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Field surveys of large owls were undertaken in coastal. escarpment and tableland forests of
north-east New South Wales in 1990-92. A combination of listening, playback of taped calls and
spotlighting was used at 401 sites. Of these, 354 sites were surveyed at least twice each. Powerful
Owls Ninox strenua were recorded at 76 sites (19%), Sooty Owls Tyto tenebricosa at 74 sites (18%)
and Masked Owls Tyto novaehollandiae at 35 sites (9%). Owls called spontaneousty throughout the
night. but particularly in the early evening and before dawn. The effects of moon visibility and cloud
cover on spontaneous calling rates were not significant. Precipitation and wind were the two most
important factors affecting owl detectability: owls were vocal on calm, dry nights but were not heard
on nights of strong wind or heavy rain. Playback more than doubled the detection rate for all species;
owls responded with distant calls, approached and called from a concealed or unconcealed perch, or
occasionally approached silently. From a subsample of 48 sites surveyed five times each, the
probability of detecting owls on a single visit was 26 per cent for Powerful Owl, 21 per cent for Sooty
Owl and 20 per cent for Masked Owl. The number of visits required in order to determine ow| presence
or absence at a given site, with 90 per cent confidence, is seven for Powerful Owl, eight for Sooty Owl
and nine for Masked Owl. For greater than 50 per cent probability of detection, the required number
of visits per site is three for Powerful and Sooty Owls and four for Masked Owl.

INTRODUCTION

In 1990-92 ficld surveys of the Powertul Owl
Ninox strenua. Sooty Owl Tvio tenebricosa and
Masked Owl 7vio novachollandiae were under-
taken in north-cast New South Wales, in order
to rctate owl occurrence to forest type and
management. The rationale for the study has
been discussed clsewhere (Debus 1994: Dcebus
and Rose 1994: Debus and Chater 1994): these
owls are uncommon or rare. and may be affected
by logging through loss of roost/nest trees and
den sites for arboreal prey. Furthermore. being
predators of vertebrates. they may be usctul
indicators of the ccological integrity of their envi-

Wales. This paper also assesses the probability of
detecting cach of the owl species at survey sites
on only once visit. These aspects may assist future
surveys of these birds.

STUDY AREA AND METHODS

Field work was carried out from 1990 to 1992 inclusive in
coastal, cscarpment and tableland forests between Taree,
Armidale and the Border Ranges. In 1990, 1 conducted
surveys in the Tweed Volcano Region: Border Ranges
National Park: Mcbbin, Wolluinbin, Mooball. Nullum, Whian
Whian and Bungabbee State Forests: Stotts Island. Brunswick
[Heads, Broken [ead and Uralba Nature Reserves: Devils
Pulpit/Mororo State Forests and Bundjalung National Park.

ronment. The results of the study. in terms of the
distribution. status and habitat requirements of
the owls. will be presented clsewhere (Debus,
Ferrier e al. ms: Debus, Ford and Recher ms).
This paper deseribes the methods used. the calling
behaviour of the owls, and their responses to the
survey technique. Many of these aspects have
been discussed by Kavanagh and Peake (1993)
for large forest owls in south-castern New South
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In 1991, T conducted surveys in (a) Chactundi. Paddys Land,
Warra. Oakwood/Glen Nevis/I ondon Bridge and Brother
State Forests (on both sides of the Guy Fawkes gorge):
(b) Mt Boss/Bellangry/Ballengarra and Way Way State Forests
(Wauchope-Kempsey): (¢) Enficld/MDoyles River/Bulga/Dingo/
Knorrit, Kiwarrak, Coopernook/Lansdowne, Johns River and
Middle Brother State Forests (Walcha-Taree). In 19921 con-
ducted surveys in Styx River, Lower Creek and Carrai State
Forests (cast of Armidale-Walcha). with repeat surveys in
Chaclundi, London Bridge and Styx River.
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A range of altitudes and forest structural types was sampled.
from sca level 1o 1000 m. in closed forest (rainforest). tall
open (wet sclerophyll) forest and open (dry sclerophyll)
forest. Survey sites were placed ina range of forest patch sizes
from small remnants (<200 ha) to large blocks of greater than
20 000 hectares. Transects along forest roads and tracks were
selected on the basis of accessibility to a four-wheel-drive
vehicle in wet weather, Survey points were usually located at
approximately I kmvintervals (minimum straight-line distance)
along o transect. but were often extended slightly to the
nearest landmark (c.g. track junction or creek crossing).
Transeets were placed in logged forests subject to routine
management practices. and in unlogged (*old-growth’) forests.
where logging had been deferred pending the completion of
environmental —impact  studies. Each  transect  usually
cncompassed seven to nine survey points. the number which
could be completed in a night of tavourable weather. In total,
H01 such sites were surveyed over the three years.

