.6 d) was twice as long (Z = 4.19, P = 0.0001) as that of the suture
method (6.8 = 9.8 d). Marbled Murrelets marked with the anchor meth-
od were tracked longer (45.1 £ 15.3 d) than Xantus’ Murrelets (Z =
6.34, P = 0.0001).

Maximum confirmed duration for the suture attachment was 41 d. In
1997, we recaptured three Xantus’ Murrelets marked using the suture
method in 1995. None of the three still had transmitters attached. Two
of these Xantus’ Murrelets were never located during aerial surveys in
1995, while the third was located three times over 13 days. None showed
adverse physiological effects from the marking procedure.

The maximum confirmed duration for the anchor method, as deter-
mined from telemetry data, was 51 d for Xantus’ Murrelets and 78 d for
Marbled Murrelets. However, we discovered a Xantus’ Murrelet with a
transmitter attached 340 d after radio-marking. We captured this murrelet
and radio-marked it from the nest on 5 May 1996 at Santa Barbara Island,
then re-sighted it on 10 Apr. 1997, incubating eggs in the same nest crev-
ice. One Marbled Murrelet, radio-marked on 11 May 1997, was recaptured
86 d later, on 5 Aug. 1997, with the nonfunctional transmitter still at-
tached. We tracked another Marbled Murrelet for 34 d before the signal
was lost, then recaptured it without the transmitter 88 d after marking. A
Marbled Murrelet radio-marked on 10 Jun. 1997 was recaptured on 23
May 1998 (Burkett et al. 1999) without the radio attached and only a
minor fibrous tissue reaction or scar was present under the skin at the
previous radio attachment site.

Although the recapture rates for radio-marked Xantus’ Murrelets was
low (4.5%), we recaptured five of the 110 Xantus’ Murrelets we marked
in 1995 and 1996. This was not significantly different (x%. = 0.47, P =
0.49) than the recapture rate (6.6%) of our total capture sample of non-
radio-marked Xantus’ Murrelets during those years. Two of the 28 Mar-
bled Murrelets (7%) radio-marked in May and June 1997 were recaptured
during a total of six capture nights later that season. One radio-marked
Marbled Murrelet was recaptured in May of 1998.

DISCUSSION

Radio-marking murrelets using the subcutaneous anchor attachment
proved to be both a reliable and practical method of transmitter attach-
ment. We achieved mean and maximum transmitter retention times that
exceeded retention times reported for all other radio-marking studies on
murrelets.

Handling times—Our handling times compare favorably with those re-
ported for similar techniques on other alcids (Burns et al. 1994). Wanless
et al. (1985) concluded that minimizing the handling time during radio
attachment procedures improved the post-release responses of radio-
marked Common Murres (Uria aalge). We estimate the radio attachment
procedure alone required 5-15 min to complete, but because of concur-
rent tasks (e.g., morphometric measurements, photographs, and blood
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sampling), many murrelets were held longer than required for radio-
marking alone. Additionally, we tended to release murrelets in groups so
that one release trip could be made to release 2—4 birds. Limiting con-
current work would have decreased handling times. A small sample of
Xantus’ Murrelets (n = 5) captured from nests, sedated, and radio-
marked in 1996 required only 12.6 * 2.0 min from capture to replace-
ment on the nest. Nest-trapped Xantus’ Murrelets were not subject to
transport, holding for anesthesia recovery, epoxy curing, or additional
measurements and sampling.

Anesthesia—Stress associated with capture and handling of wild birds
has been documented in a variety of species (LeMaho et al. 1992, Smith
et al. 1994, Marra et al. 1995) including Xantus’ Murrelets (Newman et
al. 1997). To prevent additional stress to murrelets, we sedated birds with
an anesthetic, worked in a quiet environment, covered the bird’s head to
decrease visual stimulation, and wrapped each bird in a thin towel to limit
struggling.

