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Abstract: Fifteen of 47 radio-tagged northern spotted owls (Strix occidentalis caurina) died during a 2-year
study in northern California, and 11 of 33 radio-tagged California spotted owls (S. o. occidentalis)  died in
2.5 years in the Sierra Nevada. Female owls with 19-g radio tags had significantly lower annual survival rates
than color-banded females (P = 0.006) after a forest fire in 1987 in the Klamath Mountains. There were no
differences in annual survival rates between males with and without radio tags. In 1988, fewer radio-tagged
pairs (17%) fledged young than color-banded pairs (88%) (P < 0.00l), and in 1989 radio-tagged pairs nested
(7%) less often than color-banded owls (64%) (P = 0.0002). W e suggest that spotted owl researchers avoid
using backpack-mounted radio tags.
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The spotted owl (Strix occidentalis)  has been
the focus of numerous radio-tracking studies in
recent years because of the species’ association
with old-growth forests (e.g., Carey et al. 1990).
However, little is known about possible negative
effects of radio tags on spotted owls. Dawson et
al. (1987) recommended against using radio tags
on juvenile spotted owls because of low survival
rates among juveniles and potential adverse ef-
fects of radio tags on their flying and hunting
capabilities.

Radio tags were usually attached to spotted
owls with a harness-mounted backpack (Fors-
man 1983) prior to 1989. Harnesses used on
other bird species have apparently caused re-
duced flight speed and increased CO2 produc-
tion (Gessaman and Nagy 1988), mass loss (John-
son and Berner 1980),  reduction in high-energy
activities (Hooge 1991), decreased reproductive
success   (Sibly   and   McCleery   1980),  and lower
survival rates (Marks and Marks 1987). Other
researchers, however, found minimal impacts
from harnessed radio packages on birds (Erik-
stad 1979).
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 objectives were to test the null hypotheses
1) no difference existed between survival
of male and female radio-tagged spotted
and (2)  no differences existed between re-

 attempts, fledgling success, or sur-
rates of radio-tagged and color-banded
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STUDY AREA
Fieldwork in the Klamath Mountains of

northwestern California was initiated on north-
ern spotted owls (S.  o. caurina)   in 1987.   Eigh-
teen owls were tracked 50 km southeast of Eu-
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reka,  Humboldt County (Mad River Ranger
Dist., Six Rivers Natl. For.); 19 owls were tracked
30 km west of Happy Camp, Siskiyou County
(Ukonom Ranger Dist., Klamath Natl. For.). We
tracked birds at both sites from summer I987
through spring 1989. We tracked 10 owls 10 km
east of Brookings, Curry County, Oregon (Chet-
co Ranger Dist., Siskiyou Natl. For.) from sum-
mer 1988 until fall 1989. All sites were in moun-
tainous forests dominated by Douglas-fir
(Pseudotsuga menxiesii), tanoak (Lithocarpus
densiflorus),   and   Pacific   madrone   (Arbutus
menxiesii). Elevations ranged from 0 to 1,800 m.

Data on survival rates and reproductive suc-
cess of color-banded northern spotted owls were
obtained from A. B. Franklin (Humboldt State
Univ., Arcata, Calif., pers. commun.). Owls from
the banding study were interspersed between
our Ukonom and Mad River study sites in the
Klamath Mountains.

A forest fire, started by lightning on 30 August
1987,  burned 8,100 ha at the Ukonom study site
in the Klamath Mountains. The fire was put out
50 days  after it began. An inversion held a dense
smoke layer close to the ground for 25  days,
during which radio-tagged owls were exposed
to high levels of carbon monoxide (CO) ( 554
ppm) and total suspended particulates (~4,600
pg/m”)  (K. Corbin, Siskiyou County Air Pollut.
Control Dist., pers. commun.). Ten of the color-
banded owls were located in an area 10 km east
of the Ukonom study site and exposed to light
to moderate understory burns (A. B. Franklin,
unpubl. data).

California spotted owls (S. o. occidentalis)
were tracked in the Sierra Nevada at a site 70
km northeast of Fresno, Fresno County, from
May 1987 to January 1990. Elevations ranged
from 300 to 2,440 m and encompassed a variety
of habitat types from oak-pine woodlands
(Quercus douglasii, Q. wislixeni, and Pinus sa-
biniana) to mixed-conifer forests (Abies con-
color, A. magnifica,  Pinus jeffreyi,  P. lamber-
tiana, and   Libocedrus  decurreus  ).    No
companion data from color-banded owls were
available from this area.