Almost all (354, 89%) survey sites were visited twice.
usually with approximately one month between consecutive
visits to a site and usually within the same scason. Surveys
were conducted between March and August of cach year,
except that untavourable weather caused some delay until
October in 1991, Field trips were conducted in autunmn and
winter, on the assumption that all three specie. would be
breeding or preparing 1o breed at this time and therefore at
their most vocal and responsive to plavback (cf. Schodde and
Mason 1980). Fortv-seven sites (12%) were surveyed only
onee. owing to time. access or logistical constraints. and ot
these. six were nearby substitute sites for those inaceessible
on the second round. In addition. 48 sites in Chaclundi (20
sites). London Bridge (14) and Styx River State Forests (14)
were resurveyed a turther three times in 19920 giving a total
ol five visits per site. in order to test the repeatability of owl
detections. These repeats were also at approximately monthly
intervals within o vear. and were standardized as far as
possible for weather conditions over the five visits. In practice
cach of these three arcas had tour visits in favourable weather
and one in unfavourable weather: it was wet at nine of 48 sites
(19%) on the third round (London Bridge section only) and
windy at nine sites (19%) on the fifth round (parts of
Chaclundi and Sty River sections),

The survey weehnigque was a modification ot that described
by Kavanagh and Peake (1993). and incorporated some ot
their recommendations where possible. Their basic procedure
was followed. the main departures being a shorter listening
period (13 min vs 1 hour exeept at sunsct). no use of remote
recording equipment. inclusion of Masked Owl playback calls,
and spotlighting after cach species™ plavback. At each site. a
listening pertod of 15 minutes was tollowed by broadeast of
tupe-recorded calls of Masked. Sooty and Powerful Owl (in
that order. i.e. according to size lest the largest species
inhibited the others). Each species™ calls were broadeast for
live minutes. tollowed by 1-2 minutes of stationary spotlight-
sweeping after cach species” broadeast (total § min spotlight-
ing per site). After the final broadeast/spotlight at a site. ]
listened tor responses tfor up to a turther five minutes then
drove o the next site on the transect. spotlighting en route
(>1 000 km of such spotlight-driving over 125 nights). Listen-
ing commenced at sunset. with the lirst playback an hour later
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when it was dark:  repeated the sequence until about 2300
hrs then resumed from about 0330 hrs until dawn. T camped
on the transect. at the first pre-dawn site. and occasionally
obtained incidental records of owls calling between 2300 hrs
and the first pre-dawn count.

For playback 1 used a National Panasonic RX-CW26 twin-
speaker. portable  cassette player of 8 watts output at
maximum volume. Broadcast calls trom the vehicle bonnet or
roof were audible, under optimal conditions, at ¢. 600 m for
Tvio calls o ¢. 1 km for Powerful Owl. as determined by field
testing and by the distances (some measured) at which owls
replicd. For maximum effect. the graphic equalizer was set at
maximum on the three highest frequency bands (1. 3.3 and 10
kHz) and minimum on the two lowest bands (100 and 300 Hz)
for Tvto screeching/screaming calls. and the opposite tor
Powerful Owl hooting calls (maximum setting for 100, 300
and 1 000 Hz. and minimum for 3.3 and 10 kHz bands: see
sonagrams in Kavanagh and Peake 1993). This, equivalent to
a treble setting for Tyvto and bass for Powerful Owl on a
machine with a “tone’ dial. matched the properties of the owls’
calls and enhanced playback volume. During playback 1
moved to a stationary position sufficiently far from the vehicle
(20 m or more) to avoid the interference effect and to detect
simultancous animal vocalizations. For spotlighting [ used a
12 volt. 100 watt hand-held light.

At cach site T counted the number of nocturnal birds and
arboreal marsupials detected in the listening period. playback/
spotlighting or both: whether they were seen. heard or both:
and their estimated distances from the point. [ also recorded
the moon phase and whether the moon was visible or not. and
weather details. Cloud cover was scored in cighths (pooled as
two classes for analysis: greater or less than hall)., Precipita-
tion was scored as dry (0). Tog or mist (1), drizzle (2) or rain
(3). pooted as two classes for analysis (0 1. 2-3). Wind was
scored on the Beaufort scale: calm (0). light breeze (1: leaves
moving). light wind (2: upper branches moving). strong wind
(31 main branches moving), also pooled as two classes for
analysis (0-1. 2-3). [n practice. counts were often abandoned
if rain consistently reached 3 for most of a night and/or wind
trequently exceeded 3 (4 = gale. trunks moving). [ drizzle
was sufficiently intense to wet the cassette plaver under its
umbrella shelter. playback was abandoned and the listening
period was doubled, with intermittent imitations of Powerful
Owl calls for about & minute at the end. This oceurred at 38
sites. but 21 of these were visited more than twice in order 1o
achieve two playbacks: only 17 sites received one ceffective
and once abortive playback. Similarly. 17 sites were too windy
for clfective playback on one of two visits. but six of these
were visited more than twice ta compensate. Such sites in the
Border Ranges required up to four or five visits in order to
achicve two effective visits on nights of reasonably favourable
weather.

