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ORIGINAL ARTICLES

The long-term effect of fitting back-mounted radio tags to juvenile 
tawny owls Strix aluco

Steve J. Petty, Bridget M. Appleby, Christopher F. Coles & Romain Julliard

Petty, S.J., Appleby, B.M., Coles, C.F. & Julliard, R. 2004: The long-term effect 
of fitting back-mounted radio tags to juvenile tawny owls Strix aluco. - Wildl. 
Biol. 10: 161&ndash;170.

We investigated the long-term effect of fitting back-mounted radio tags to nestling 
tawny owls Strix aluco in northern England by comparing apparent survival 
rates of radio-tagged and non radio-tagged nestlings from two cohorts using 
capture-mark-recapture methodology. If radio tags had no effect, apparent sur
vival rates should not have differed between the two groups of birds. Overall, 
juvenile survival was much lower than adult survival and yearling breeding prob
ability much lower than adult breeding probability. Radios had no significant 
effect on yearling breeding probability, but they did have a significant nega
tive effect on juvenile survival. Overall, just one bird (1.8%) was recruited from 
the radio-tagged group of 55 birds, whereas 14 (16%) were recruited from the 
control group of 89 birds. There was no significant difference in the distribu
tion of sexes between groups that could account for these differences in appar
ent survival rates. Moreover, food supply and breeding performance of broods 
in the two groups did not differ significantly, indicating that differences in rear
ing conditions were not responsible for the disparity in survival rates. Based 
on our results, and those from other studies of tawny and spotted owls Strix 
occidentalis, we recommend that back-mounted radio tags should not be used 
on nestling or recently fledged Strix species.

K ey words: breeding performance, food-supply, Microtus agrestis, radio tele
metry, recruitment, survival analysis
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Radio telemetry provides unique spatial data on how ani
mals use their environment (Kenward 1987). However, 
radio tags add an extra burden to individuals in a high
ly competitive system (Caccamise & Hedin 1985, Ges
saman & Nagy 1988, Pennycuick, Fuller & M cAllister 
1989). The aim o f successful telemetry is to minimise 
these additional costs so they do not adversely affect 
behaviour and demographic performance, such as repro
duction and survival (Kenward 1987, Kenward, Pfeffer, 
Al-Bowardi, Fox, Riddle, Bragin, Levin, Walls & Hod
der 2001). Thus, it is essential for wildlife ecologists to 
evaluate any adverse effects of radio tags on their study 
species, and if detected, to consider ways o f alleviating 
the problem, including modifying radio design or attach
ment methods (Kenward et al. 2001).

Radio telem etry is a particularly valuable technique 
for quantifying habitat use and dispersal patterns of 
nocturnal species such as owls. These data can rarely 
be obtained in any other way and, not surprisingly, 
radio telemetry is widely used by owl biologists. How
ever, we are only aware o f two studies that have investi
gated how back-mounted radio tags affect the survival 
and breeding perform ance of owls, and both were on 
adult spotted owls Strix occidentalis. Paton, Zabel, 
Neal, Steger, Tilghm an & Noon (1991) indicated that 
fewer radio-tagged pairs bred and that those who did 
fledged few er young than non radio-tagged birds, 
whereas Foster, Foresman, Meslow, Miller, Reid, W ag
ner, Carey & Lint (1992) detected no effect o f radio tags 
on survival or body mass, but again radio-tagged owls 
produced significantly few er offspring. Theirs was an 
extensive study that used data on spotted owls from  4-8 

study sites in Oregon and Washington, and at each site 
com pared radio-tagged and non radio-tagged individ
uals. Recommendations from both studies were that tail-mounted 

radios should be used instead o f back-mount
ed radios on adult spotted owls. This assumes that tail-mounted 

radios have less effect on behaviour and sur
vival than back-mounted radios (Foster et al. 1992), al
though to our know ledge this has not been tested. 
Nevertheless, many studies on other species o f owl, as 
well as on spotted owls, continue to use back-m ount
ed radios. The main drawbacks with tail-mounted radios 
are (i) they have to be sm aller than back-m ounted 
radios, and thus have a shorter battery-life, and (ii) tail 
feathers that support the radio are prone to moult pre

maturely (Arsenault, Hodgson & Stacey 1997, Ganey, 
Block, Dwyer, Strohm eyer & Jenness 1998). Thus, 
tail-mounted radios create extra problems in the deter
mination of survival rates.