METHODS
Radio Tags. -We captured and fitted owls

21  year old in the Klamath Mountains with
backpack-mounted radio tags with a cross-chest
harness described by Forsman (1983). In 1987,
the teflon  harness straps were sewn together; in
1988 we switched to copper electrical clamps to

fasten the harness because metal clamps expe-
dited handling time. We used radio tags (AVM
Instrument Co., Livermore, Calif.) with a 30-
cm antenna and a life expectancy of 12 months.
Tags (including the harness) were weighed to
the nearest 0.1 g. Tags used in 1987 had a cy-
lindrical battery (AVM model P-2), 4.5-cm
length and 1.5cm diameter, with a mean mass
(including harness) of 18.7 t 0.15 (SE) g (n =
7). In 1988, we used rectangular tags (AVM
model K-7), 5.0 x 1.8 x 0.8 cm, with a mean
mass (including harness) of 18.5 t 0.15 g (n =
6). Owls tracked in the Sierra Nevada were
equipped with radios weighing 22-24 g (Telon-
ics, Mesa, Ariz.) or 18-19 g (AVM); these were
backpack-mounted with electrical clamps to se-
cure the harnesses.

Owl Measurements. - Owls  were  weighed  to
the nearest 5 g when captured. Each bird was
aged as an adult ( 23 yr old) or subadult ( ~3 yr
old) based on the shape and amount of white at
the tip of rectrices (Forsman 1981). We com-
pared masses between age classes and sexes with
t-tests (Zar 1984). Masses of adults and subadults
did not differ, so data were pooled by sex.

We used triangulation techniques with a min-
imum  of  3  bearings  per fix  to locate owls. We
attempted  to  locate  each  radio-tagged  owl  4
nights and 1 day per week throughout the year.
If an owl’s location did not change for >3 days,
we visually located the bird to determine its
condition. Dead owls were recovered within an
estimated 1-4 days of death. Carcasses were
frozen and shipped to either the California Fish
and Game Department’s Wildlife Investigations
Laboratory in Rancho Cordova  or to the U.S.
Fish and Wildlife Service’s National Wildlife
Health Research Center in Madison, Wisconsin,
for necropsy.

Survival Analyses. -We used the program
MICROMORT (Heisey and Fuller 1985) to cal-
culate survival estimates for radio-tagged owls
during the breeding season (1 Mar-31 Aug), the
nonbreeding season (1 Sep-28 Feb), and an-
nually based on daily survival estimates. Annual
survival estimates were compared with a Z-test
statistic, as outlined in Heisey and Fuller (1985).
We found no difference in survival rates among
radio-tagged owls at the Klamath Mountain
study sites in 1987 (P = 0.25) or 1988 (P = 0.45),
so data were pooled from all 3 sites for further
analyses.

Using model A (the standard Jolly-Seber mod-
el) with the computer program JOLLY (Brown-
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ie et al. 1986),  A. B. Franklin (unpubl. data) Table 1. Relationship between mass of spotted owls and ra-

calculated Jolly-Seber survival estimates for col- dio tags, California, 1987-89.

or-banded owls during 1987 and 1988. These
estimates were based on 1986-89 capture his- Owl mass (g) Radio tag

(% of 5

tories of 203 banded owls, with subadults and
adults combined. Color-banded owls were as-
sumed  to be dead when they were either re-
placed on their territory by another owl or were
not detected for 2  years. We know of no data

Location/sex n f S E  owl mass)

Klarnath Mountains
Ma 17 591 7.3 3.2
Fb 25 662 18.0 2.8

Sierra Nevada
to suggest that color bands adversely affect re-    Mc 17 563 8.0  4.1
productive behavior or survival rates of a noc- Fd 17 632 6.5 3.6

turnal species such as the spotted owl, although
effects have been reported for diurnal species

a All adults.
b  8  subadults and 17 adults.
c 4  subadults and 13 adults.

which use visual cues during courtship (Ratcliffe          d 2 subadults and 15 adults.

and Boag 1987). Therefore, we assumed that
banding had little impact compared to placing anemia (6 of 15 deaths). Emaciated owls had
radio tags on owls.