The cffect of environmental variables on owl calling was
tested by x°. the expected frequency being caleulated as
1 cases (for cach species) x a2 counts in cach class/total counts.
The number of counts in cach category was not cvenly
distributed, with relatively few counts in rainy weather.
P < 0.05 was the criterion used for statistically significant
differences.
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Sooty Owlealls are defined as follows. Serean: the so-called
Halling bomb™ whistle. varving in intensity from a shrill siren
to a plaintive wail: a variant is a strident or “urgent’, haisher
version. Irdls downscale, inseet-like  stridulations. Hursh
screcch: Masked  Owl-like  rasping but nmore  prolonged.
downsfurred and menacing or cchurring’. sometimes with
hard™. grating verston of trill: apparently a high-intensity
threat call. [This rarcly heard call is not widelv known or
reported. but one clear view established the caller as an
angry” adult Sooty Owl: this species does occasionally give a
NMasked  Owl-tike sereechs cogl Flvem in Debus (19934).
Chaler and  Anderson (1994, wvenile  begging:  long.
descendmg, wheezmg rasp. Masked Owl calls are defined as
tollosss. Serecechs neh. deep and loud version of Barn Owl
Tvro alba raspmg hiss (see Debus 1990, 1993b: Debus and
Rose 1994). Chaner: vapidly repeated notes. sometimes: with
a squeaky quality . varymg in tensity from a low rattle o a
loud. petulant cackie. Sooty Owl calls broadeust were two
sequences ol sereams (cach note an about 5210 see. intervals).
followed by o sequences of the trille Masked Owl calls
broadeast swere antermmttent doud  sereeches and subduced
chatwermg.interspersed with =10 seconds of silence. Powerful
Ol calls broadeast were two long hooting sequences (slow
woo-Trae call) fenale Tollosved by nade (the sexes distinguish-
able by piteh and inflexion: male lower. slower and sceond
note deseending: female seeond noke rising). See Kavanagh
and Peake (1993) tor sonagrams of Sooty and Powertul Owl
calls,

Mark-recapture theory was employed to estimate detection
probabilitics . hy assuming that an owl repeatedly detected at
A given site (over five visits to 8 sites) was the same individual
or member of o territorial pair. This analvsis was performed
using  a non-parametric frequency-of-capture  technique
described by Overton (1971). Dr Simon Ferrier (NSW
National Parks and Wildlite Service) performed the caleula-
tions on the survey data. This method enables estimation of
the number of sites at which owls were present but missed,
and henee an estimate of the total number of sites at which
cach species was potentially present. Simple probability
ticory was then used o caleulate the probability of detecting
an owlon a given number of visits, The probability of detection
after 7 vists was caleulated as [T — (1 = P)7], where P s the
probability of detecting an owl on one visit. The 48 sites were
in optimal Powerful Owl habitat (tall cucalypt forest on the
castern cedee of the tablelands), but more than hall (28 in
London Bridge and Stvx River) were at the western edge of
the Sooty Owl's range in the region. in possibly suboptimal
habitat for this species. Some sites in Chaclundi (c. 1)) may
have been in suboptimal habitat (too wet or dense) for
Masked Owls.

Detection probabilities from the 48 sites were used to
estimate the number of owls missed at sites surveved onee or
tadee. Sie dave were cutled swhere rain or wind execeded 2
for one of two visits, 10 leave 247 wsites surveyed twice in
tavourable weather and OX sites surveyed once (with eight
sites culied where rain or wind excecded 2 on both visits). The
total number of sites at which an owl species wits present was
caleulated as 0Py or ny/P>o where ny and n> are the number
of sutes at which the species was recorded over one and two
visits. and Pyoand P.oare the probability of detection on one
and two visits,
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RESULTS

Powerful Owls were recorded at 76 sites. Sooty
Owls at 74 sites and Masked Owls at 35 sites (19,
I8 and 9% ol sites. respectively): a ratio of 2:2:1.
There was some overlap. with two or three owl
species recorded at some sites. Overall, at least
once owl species was recorded at 1444 sites (36%
or a third of total sites). One owl species was
recorded at 113 sites. two owl species at 24 sites
and three owl species at seven sites. Where two
species were recorded, it was usually Powertul
Owl with a Tyio species (14 cases with Sooty Owl,
7 with Masked Owl). The two Tvo species were
recorded at three sites. Where three species were
recorded. all three called spontancously on the
same night at two sites: at another two sites, all
three species responded to playback on the same
night: and at three sites the three species were
detected over different nights.