The radio-tagging o f young owls, just before or just 
after they leave the nest, is being used increasingly to 
investigate post-fledging dispersal, habitat selection 
and survival (Petty & Thirgood 1989, Rohner & Hunter 
1996, Arsenault et al. 1997, Coles & Petty 1997, Ells
worth & Belthoff 1997, Miller, Small & Meslow 1997, 
Ganey et al. 1998, Overskaug, Bolstad, Sunde & Øien 
1999, Sunde 1999, Willey & van Riper III 2000). These 
include studies on endangered species, such as the 
spotted owl, but to our knowledge the safety o f this tech
nique has not been tested. Some recent studies on juve
nile diurnal raptors fitted with back-mounted radio tags 
have indicated that there are no adverse effects on sur
vival, providing care is taken when fitting the tags (Ken
ward, W alls, Hodder, Pahkala, Freeman & Simpson 
2000, K enward et al. 2001).

In our study, we tested the long-term effect o f using 
back-mounted radio tags on nestling tawny owls Strix 
aluco, a highly philopatric woodland owl that, in tem 
perate Europe, is largely dependent on small rodents for 
food (Cramp 1985). In our study area in northern Eng
land, the most important prey for the owls were field 
voles M icrotus agrestis, which had 3-4 year cycles of 
abundance (Petty 1992, Petty 1999, Lambin, Petty & 
M acKinnon 2000). W e radio-tagged a proportion of 
nestling owls from the 1996 and 1997 cohorts to inves
tigate dispersal and survival during their first autumn/winter 

in relation to vole abundance; the results of 
which have been or will be published elsewhere (Coles 
& Petty 1997, Coles 2000, Coles, Petty, M acKinnon & 
Thomas 2003). All owls from both cohorts were ringed 
and most were sexed by molecular techniques.

W e investigate the long-term effect o f radio tags on 
the probability that fledgling owls survive and breed in 
the study area. Since tawny owls have a flexible age at 
first reproduction, radio tags could either reduce survival 
to the age at first potential breeding (from fledging to one 
year old) or delay age at first breeding (from one year 
old to two years old). Both effects will result in a reduced 
observed proportion of radio-tagged fledglings found 
breeding in the studied population. Because potential 
effects lasted well beyond the lifespan of radio trans
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mitters, the fate o f each individual could not be assessed 
with certainty, and estimates are based on recapturing 
breeding individuals. W e controlled for annual varia
tions in capturing breeding owls by using capture-recapture 

m ethodology (Lebreton, Burnham, Clobert, & 
Anderson 1992, Clobert, Lebreton, Allainé & Gaillard 
1994). In addition, we were able to estimate separately 
survival probability to age at first potential reproduction 
and age-specific probability o f first breeding (Clobert, 
Julliard & M cCleery 1993). If radio tags had no effect, 
both components o f local recruitment should be similar 
between radio-tagged and non radio-tagged birds.

Material and methods

Study area
Our study area m easured 180 km 2 and was situated in 
the centre of K ielder Forest (55° 13'N, 2°33'W ), north
ern England (Petty 1992). It was part o f a much larger 
area o f conifer forest planted with non-native species 
over the last 70 years in the border area between England 
and Scotland. Kielder Forest com prised largely Sitka 
spruce Picea sitchensis and Norway spruce Picea abies 
managed on a clear-cutting system (40-60 year rotation 
length), w hich over the last 30 years has created a 
m osaic o f different-aged stands o f trees (M cIntosh 
1995).