-

Reproduction Analyses. - To  assess  the   ef-
no subcutaneous or coronary fat, had sustained
severe pectoral muscle reduction, but had no

fects of radio tags on reproductive success, we signs of external trauma. These birds had lost
used Fisher’s exact test (Zar 1984) to compare at least 20% of their original capture body mass
the number of pairs that laid eggs between ra- (a = 33 * 4%,  max. = 42%). One nesting pair
dio-tagged a n d color-banded owls. Using only
pairs that h a d initiated incubation, we t h e n
compared fledging success between the 2 groups.
Radio-tagged pairs were included in these anal-

that died 4 days apart from
diagnosed as emaciated . Poor

one another were
post-mortem con-

dition of thesebirds precluded detection of some
undetermined  contagious disease that may have

yses only if at least 1 member of the pair (either caused their deaths.
sex) carried a radio tag prior to 1 March of the The second most common cause of death was
breeding season. avian predation (3 of 15 deaths). A circle of

RESULTS
Mass

plucked feathers around 1 carcass suggested
northern goshawk (Accipiter gentilis)    preda-
tion;  2 carcasses had missing heads and few

Female spotted owls weighed more than males plucked feathers suggesting predation by great-
in the Klamath Mountains (t = -5.00, 45 df, P horned owls (Bubo virginianus ).  We suspected
< 0.0001) and the Sierra Nevada (t = -6.2, 29 avian predation in a fourth death for which we
df, P < 0.0001) (Table 1). Radio tags weighed found only rectrices and a talon at the base of

from 2.8-4.1%  of an owl’s mass (Table 1). a tree and the radio tag lodged high in the tree.

Mortality Factors 
One nonbreeding adult female died of pneu-

monia and pulmonary edema 41 days after her
Klamath Mountains. - Fifteen of 47 (32%) radio was attached. A subadult female that died

radio-tagged owls died: 4 of 22 males and 11 of of avian cholera (Pasteurella multocida [sero-
25 females (4 subad  and 7 ad). Birds died from type 3])  weighed only 5 g less than her capture
41 to 258 days after radio tag attachment (a = mass.
155  t 16 days), with 2 dying in ~100  days. Of 5 birds that died following the forest fires
Two owls survived wearing their first radio for
a year, but died 100 and 135 days after their
second radio was attached.

None of the mortalities could be directly at-
tributed to the radio tag or harness. Feather
wear was minor at points where the harness
could be abrasive. No birds were entangled in

at the Ukonom site, 2 were emaciated and 1
died of avian predation. No carcasses were found
for 2 birds; only the intact harnesses with radio
tags attached were recovered. Necropsies of the
2 emaciated birds did not reveal any direct signs
suggesting death from smoke inhalation or from
other fire effects. Only 1 death occurred during

vegetation due to the harness or showed indi- the fires; the others occurred up to 7 weeks after
cations of entrapment in the harness. The most the fires were extinguished.
common symptom associated with death was Sierra Nevada. - Eleven of 33 radio-tagged
emaciation, with indications of dehydration and birds died: 5 of 16 males (3 subad  and 2 ad) and
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6 of 17 females (1 subad and 5 ad). Of the 11
deaths, no cause was determined for 7 birds, 2
were emaciated, and 2 were killed by avian
predation. Six of 11 deaths occurred < 100 days
after radio tag attachment, with 5 dying in <50
days. After carrying radio tags for almost a year,
2 owls died < 4O  days after their first radio tags
were replaced, suggesting the second harness
might have caused problems. However, one of
these owls had an eye injury, which probably
lead to its death.

Survival Rates
Klamath  Mountains.  -There were no dif-

ferences in survival estimates between radio-
tagged and color-banded males either year
(Table 2). Survival estimates for radio-tagged
females, however, were significantly lower than
those for color-banded females in 1987 (P =
0.006), but were not different in 1988. Five of
15 (33%) deaths occurred during the breeding
season, and 10 (67%) occurred during the non-
breeding season. We found no significant dif-
ferences between seasons for males or females.
Therefore, we pooled data from the 2 seasons
by sex to calculate annual survival rates. Annual
survival rates based on daily survival estimates
of radio-tagged owls indicated that females had
significantly lower survival rates than males in
1987 (P = O.OOO2),  but no difference (P = 0.94)
was observed between sexes in 1988 (Table 2).

Due to the large proportion of females that
died after the fires at Ukonom (4 of 5),  these
data were excluded from the 1987 analysis to
reduce any bias of fire impacts on survival es-
timates. Results from Mad River showed that
females had lower survival rates than males in
1987 (3 of 7 F and 0 of 7 M died) (Z = 3.63, P
< 0.001).

Sierra Nevada. -   Seven of 11 deaths occurred
during the breeding season and 4 during the
nonbreeding season. We found no differences
in survival rates between seasons for any year
(P = 0.33),  so data were pooled to calculate
annual survival rates. Survival estimates be-
tween radio-tagged males and females were not
different for any of the 3 years (Table 2).