Within the study area owls were encountered
on 218 occasions. of which  Powerful  Owls
contributed 90 (41%). Sooty Owls 89 (41%) and
Masked Owls 39 (18%) detections. Virtually all
detections were made by the stationary listening/
playback technique. Only one Powerful Owl was
seen. perching in a roadside tree. inover 1 000 km
of spotlight-driving  between  sites. and  no
Sooty or Muasked Owls were detected by this
method during the survey. However. I have three
incidental records of Masked Owls on low road-
side perches, in or on the edge of forest, seen by
spotlight or in vehicle headlights (not during this
survey).

There were 910 counts on which the full play-
back technique could be used. On 82 (9%) of
these. a forest owl called spontancously before
playback. On 106 (129%) of these. a forest owl
was detected only by plavback. Overall, at least
one owl species was detected on 188 (21% or a
fitth of) such counts. The use of playback
accounted for 56 per cent of owl detections.,

Maximum distances at which owls were heard
calling were estimated at greater than 1 km
(occasionally up to 2 km) for Powertul Owl and
at least 500 m for Tyto species. particularly the
Sooty Owl. Maximum distances at which they
replied  to tape  playback  (inferred  as  the
maximum cffective playback range in forest) were
¢. 1 km for Powerful Owl and c. 500 m for Tyto
species. Sooty Owls™ calls in the field seemed
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TABLE 1

Spontancous calling behaviour of owls in relation to environmental variables. SS = sunset, SR = sunrisc.

Cloud cover scored as eighths. Rain and wind scores explained in text. Numbers in parentheses are

number of observed cases. Data from 401 sites (963 counts). Includes nine incidental observations

(six Powerful Owl. three Sooty Owl) at survey sites outside count times, between 2200-2300 and
0300-0400 hrs. Signilicance level (x°. P < 0.01%%) shown,

hatter 88 h before SR Moaon Cloud Rain Wind

Species <2 24 >4 20 <2 wis. onot <5 >4 (-1 2-3 -1 23
ncounts (963 259 308 163 120 104 405 560 599 366 856 109 732 233
Powerful:
male (23) 2 g/ o] 6 3 11 2 14 9 22 1 2 |
female (11) 6 2 | 0 2 6 b 1) 6 1 0 11 1]
par duet (11) 2 3 & 2 ! 3 8 7 4 Il 0 11 0
Total (45) 10 (e 9 8 6 20 2 26 19 44 1 44 %
Soaty (38) 13 O 6 4 9 21 17 23 15 [+ 3 33 5
Masked (17) h 3 3 | %) 5 12 10 7 17 0 16 |
All owls (100) 31 21 I8 1) 17 46 54 59 41 94 6 93 7/
““Powertul Owl. wind: x* = 10.7. d.t. = [; all owls combined. wind: x* = 15.06. d.f. = 1: all other
cases. moon and weather classes: x° < 3.84. df. = [P > 0.05.

louder and more far-carrying. sometimes audible TABLI: 2

to perhaps 800 m or more depending on
topography. than could be achieved by the
playback cquipment.  Sooty Owl  calls  may
have a range of up to | km (Kavanagh and
Peake 1993).

Spontaneous calling

Spontaneous calling by all three species was
infrequent: Powerful Owls were heard on 45 (5%)
of 965 counts; Sooty Owls on 38 (4%) and
Masked Owls on 17 (2%). in a region that
supports relatively high densities of these owls
(unpubl. data). Several trends arc apparent in the
calling behaviour of all threce species, although in
many cases sample sizes arc small (Tables | and
2). For the Powerful Owl, male solo hooting was
about twice as frequent as female solo calling or
pair ductting. Males tended to call later at
night, whereas females perhaps called morce
at dusk: ductting occurred throughout the night.
Spontancous calls of Sooty and Masked Owls
were almost invariably the scream and screech
respectively: both called commonly at dusk (roost
departure), with perhaps a minor peak again at
dawn just before going to roost, as well as
throughout the night. All three species sometimes
called between sunset and dark. or between first
light and sunrise.

Vocal behaviour of owls at survey sites. S = spontancous calls

during listening period only, no response to playback.

B = called spontancously then responded to playback.