The owl population
The population was the subject o f a long-term study 
(1980&ndash;2002) into the ecology of tawny owls in man-made 
conifer forests (Petty 1992, Petty & Thomas 2003). 
Since 1983, all breeding attempts by tawny owls in the 
study area were in nest boxes, which had been erected 
mainly during the 1979/80 and 1980/81 winters (Petty, 
Shaw & Anderson 1994). Each year, visits to potential 
nest sites (nest boxes and natural sites) com m enced in 
March to determine territory occupancy, with subsequent 
visits timed to obtain data on breeding performance with 
a m inim um  of disturbance. The start o f incubation, 
used as a measure o f the timing of breeding, was ex
pressed as a numerical value in days with 1 March = day 
1. Clutch size was determined in the first half o f the in
cubation period (see methods in Petty & Fawkes 1997). 
The num ber o f chicks hatching was defined as clutch 
size minus any unhatched eggs. All chicks were ringed 
after they reached 150 g (9-10 days old), and nests 
were revisited in the last week of the nestling period to 
count and rem easure chicks. The num ber o f chicks 
leaving the nest (brood size) was the num ber recorded 
on the last visit before fledging minus the remains of

any dead chicks in the nest after fledging (Petty 1992). 
Fledging was defined as when a chick left the nest site. 
None of these reproductive parameters were normally 
distributed. Therefore, non-parametric statistical tests 
were used when testing for differences in breeding per
form ance between the radio-tagged and non radio-tagged 

groups.

Food supply
The demography of tawny owls was significantly influ
enced by the abundance o f their main prey, field voles, 
which had 3-4 year cycles o f abundance (Petty 1992, 
Petty 1999). The most important vole habitat was on 
clear-cuts. Vole abundance was measured in March 
and June with a vole sign index (VSI) on 20 clear-cuts 
scattered throughout the study area, which had been re
planted 2-12 years previously (Petty 1992, Petty 1999). 
The VSI scores were converted to vole density (voles 
h a -1) from seasonal regressions derived from  live trap
ping (Lambin et al. 2000). This allowed us to investi
gate if food supply differed between treatm ent and 
control groups. Vole density for each pair o f owls in the 
treatm ent and control groups was estimated from  the 
nearest VSI area to the nest. The mean distance (± SE) 
between occupied nest boxes and VSI sites in the two 
years was 0.828 ± 0.062 km  (N = 63). Previous work 
has shown that vole density on clear-cuts changed in a 
wave-like manner, with densities being synchronised up 
to about 4 km in the direction o f the wave (Lambin, E l
ston, Petty & M acKinnon 1998).

Radio tags and harnesses
Complete broods were either radio-tagged or left as con
trols. Radio-tagged broods were scattered throughout 
the study area, not clumped in particular areas. In 1996, 
when the modal brood size was two, 22 chicks were 
radio-tagged (11 broods of two chicks) from a total of 
25 broods in the study area (48 chicks in total; Table 1). 
In 1997, when the m odal brood size was three, 33 
chicks were radio-tagged from 13 broods (nine broods 
of three chicks, two broods of two and two broods of 
one) from a total of 38 broods in the study area (96 chicks 
in total; see Table 1).

Nestlings were radio-tagged when 22-31 days old, by 
which time they had reached their maximum weight. 
Tawny owl chicks leave the nest site 29-36 days after 
hatching (Coles & Petty 1997). Thus, nestlings had a few 
days in the nest to get used to the tags before fledging. 
Observations after fledging showed that they ignored the 
radios. Radio tags were fitted to the back of the owl with 
a harness made from soft nylon cord, leaving sufficient 
slack to com pensate for further growth (similar to Fig.
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Table 1. Recruitment into the breeding population o f radio-tagged and non-radio-tagged (control) tawny owl nestlings from two cohorts in 
Kielder Forest during 1996-1997.