Reproduction
The number of pairs that laid eggs was sig-

nificantly higher for color-banded (64%) com-
pared to radio-tagged owls (7%) in the Klamath
Mountains in 1989 (P = 0.0002),  but there was
no difference in 1988 (P = 0.14) (Table 3). The
number of pairs that successfully fledged young
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was lower for radio-tagged (17%) than color-
banded owls (88%) in 1988 (P = 0.001),  but not
in 1989 (Table 3). In June 1988, a cold rain
storm apparently killed young at 3 of 4 active
radio-tagged nests at the Mad River site. Among
pairs with radio tags in 1989, the only pair that
laid eggs had a female with no radio tag.

Two of 6 (33%) radio-tagged pairs laid eggs
in 1988 at Ukonom, 6 months after the fires, but
only 1 pair successfully fledged young (17%). In
contrast, 9 of 10 color-banded owls with terri-
tories in the center of the fire survived, and 3
of 5 (60%) pairs fledged young in 1988 (A. B.
Franklin, pers. commun.).

DISCUSSION
The relationship between survival estimates

and the sex of radio-tagged owls was not con-
sistent across study areas or years. However, de-
mographic studies of color-banded spotted owls
in the Klamath Mountains also indicated that
females had lower survival probabilities than
males (Franklin et al. 1990). Because female
spotted owls weigh more than males, one might
expect radio tags to have a greater impact on
males. However, energetic studies have shown
the relative costs of carrying radio tags are great-
er for larger birds (Caccamise and Hedin 1985).
In addition, radio tags might be more difficult
for female owls to transport, as females are less
maneuverable than males due to greater wing
loading (Earhart and Johnson 1970). It is un-
clear, however, whether these energetic argu-
ments can explain the differences in survival
rates between the sexes during 1 year of our
study.

Survival estimates from other radio-tracking
studies of spotted owls in California were also
relatively low. Annual survival rates, based on
daily survival estimates (Heisey and Fuller 1985),
ranged from 0.44 (95% CI = 0.21-0.90, n = 18)
(Laymon 1988) to 0.57 (0.30-1.00, n = 9) (Call
1990) in the Sierra Nevada, and 0.80 (0.52-1.00,
n = 8) in the Klamath Mountains (Solis  1983,
Sisco 1990).  These data indicate that low sur-
vival rates for harnessed radio-tagged owls were
not confined to our study.

Our study was not designed to separate effects
of radio tag mass from effects of the harness per
se. However, adverse impacts from radio tags
on spotted owls could have partially been due
to the method of attachment, as has been noted
in other species. For example, Hooge (1991)
compared the activities of acorn woodpeckers
(Melanerpes  formicivorus  ) with harness-

Table 3. Number of radio-tagged spotted owl pairs initiating
clutches and fledging young compared to color-banded pairs
in California. Data for color-banded pairs are from Franklin et
al. (1990).

No. pairs

Yr/treatment
L a i d

Total eggs P a
Fledged
young P

1988
Radio-tagged 1 1  6 1
Color-banded 4 5  3 3  0.14 2 9  0.001

1 9 8 9
Radio-tagged 1 4  1 0
Color-banded 5 6  3 6  0.002 2 7  0.25

a Fisher’s exact test.

mounted radio tags to those of birds with tags
glued onto the back without harnesses. Wood-
peckers with harnesses had significant reduc-
tions in 2 high-energy behaviors, and signifi-
cantly higher preening and perching rates.
Gessaman and Nagy (1988) found that harnesses
with no radio tag significantly reduced flight
speeds of homing pigeons (Columba livia) by
15%.

Exactly how the harness or radio tag affects
reproduction and survival needs further re-
search. For example, the antenna could inter-
fere with copulation or courtship behavior, al-
though some types of back-mounted antennas
have been shown to not interfere with copula-
tion (Kalas et al. 1989). Harnesses that are either
too loose or too tight could cause discomfort and
therefore additional stress. The additional en-
ergetic cost of carrying the mass of the tag could
indirectly affect reproduction. The breeding ef- 
fort involves the highest levels of energy expen-
diture throughout the year (Wijnandts 1984),
and radio tags could reduce the amount of excess
energy available for females to produce eggs.

We conclude that data from harnessed, radio-
tagged spotted owls should not be used for an-
nual reproduction or survival estimates, as has
been recommended for other species (Marks and
Marks 1987). Furthermore, 18-24-g backpack
radio tags should no longer be used on spotted
owls. In addition, based on our results and work
by Gessaman and Nagy (1988) and Hooge (1991),
we think that researchers should be wary of the
use of any type of backpack-mounted radio tag
on spotted owls.
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