Despite problems reported when anesthetics were used on Marbled
Murrelets (Quinlan and Hughes 1992, Burns et al. 1994), we found that
careful monitoring of birds sedated with isoflurane was not only safe, but
also facilitated radio attachment by decreasing struggling. Other benefits
of isoflurane use for murrelet radio attachments in the field included
easy administration, a wide safety margin, a rapid recovery rate (<10
min), and no lingering effects of anesthesia on reflexes, attitude, vigor,
respiration, or body temperature. Furthermore, isoflurane likely de-
creased pain and stress associated with radio attachment.

Previous telemetry studies on alcids.—Most recent attempts to radio-mark
alcids have involved the use of adhesives or suture-adhesive combinations
to secure the transmitter. Different types of glue or epoxy have been used
to attach transmitters to Marbled Murrelet adults and chicks (Quinlan
and Hughes 1992, Kuletz et al. 1995, Kuletz and Marks 1997), Common
Murres, Atlantic Puffins (Fratercula arctica), Razorbills (Alca torda) (Wan-
less et al. 1985, 1988a,b), and Ancient Murrelet (Synthliboramphus anti-
quus) adults and chicks (Duncan and Gaston 1990). Suture-epoxy com-
binations have been used with limited success on Xantus’ and Marbled
Murrelets (Burns et al. 1994, this study) However, the adhesive-only and
suture-epoxy attachments, with maximum confirmed duration of 22 and
41 d, respectively (Quinlan and Hughes 1992, this study), were not as
durable as the anchor technique.

Attempts to radio-mark alcids with other transmitter attachment meth-
ods have proven disruptive. Stainless steel or surgical gut harnesses en-
closed in plastic tubing appeared to disrupt the normal behavior of Xan-
tus’ Murrelets (Hunt et al. 1979). Marbled Murrelets fitted with harnesses
of polyethylene tubing died soon after release and murrelets with surgi-
cally implanted transmitters responded poorly to the anesthetic and never
behaved normally after release (Quinlan and Hughes 1992). Common
Murres and Thick-billed Murres (Uria lomvia) equipped with coelomic
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cavity satellite implants experienced high mortality and low breeding suc-
cess (Meyers and Hatch 1997).

Physiological effects of radio attachment on marked murrelets—Previous
physiological problems that may have affected the health of radio-marked
birds include heat loss associated with the anchor attachment (Bakken et
al. 1996, Kenow et al. 1997) and infections at the anchor attachment site
(Bakken et al. 1996). To prevent heat loss, we did not remove or trim
feathers at the radio attachment site. Examination of recaptured Xantus’
and Marbled Murrelets indicated that infections were not present. Fur-
thermore, blood tests, physical examinations, and necropsy findings from
75 American Coots (Fulica americana) radio-marked using the anchor
attachment and monitored for 4 mo also showed no infections (Newman,
unpubl. data). A fibrous tissue reaction had occurred at the anchor im-
plantation site, which stabilized the radio even if the sutures had pulled
out through the skin.

Physical effects of radio attachment on marked murrelets.—Our postre-
lease observations and telemetry data indicate that attached transmitters
did not interfere with murrelets’ physical capacities. All released murre-
lets were capable of making a full range of wing movements. Tracking
showed that some Xantus’ Murrelets moved long distances (>100 km) in
a relatively short time period (4-10 h) and several Xantus’ Murrelets
traveled over 1000 km in 30 d or more (Whitworth et al. 1997b).

At Ano Nuevo Bay, California, Marbled Murrelets tend to forage near-
shore and maintain a relatively local distribution (Carter and Sealy 1990,
Strachan et al. 1995, Becker et al. 1997, Beissinger and Becker 1998).
Individual movements were not expected to be as extensive as those for
Xantus’ Murrelets. Still, Marbled Murrelets dispersed far to the north
(224 km) and south (181 km) from Pt. Ano Nuevo (Burkett et al. 1998)
and birds continued to navigate inland to forest nest locations (Big Basin
Redwoods State Park and surrounding habitat). These observations sug-
gest that radio-marking had minimal, if any, detrimental effects on the
ability of marked individuals to fly.