5.1b in K enw ard 1987; also see Petty & Thirgood 
1989, Coles & Petty 1997). Subsequent examination of 
dead juveniles showed that harnesses fitted well, had 
been groomed under the feathers and had caused no skin 
abrasions. The radio and harness weighed 7.3 g and was 
designed to either stay on a bird for life or be removed 
when recaptured (none were). The radio tags were made 
by B iotrack (UK), transm itted on 173.233&ndash;173.973 
M Hz and had a lifespan of approximately one year. 
During the breeding season, the mean weight o f adult 
male owls was 364 ± 2.2 g (N = 89) and adult females 
536 ± 3.6 g (N = 237; Petty 1992). Thus, radios were 
approxim ately 2.0% o f the mass o f males and 1.4% of 
the mass of females.

Sex determination of nestlings
The sex o f nestlings was determined from  blood sam
ples taken from  the brachial vein (Appleby, Petty, 
Blakey, Rainey & Macdonald 1997). In 1996, nestlings 
were sexed using Polymerase Chain Reaction (PCR) 
with a sex specific prim er (Griffiths, Daan & Dijkstra 
1996). In 1997, a different prim er was used (Griffiths, 
Double, Orr & Dawson 1998).

Assessing the effect of radio tags
To test the hypothesis that radios had no deleterious 
effect, we com pared recruitm ent rates o f radio-tagged 
(treatment group) and non radio-tagged (control group) 
nestlings from the 1996 and 1997 cohorts. All nestlings 
from both cohorts were ringed. Owls of both sexes can 
breed for the first time as yearlings, but not all individuals

do (Petty 1992). Consequently, many scenarios may lead 
to a locally bom individual not being recaptured as a 
breeder; (i) it may die before its first birthday, (ii) it may 
survive, but not breed as a yearling and then die in the 
following year, or (iii) it may eventually breed one or 
more times at any age, but by chance avoid being cap
tured until it dies. In tawny owls, the age at first repro
duction is flexible and appears to be partially dependent 
on body condition (Hirons 1985, Petty 1992). Thus, it 
is reasonable to hypothesise that radios may affect the 
probability o f breeding as a yearling, in addition to 
any effect on first-year survival. Clearly, the mere anal
ysis o f the effect o f radios on the proportion of fledg
lings eventually recruited into the population will be dif
ficult to interpret. Fortunately, the separation of these 
different probabilities and the testing o f the effect o f 
radios on any param eter is possible using m odem  
capture-recapture methodology.

In 1997 and 1998,93%  of breeding females and 81% 
o f breeding males were caught when nestlings were 5-15 
15 days old (Table 2). Females were caught at the nest 
box with a net, whereas males were caught with a nestbox 

trap (Petty 1992). Our long-term study ceased after 
the breeding season o f 1998, but members of the local 
ringing group caught 40&ndash;74% of breeding females annu
ally during 1999-2002, but no m ales (see Table 2). 
Some owls reared in the study area would have settled 
to breed outside the study area. W e assumed that the prob
ability o f this occurring was equal between treatment 
and control groups providing the distribution of sexes 
between groups was not significantly different (see lat

Table 2. Number of adult tawny owls caught annually in Kielder Forest during breeding attempts in relation to the number of occupied ter
ritories and breeding pairs.
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er). Previous work has shown that there was no signif
icant difference in natal dispersal distance between 
sexes o f birds recruited into the study area (geometric 
mean = 2.85 km; see Petty 1992).