P = responded to playback onlby. no spontancous calls during

listening period. Number = n observed cases in cach category
(out of Y63 counts. at 401 sites)

Species/eall type S B P Total
Powcrful:
male 7 3 7 27
female 5 6 28 39
duct 6 A 13 22
stlent approach | |
juvenile beg | I
Total 28 12 S0 90
Sooty:
SCredam 23 7 27 X7
trill 1 0 1B 14
both 1 6 i
harsh screech 4 4
pair samy/ 2 2
screech/rill
silent approach 2 2
juvenile beg 3 3
Total 24 10 33 89
Masked:
screech 16 11 27
chatter 6 6
both | $ 6
silentapproach 0 0
total 16 | 22 39

fintwo of the cases. only the temale replied o the tape.
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Powerful Owl duetting invariably consisted of

a bout of hooting by one sex tollowed by a bout
of hooting by the other. unlike the antiphonal
(alternate) hooting by male and female that is
commonly used by ductting Southern Boobooks
Ninox novaeseelandiae  or Barking Owls AN,
connivens (pers. obs.). Ductting was heard by two
Sooty Owl pairs that were moving through their
respective territories. In the first case. the male
(?7) gave a scream, two harsh screeches and
several  short. Curgent”  screams,  cach  call
interspersed by a short trill from the female (?).
In the second case. the female (7) screamed, the
male (7) gave an ‘urgent” scream. the female then
male trilled. and the female screamed. the male
meanwhile moving towards the female’s position.

Moon visibility appeared to have little cffect
other than on Powerful Owl ductting. which was
perhaps more frequent when the moon was not
visible: results (x°. moon visible vs not) were not
significant for any species (x* = 0.03-2.29,
d.f. = 1. P> 0.05). All three species called equally
on clear and on overcast, dry nights (cloud <5 vs
>4 xT = 0.00-0.18, d.f. = 1. P > 0.05). Rain
and wind had the most pronounced  coffect.
Although trends were apparent, the only results
to reach signiticance were wind on total Powerful
Owl detections (0=l vs 2-3 x> = 10.7. d.I = 1,
P < 0.0]) and on all owl dctections (x* = 15.06,
d.f. = 1. P < 0.01). All three species were heard
morce on dry. calm nights. with Sooty Owl slightly
morce tolerant of wet or windy conditions. A
Sooty Owl was heard once when rain rated 3. but
owls were otherwise not heard when rain or wind
exceeded 2.

TABLE 3

Owl response behaviour to playback, Distant reply = called
more than 100 m away. did not approach. Approach =
attracted w within 100 m (often <50 m) of tape. Number =
1 cases observed (B01 sites: 965 counts). In cases of Powerful
Owl duetting, male and temale responses treated separately.

Distant Approach

Species/sex reply heard only seen both
Powertul:

male 24 1l 0 0

temale 87 K 0 LO*

¥ 0 0 | 1
Sooty 36 20 2 7
Masked 7 6Y 0 10

‘defended strongly: "begging juvenile with sifent parent: ‘stayed
hidden behind foliage although close, three of these were
begging juveniles; Ystayed out of sight although close.
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TABLE 4

Owl response to playback in relation to weather. Number =
n cases observed of pairs or single birds reacting to tape (ol
sites; 963 counts). Includes cases of spontancous calling before
reply to playback. Rain and wind codes explained in text:
playback abandoned but listening period doubled when rain
>2. Signilicance levels (x*. P < 0.05% P < 0.01°%) shown.

Rain Wind
Spevices (-1 ) 0-1 2-3
n counts (V65) 856 109 I 233
Powerful Owl 62 Q= S0 &
(n=062)
Sooty Owl S8 7 50 6 F
(n = 65)
Masked Owl 2 1 32 I3
(n =23)
Powerful: rain x* = 6.81.d.f. = Lowind x2 = 11.63.d.f. = |.
Souty: rain x° = 301 d.I. = 1 wind x* = 7.11.d.[. = 1.
Masked: rain x* = 0.53.d.f. = 1: wind x? = 3.97. d.I. = 1.

Response heliaviour

Three  important  conclusions  from  Tables
2-4 are: (a) that owls tended either to call
spontancously or to respond to playback. but
seldom did both: (b) that use of playback more
than doubled the chance of owl detection: and (¢)
that usc of playback did not increase the detection
rate in wind or rain.

There were many  cases of owls  calling
spontancously  but then not responding  to
playback. or silence during the listening period
then a response to playback. Comparing the
number of owl detections before playback with
the number obtained only by playback, the results
for the three species were as follows: Powerful Owl
40 versus 50 detections (56% by playback only):
Sooty 34 vs 55 (629); Masked 17 vs 22 (56%).