We have no evidence that depredation of radio-marked murrelets was
unusually severe. Had dead or weakened radio-marked murrelets been
scavenged or preyed upon by avian predators, we should have detected
transmitter signals from roost or nest sites (Quinlan and Hughes 1992,
Burns et al. 1994). We found one functional Marbled Murrelet transmit-
ter under a known Peregrine Falcon (Falco peregrinus) eyrie. One Xantus’
Murrelet signal was detected repeatedly on Anacapa Island, a known Per-
egrine Falcon breeding site, and may have been preyed upon. Although
Western Gulls (Larus occidentalis) are abundant on Santa Barbara Island,
California and are known to prey upon Xantus’ Murrelets (Oades 1974;
P. Martin, pers. comm.), Marbled Murrelets (Nelson 1997), and other
small alcids, we found no depredated murrelets near their nests.

Behavioral effects of radio-marking on murrelets.—Disruption of normal
behavior following radio-marking may be subtle and difficult to detect.
Based on the absence of brood patches, 85.8% of radio-marked Xantus’



Vol. 70, No. 4 Transmitter Attachment for Murrelets [529

Murrelets captured at-sea were not incubating when captured (Whitworth
et al, in press). Therefore, radio-marked Xantus’ Murrelets likely repre-
sented mostly sub-adult, non-breeding individuals or adult individuals
which were socially congregating prior to breeding. Although radio-mark-
ing may precipitate early dispersal, nest abandonment, or colony avoid-
ance by murrelets, these effects were not documented in birds captured
at-sea.

We were able to confirm successfully hatched eggs for only one of our
16 nest-captured Xantus’ Murrelets. We found depredated or abandoned
eggs in seven nests, but were unable to confirm the fate of eight nests,
although we suspect two of these may have hatched. Telemetry data in-
dicated that marking effects were not always immediate. If birds were
going to abandon nests, we expected this to occur immediately after birds
were placed back on their nests. Surprisingly, only four Xantus’ Murrelets
departed within 30 min of replacement on the nest. Six radio-marked
murrelets and the mates of two marked murrelets were found on nests
for between 1-24 d after marking. Wanless et al. (1985, 1988a) found that
marking Common Murres late in the incubation period or during the
chick period reduced the detrimental effects of radio-marking. We in-
tended to mark nest-captured Xantus’ Murrelets at hatch, however, a rel-
atively late nesting season in 1996, a small sample of monitored nests,
and infrequent trips to Santa Barbara Island precluded marking at the
end of incubation.

In contrast to Xantus’ Murrelets, 64% of radio-marked Marbled Murre-
lets (all captured at sea) had fully vascularized brood patches suggesting
that these birds were either within days of egg laying or were actively
incubating eggs. Tracking of individual Marbled Murrelets occurred on
almost a daily basis, thus the 24-h incubation shift was monitored, along
with at-sea locations, and diving or foraging behavior on non-incubation
days (Burkett et al. 1998). Tracking results suggested that breeding be-
havior, nest initiation, and foraging patterns were not significantly dis-
rupted by the anchor attachment method for at least 5 of 18 individuals
(28%) known to be reproductively active, however, nest success may have
been affected. More conclusive findings about the lack of effects of the
anchor attachment on nesting and breeding behavior were documented
from 40 radio-marked Marbled Murrelets in Desolation Sound, British
Columbia where 23 nests were found and overall fecundity was 29%
(Cooke et al. 1999).