Statistical analyses
The recapture of a breeding owl that was ringed as a 
nestling in the study area is the product o f several con
ditional probabilistic events, such as an individual sur
viving to breed, staying and successfully breeding in the 
study area, and being captured. Local studies cannot sep
arate survival from permanent dispersal out o f the study 
area. Estimated survival is therefore called apparent sur
vival and denoted ???. Apparent survival and breeding 
probability may vary with age; survival during the first 
year (apparent juvenile survival; ???juv is typically low
er than survival later in life (apparent adult survival; ???ad), 
and the breeding probability o f yearlings (α1) is typi
cally lower than the breeding probability o f older birds, 
but was assumed to be independent o f age in this study. 
???juv and α1 may vary with sex and year and may be 
affected by radio tags, the effect o f which is the focus 
o f this study. Capture probability (p) is only applicable 
for breeding individuals and was therefore considered 
independent o f age. Trapping success (see Table 2) 
shows that capture probability varied among years and 
between sexes. All these parameters were estimated with 
the software M ARK (W hite & Burnham 1999) using 
the parameterisation of Clobert et al. (1994) for esti
mating age specific breeding probabilities.

W hen breeders only are captured, as in the case of 
tawny owls captured when feeding nestlings, absence 
of breeding will result in probability o f capture equal 
to zero. Thus, the estim ated capture probability is the 
com bination o f  the trapping success (proportion of 
breeders that are captured) and the breeding probabil
ity. Hence, delayed breeding by yearlings will result in 
a lower estimated capture probability for this age group.

Delayed breeding may thus be evaluated by comparing 
capture probabilities o f young and adults. Two data sets 
were built, one containing the capture-recapture histo
ries o f breeding adults from 1996 to 2002 (318 captures 
o f 141 individuals) split by sex, and another containing 
capture-recapture histories o f juveniles (N = 135) split 
by sex and radio-tagged versus control group. Goodness-of-fit 

o f these data were first assessed with program 
RELEASE implemented in M ARK software (White & 
Burnham  1999). Survival and capture probability were 
first modelled for the adult data set, and then all para
meters were modelled in a joint analysis o f the two data 
sets (for details on data manipulation see Clobert et al. 
1993, Clobert et al. 1994). The model best describing 
variation in the data was selected with the Akaike In
formation Criterion (AIC; see Anderson & Burnham 
1999), while the significance of specific effects was 
assessed with the Likelihood Ratio Test (LR T; see Le
breton et al. 1992).

Results

Rearing conditions of treatment and control 
groups
In birds, the timing of breeding often influences the 
chance o f future recruitment, with more recruits com 
ing from earlier breeding attempts (Newton 1989). How
ever, no significant differences were detected in the start 
of incubation, clutch size or brood size between the treat
ment and control groups in either 1996 or 1997 (Table 
3). Nor was there a significant difference in vole abun
dance estimates between the two groups in either year 
(see Table 3). Thus, the apparent survival o f birds in the 
treatment and control groups was unlikely to be biased 
by differences in rearing conditions.

There were significant differences in breeding per
formance between years, with breeding commencing ear

Table 3. Field vole density (vole h a -1) in March and June and reproductive performance of radio-tagged and control tawny owl broods in 
Kielder Forest during 1996-1997 (means ± SE). Only nests that reared at least one chick are included in this comparison. Mann-Whitney 
U-tests were used to test for differences between groups.
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lier (M ann-W hitney U = 67.0, P < 0.001) and larger 
clutch (Mann-Whitney U = 202.5, P < 0.001) and brood 
sizes (M ann-W hitney U = 220.0, P < 0.001) being pro
duced in 1997 than in 1996. This corresponded to vole 
abundance reaching its lowest point in the current cycle 
in 1996, then increasing in 1997, to peak in 1998 (Petty 
1999; see Table 3).

Sex ratios of treatment and control groups
Overall, 144 chicks fledged from the two cohorts, of 
which 136 were sexed using m olecular methods and 
eight were not sexed; o f these seven came from the con
trol group and one from the treatment group. The un-sexed 

nestlings were excluded from the capture-recap
ture analysis, which had to rely on individuals sexed in 
the nest. Two of the seven unsexed individuals from the 
control group were recaptured as breeding females, a 
proportion higher than the 12 recruits out o f the 82 
sexed nestlings from that group. The exclusion o f un
sexed nestlings was thus conservative with respect to 
our hypothesis.