Owls responded in calm. dry weather but not
in wind or rain, again with an indication that
Sooty @wls may be morc tolerant of wet or windy
conditions: no responses were heard when wind
exceeded 2. Results reached  significance for
Powerful Owl in dry versus wet weather (x° = 6 .81,
d.f. = 1. P < 0.01). and for all three species in
calm versus windy weather (Powerful: x* = 11.63,
Jdf. =1, P DOL; Sooty: 3F = 111, dF. = 1,
P < 0.01:Masked: x> =3.97.d.f. = [. P <0.05).

Other trends are apparent from Tables 2-4.
Powerful Owl males defended their territories
weakly, from a  distance.  whereas  females
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TABLE 5

Owl vocal behaviour and response (o playback by month. S = spontancous calling. P = replied o

playback (some overlap with S where calling birds also responded). Numerals are numiber of individual

cases observed in cach behavioural category in cach month. Total = n cases of calling. responding or

both. Mean (%) = n responses per night. omitted where sample size too small (<301 sites. 965 counts:
mcan 8 counts per night).

feb My Apr. May

N nights (125) 1 to 26 16
Powerful:

S | S 7 10

® 0.5 0.27 0.63

P 3 t 14 12

< 0.5 0.54 0.75

total 3 15 18 21

X 0.94 0.0 1.3
Sooty:

5 | 7 O 2

5 0.-44 0.23 0.13

1 3 8 11 I

< 0.5 0.42 0.6

total 4 12 16 13

X (.75 .62 (.81
Maskead:

S ! - O .

N 0.25 0.23 0.25

1% ] 2 k) O

N 0.13 0.19 (.38

total | O 11 10

X .38 0.42 0.63

June Tuly Aug. Sept. Oct.

23 15 20 | 6
8 0 6 0 I
0.35 [0} 0.3

11 1 10 0 |
0.8 0.07 0.5

15 1 14 0 1
0.65 0.07 0.7

7 7 O () 0
0.3 0.47 s

6 7 7 0 5
(.26 0.47 =33

Il 12 Ul 0 5
(.49 08 0.55

1 0 | 0 0
0.0:1 0 0.05

0 | 2 0 0
().26 0.07 0.1

8] | ) (0 0
0.26 0.07 (]

defended strongly by replyving more frequently,
and sometimes by perching overhead. glaring and
bristling, performing  fly-overs. and  once by
swooping over and almost striking the obscrver
who was imitating a female call. Buct responses
often scemed to be initiated by females. One
defending bird arrived silently, but was betrayed
by a begging. fully plumaged vyearling that
accompanied it. Sooty Owls typically responded
with a distant scrcam. and/or approached silently
and trilled from a usually concealed perch. Two
cases were detected where a bird arrived and
departed in silence. Masked Owls responded with
a distant screech or by approaching silently then
chattering from an often unconcealed perch; in
two cases a bird perched silently but departed
with a screech when discovered by spotlight. Both
Tyto species occasionally performed fly-overs,
and one male Masked Owl circled above the tree
canopy. chattering. Some Tyio replics were
delayed until after the playback sequence had
cntirely - finished  (i.e.  after  Powerful  Owl
playback). and their first replies occasionally
occurred during playback of their congener’s
calls (Sooty answered Masked and vice versa).
That is, playback of other species’ calls sometimes

stimulated calling: Powerful Owl playback (at
lcast sometimes) did not inhibit calling by Tyro
species. Powerful Owls often took up to five
minutes or more to reply. and in several cases did
not reply until the start of the next count | km
down the transcct and 10 minutes after the previous
playback finished (scored as a responsc at the
previous site). Response times were not noted
accurately. but a reasonable estimate of the mcan
response time for Powertul Owls is approximately
S+ 1 minutes. There were also ¢. S cases where
Powerful Owls were first heard calling within 1 km
of a site 2-3 hours after plavback at that site,i.c.
they were not detected during the count or play-
back times at c. 2300 hrs but called much later.
at around 0100 hrs.

Powerful Owls responded as a pair on 14 (23%)
of 62 playback responscs, with an additional casc
of a juvenile accompanying an adult. Sooty Owls
responded as a pair on only two (3%) of 65
playback responscs: in both cases the members
had been calling to each other before playback.
There were no cascs of Masked Owls responding
in pairs (n = 23 responscs). but onc case where
two neighbouring males responded simultaneously
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on their mutual territory boundary. One remained
perched while the other circled in tlight 100-200 m
away and retreated a further 100 m to a perch:
both were chattering continuously. Once they had
arrived. responding 7yvto owls sometimes counter-
called at the tape (trill/chatter, simultaneously
with or immediately after cach broadcast call).
Powerful Owls waited for prolonged silence
before giving a hooting sequence in turn.