Although nests failed for all five Marbled Murrelets which were tracked
to inland nesting sites, at-sea surveys near Ao Nuevo in 1997 found low
juvenile to adult ratios (<0.02) suggesting that few nests were successful
that year (Beissinger and Becker 1998). Furthermore, the effects of the
1997-1998 El Nino may have also contributed to poor nest success of
murrelets. Radio attachment cannot be ruled out as a contributing factor,
but we believe that birds would not have initiated nesting or continued
to nest after radio attachment if the attachment and handling had led to
the failure. It is possible that radio attachment, leading to increased
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preening rates during incubation, contributed to increased nest depre-
dation which is a known cause of nest failure for Marbled Murrelets (Nel-
son and Hamer 1995). After capture, the five birds maintained a routine
attendance behavior for a mean of 8.8 * 7.8 d before nest failure. Al-
though some birds with brood patches were never documented nesting,
we do not know if their nests had already failed by the time of capture
(Burkett et al. 1998), if they had abandoned their nests after marking, or
if they were not nesting, despite having fully vascularized brood patches.
In contrast, 15 nesting Cassin’s auklets radio-marked using the anchor
attachment did not abandon their nests at Prince Island, California in
1999 (U.S. Geological Survey, unpubl. data). These results, and findings
from Cooke et al. (1999) suggest that for certain species under specific
conditions the anchor attachment can be performed without disruption
of nest attendance and parental care of chicks.

Explanations for unlocated murrelets.—All Marbled Murrelets we radio-
marked were located over a period of at least 10 d by aerial survey or
ground tracking, but most (62.5%) Xantus’ Murrelets with the suture-
epoxy method, and some (29.6%) Xantus’ Murrelets marked with the
anchor method were not located during aerial surveys. Differing at-sea
distributions between these two species in California may explain much
of this disparity. Marbled Murrelets in central California are inshore feed-
ers and tend to stay within 2 km of the coast (Becker et al. 1997). This
aspect of their at-sea ecology facilitates telemetry studies by limiting the
at-sea survey area to a narrow coastal strip.

In contrast, Xantus’ Murrelets dispersed widely through out the South-
ern California Bight (Whitworth et al. 1997b), resulting in an enormous
survey area. Xantus’ Murrelets are known to range far offshore, well out-
side the confines of our survey area (Briggs et al. 1987, Karnovsky et al.
1995). We believe that many radio-marked Xantus’ Murrelets quickly dis-
persed out of the Southern California Bight, especially in 1995. Some
radio-marked Xantus’ Murrelets were not located for extended periods
of up to 3 wk before being relocated, often far offshore. Because the
immediate area around Santa Barbara Island was searched thoroughly on
most aerial surveys, these murrelets must have returned to the study area,
after dispersing to areas farther from the colony. We also suspect that
some of the radios attached on Xantus’ Murrelets in 1995 and 1996 using
the suture method detached soon after release. Moreover, radio failure
following attachment was also possible and this may further explain not
locating some proportion of radio-marked murrelets.

Our results suggest that loss of lighter transmitters (2-3.5 g) attached
with subcutaneous anchors was less severe than studies on Northern Shov-
elers (Anas clypeata) in which almost half the birds shed transmitters
within 30 d of attachment (Zimmer 1997). Verifying the durability of a
transmitter or the longevity of an attachment technique for any free rang-
ing bird, especially a marine bird, is difficult. Failed transmitters or trans-
mitters that detach at-sea would be undetectable. However, three Xantus’
Murrelets marked in 1995 (suture-epoxy) and recaptured in 1997 indi-
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cated that murrelets not located after marking did not die, but that either
the radios detached, failed, or murrelets had dispersed outside the track-
ing area.

We recommend the subcutaneous anchor attachment technique to re-
searchers interested in pursuing telemetry studies of alcids. Direct obser-
vations and telemetry data suggests that the anchor method results in no
physical impairment to murrelets. Data from these studies also suggests
that breeding behavior for some murrelets was not disrupted, however,
data from other alcid studies (Marbled Murrelets in Canada and Cassin’s
Auklets in California) definitively shows that this attachment method does
not effect nesting and reproduction in these cases. Further evaluation of
potential effects of this attachment technique is necessary before defini-
tive conclusions are drawn.
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