M ore males (54%) than females (46%) were pro
duced when broods were pooled, but the sex ratio did 
not differ significantly from unity (x21 = 0.7, P = 0.39). 
M oreover, there was no significant difference in dis
tribution o f sexes between treatment (32 males, 22 fe
males) and control groups (41 males, 41 females; x21 = 
0.8, P = 0.38 with Yates correction). Consequently, 
differences in dispersal distances between sexes could 
be discounted as a factor influencing the recruitment of 
treatment and control birds.

Capture-recapture estimation
Adults
RELEASE goodness-of-fit tests indicated no important 
heterogeneity in the data set (P = 0.52). As no males were 
captured between 1999 and 2002, male capture prob
abilities for these years were fixed to 0 throughout the 
analysis. The best model describing survival and cap
ture probability variations (the model with the lowest 
AIC) indicated constant survival through time (LRT for 
time variation on survival, x 25 = 6.0, P = 0.31) and no 
effect o f sex (LRT for sex variation on survival, x 21 = 
0.3, P = 0.58); but since no males were captured between 
1999 and 2002, detection o f any sex effect was unlike
ly. Capture probability variation was adequately mod
elled by sex-specific trapping success estimated from 
the ratio o f the num ber of captured individuals to the 
number of breeding attempts (see Table 2; LRT for resid
ual time variation of capture probability beyond the mod
el, x26 = 8 .4, P = 0.21; LRT for no time variation o f cap
ture probability, x21 = 35.1, P < 0.001).

Local recruitment
Two specific parameters were introduced to describe re
cruitm ent o f juveniles into the breeding population; 
apparent juvenile survival (???juv) and yearling breeding 
probability (α1). ???juv did not vary with sex, and α1 did 
not vary with either sex or year (x23 = 1.3, P = 0.73). 
However, there was a year effect on ???juv (x 21, = 4.5, P = 
0.03). Overall, juvenile survival was much lower than 
adult survival (x23 = 55.5, P < 0.001), and yearling 
breeding probability was much lower than adult breed
ing probability (x21 = 27.4, P < 0.001). Radios had no 
significant effect on yearling breeding probability (x21 = 
1.1, P = 0.29), but a significant negative effect on juve
nile survival (x21 = 6 .00, P = 0.01). AIC o f models in
cluding radio effect on juvenile survival or on yearling 
breeding probability differed by 2.77 AIC units in 
favour o f the former. Thus, radio tags are far more 
likely to have affected juvenile survival than yearling 
breeding probability. Point estimates for the best mod
els are given in Table 4. Overall, just one bird (1.8%) 
was recruited from the radio-tagged group of 55 birds, 
but 1 4  (16%) from the control group of 89 birds (see 
Table 1).

Discussion

To our knowledge this is the first published study to use 
MARK software to estimate survival rates in tawny owls. 
Estim ated adult survival rates o f 0.80 were similar to 
earlier estimates using larger data sets, but less sophis
ticated methodology (0.854 for females and 0.843 for 
males, with no significant difference between the sexes 
in Petty 1992). As expected, first-year survival rates of 
the control group (0.11 -0.41) were much lower than the 
adult survival rate.

As far as we are aware, the spotted owl is the only oth
er Strix owl for which survival rates have been calcu
lated using M ARK software. This is a forest owl from 
western North America that has been the centre o f con
troversy over the felling of old-growth forests (Gutiérrez,

Table 4. Parameter estimation from the capture-mark-recapture 
analysis o f tawny owls in Kielder Forest. The treatment group and 
year effect on juvenile survival were constrained to be additive.
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Table 5. Survival rates obtained in studies of Strix owls that have used MARK software to estimate survival rates.