Seasonality of calling and response

This study was confined to autumn-winter.
within which some trends were apparent (Table
5). Powerful Owl calling and defence were
strongest from March to June. coinciding with the
pre-laying. laying and incubation periods of this
highly scasonal breeder (cf. Schodde and Mason
1980). Sooty Owl calling and defence  were
consistently high. if somewhat variable. through-
out autumn and winter: perhaps a slight bimodality,
corresponding with the bimodal laying season of
this species (autumn and spring, cf. Schodde and
Mason 1980). Masked Owl calling and response
were highest from March to June, with some
inter-ycar diffcrences: most  of  the  strong
responsces occurred in 1992 at sites where Masked
Owls were not detected during previous surveys
in 1991,

Probubtlity of detection

Powerful Owls were detected at 9-14 sites per
round, out of 48 sites surveved five times cach
(mecan 12 per round, 25%: Table 6). Sooty Owls
were detected at 4-7 (mean 5.4, 119%) sites per
round. Masked Owls were detected at 1--6 (mean
3.6, 8%) sites per round. After five rounds of
surveys. the cumulative number of sites at which
Powerful and Sooty Owls were detected was
apparently starting to  plateau, but was stifl
increasing  for  Masked  Owl  (respectively,
recorded at 75, 40 and 31% of sites by the fifth
round: Table 6. Fig. 1). Based on the mark-
recapture analysis, the detection probabilitics on
a single visit were 26 per cent for Powerful Owl,
21 per cent for Sooty Owl and 20 per cent for
Masked Owl (Fig. 2. Appendix 1). The resulting
profiles reveal that the number of visits required in
order to achieve Y0 per cent probability of detection
is seven for Powerful Owl, cight for Sooty Owl
and nine for Masked Owl (Fig. 2, Appendix 1). For
greater than 30 per cent probability of detection,
the required number of visits is three for Powerful
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TABLE 6

Number (proportion) of sites at which owl species were
recorded during cach of five visits (48 sites, cach surveyed five
tmes). Chaclundi State Forest (20 sites): high densities of all
three species: London Bridge and Styx River State Forests (14
sites cach): high densitics of Powerful and Masked. but
possibly suboptimal habitat for Sooty. Wet weather at nine
sites (19%) on third round (London Bridge sites only): windy
weather at nine sites on fifth round (some Chaclundi and Styx
River sites).

Round
2 3 4 5
Powerful:
0 sites 14 13 9 13 11
(0.29)  (0.27)  (0.19)  (0.27)  (0.22)
n new sites 9 3 8 &
n cumulative sites 4 23 26 34 36
(0.29)  (0.48) (0.54) (0.71)  (0.75)
Sooly:
nsites 6 4 S S
(0.13)  (0.15)  (0.08)  (0.1) (0.1)
nnew siles 5 4 1 3
n cumulative sites 6 11 5 10 19
(0.13)  (0.23)  (0.31)  (0.33)  (0.40)
Masked:
nsites | ) 4 6 3
(0.02)  (0.06) (0.08) (0.13)  (0.08)
n new sites 3 3 5 3
n cumulative sites 1 4 7 12 1S
(0.02)  (0.08) (0.15)  (0.25) (0.31)
40
— @ — Powerful
- —
2 30k Sooty
=1 —=— Masked
oy
>
g
g 2
E
=
o
< 10—
0
0 1 2 3 4 5 6

Visits
Figure 1. Detection curves for owl surveys, as number o[ sites

(total 48) at which a species was detected. against
number o [ visits (total 3 per site).
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[igure 2. Detection probability curves for large forest owls in
northi-cast New South Wales: probubility of detecaion
versus ntonber o f visics per site.

TABLE 7

An estimate of the number of sites at which owls were missed,
atsites surveyed once (98 sites) or twice (247 sites) in favourable
weather. caleulated from detection probabilities based on 48
sites surveved five times (Table 6. Appendix 1 total 393 sites
surveyed at least once in favourable condittons). Percentages
arce caleulated as the proportion of sites at which a species is
expected to oceur (e, detected + mussed). The correction
factor (expected/detected) estimates the total number of sites at
which owls were present. for novisits per site. Expected number
of sites at which a species is present (E, i.e. n sites at which
owls occurred) = number of sites at which owls were detected
(DY probability of detection for n visits (P), 1.c. E = D/P.
Number of sites at which owls were missed (M) = (E-D).
Thercfore. %M = M/E: %D = D/E. Correction factor
(C) = L/D. therefore € x D = E. Figures in parentheses
are pereentages