Franklin & LaHaye 1995). This has resulted in exten
sive studies o f the three subspecies o f spotted owl, for 
which survival estimates have been published (Table 5). 
The spotted owl is about 25% larger in wing length than 
the tawny owl in our study. Nevertheless, the survival 
rates we have reported for adult and yearling (control 
group) tawny owls correspond closely to those for 
spotted owls o f the same age (see Table 5).

The effect of radio tags on juveniles
Radio telemetry is being used increasingly to understand 
what happens to individual owls between leaving their 
natal territories and being recruited into the breeding pop
ulation (Petty & Thirgood 1989, Rohner 1996, Rohner 
& Hunter 1996, Coles & Petty 1997, M iller et al. 1997, 
Ganey et al. 1998, Overskaug et al. 1999). Natal dis
persal, settlement patterns, pre-breeding survival and the 
role played by non-territorial &lsquo;floaters&rsquo; in population regu
lation are some o f the least known aspects o f owl ecol
ogy. However, we are not aware of any study that has 
tested the safety o f using radio tags on nestling or 
fledgling owls. The approach we used was to test if radio 
tags affected the chance o f owls being recruited into the 
breeding population. W e considered this a crucial test

of fitness, as survival to first breeding is the greatest chal
lenge facing m ost individuals; w ith m ortality rates 
being higher during this period than later in life. Our 
results indicate that radio-tagging had an adverse effect 
on juvenile survival rates, which were 6-11 times low 
er in treatment than in control groups (see Tables 4 & 
5), and importantly, we were able to discount either rear
ing conditions or an imbalance o f sexes in the treatment 
and control groups as factors biasing our results.

A nother explanation for this d ifference between 
groups could be that radios deferred recruitment but did 
not affect survival. However, our results clearly indi
cated that this explanation was unlikely. Furthermore, 
none o f the 1996 radio-tagged cohort were known to sur
vive longer than 178 days post-fledging, and only one 
bird from the 1997 cohort survived to 299 days post
fledging, after which radio contact was lost (Coles 
2000, Coles & Petty 1997). These data further support
ed the idea that different recruitment rates were due to 
greater mortality in the treatm ent group than in the 
control group, not just to recruitment being deferred in 
the treatment group.

W e recorded no negative physical or behavioural 
effects o f radio tags and envisage that the adverse effects

Table 6. Summary of radio-tagging studies o f juvenile Strix owls; - indicates not recorded.
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were linked to an increased weight burden that made 
birds less efficient at foraging and more vulnerable to 
predators, such as northern goshawks Accipiter gentilis, 
which were responsible for at least 10 deaths (C.F. 
Coles, unpubl. data).

Management implications
O ur results dem onstrated clearly a significant nega
tive effect o f fitting radio tags. This has implications for 
similar studies in the future, particularly on Strix owls. 
Previous research on dispersal in spotted owls also 
raised doubts about using radio tags on this age class, 
although tail-m ounted tags were mostly used. Verner, 
M cKelvey, Noon, G utiérrez, Gould & Beck (1992) 
summ arised results from  a number of studies on juve
nile dispersal in spotted owls that used radio-tagging. 
Only one juvenile out o f 56 was subsequently found as 
a m em ber o f a mated pair, but it never nested. No con
trol groups were used in these studies, but if accurate, 
populations would be unsustainable with such low 
recruitment rates. A review of other studies where juve
nile tawny and spotted owls have been radio-tagged gave 
sim ilar results, with high m ortality rates and only one 
bird successfully breeding, although many studies did 
not m onitor juveniles long enough to detect breeding 
(Table 6). Based on all these studies, we believe con
vincing evidence exists for not using back-mounted 
radio tags on this age class o f Strix species. Similar con
clusions may apply to the use o f tail-mounted tags (see 
Table 6), but to our knowledge the impact o f these 
tags has not been tested experimentally. Thus, we rec
ommend that such research is undertaken. This is impor
tant, as the use of large numbers o f radio tags on spot
ted owls, as advocated by Ganey et al. (1998), could have 
a serious effect on a species already under threat from 
forest fragmentation.
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