n sites n siles nsites
owls owls owls Correction
Species detected missed  expected factor
Powertul:
1 visit Il (26) 31 (7 12 3.8
2vasits i8 (45) 31 (55) @42 2l
S visits 36 (78) 1'0n(R2:) 46 I8
Total 75 (30) 75 (50) 150
Soolty:
| visit 9 (21) 34 (79) 43 4.8
2 visits 38 72 (62) l16 2.6
S visits 19 (68) Y (32) 28 1.5
Total 72 (39) 115 (61) 187
Masked:
1 visit 9 (20) 36 (86) 45 5.0
2 visits 11 (3%) 20 (65) 31 2.8
S visits 15 (68) 7 S2) P IS
Total 35 (36) 63 (6:4) 98
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and Sooty Owls and four for Masked Owl. Apply-
ing the probabilitics to sites effectively visited
once or twice shows that these owls were missed
at 70-80 per cent of expected sites visited once,
and 55-05 per cent of expected sites visited twice
(Table 7). In other words. a single round of
surveys detects these owls at only a quarter to a
fifth of potential sites, and two rounds detect
them at a third to a half of potential sites.

Ovcerall, Poweriul Owls were missed at an
estimated 75 sites (19%). Sooty Owls at 115 sites
(299%) and Masked Owls at 63 sites (16%) out of
the 401 sites. From the detection probabilitics,
the correction factors that must be applied (Table
7) give an estimate of the total number of sites at
which cach species should have been present in
the study arca: Powerful Owl at 150 sites (37%),
Sooty Owl at 187 sites (47%). Masked Owl at 98
sites (249%).

DISCUSSION
Cualling, response und weather

The fact that low-frequency Powerful Owl hoot-
ing can be heard over a greater distance than
high-frequency  Tyto  screcching/serecaming  is
consistent with a general rule of acoustics. The
lower the frequency, the farther the distance
travelled by the sound: or, attenuation of sound
over distance s greater at higher frequencies
(Rossing 1990; J. Brettell. pers. comm.). The
results of this study, in terms of the estimated
audibility range of Powerful versus Sooty Owls,
arc consistent with the acoustic properties of their
calls. It would be cexpected that, in humid
conditions. Sooty Owl screaming at fundamental
frequency c. 2 kHz is attenuated by at least twice
the rate of that of Powerful Owl hooting at
between 0.5 and 1 kHz (cf . Kavanagh and Peake
1993: Kayce and Laby 1978: 63).

It was not clear during this survey whether the
owls reduced their calling rates during wind or
rain, or whether they could not be heard as well
under such conditions. Fleay (1968) noted that
Powerful Owls were inactive during high wind or
heavy rain. Sooty Owls were detected readily at
close range (<200 m) during this survey when
they did call (high-frequency scream) during wind
or rain. suggesting that the lack of records during
such conditions reflected a lack of calling by
owls rather than poorer detection, at lcast over
short distances. However, long-distance sound
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transmission is adversely affected by wind and
rain. Atmospheric turbulence and rain arc among
the factors affecting sound propagation (Parker
1988: Rossing 1990): wind and air turbulence arc
also among the important ambient (background)
sounds limiting the hearing of owls. through the
interference effect (Martin 1990). Theretore, owls
may not call under conditions unfavourable for
long-distance sound transmission.

The results of this study. in terms of owl calling
behaviour. response types and detection rates in
relation to time of night, weather and listening
versus playback, are generally similar to those
reported  for these species by Fleay (1968).
Roberts  (1983). Beruldsen  (1986).  Hollands
(1991). Kavanagh and Pcake (1993). Hyem (in
Dcbus 1993a) and Chater and Anderson (1994).
The owls in this study gave a varicty of response
types to playback. and a variety of call types in
the case of 7vio species. The Barred Owl Strix
varia and Tawny Owl S. aluco give a similarly
graded series  of  calling  and  behavioural
responses, culminating in challenge or attack of
the cintruder” (human imitation or  playback
amplificr); males react faster but females are
morce aggressive (Bosakowski er af. 1987, Galeotti
and Pavan 1993).

The results of this survey. in relation to
cnvironmental and temporal variables, are also
broadly similar to those for owls on other
continents. Wind. in particular, and precipitation
arc the factors most affecting owl detectability
and response. Wind may  obscure owls™ calls,
render them difficult to distinguish. reduce therr
audibility range by a factor of up to 10. limit the
range of playback, and reduce the observer's
ability to sce or hear responding owls: it may also
cause reduced owl activity through difliculties n
flight or foraging. or in hecaring prey (Palmer
1987, Smith and Carpenter 1987, Gerhardt 1991).

Seasonality

It is apparent from Table 5. from incidental
records clsewhere in November and  January
(pers. obs)). and from other owl survey work in
July-December 1991 (with R. Kavanagh for the
NSW Forestry Commission), that all three species
call or can be induced to call in virtually all
months of the year. However. the intensity of
spontancous calling or response may vary season-
ally. There may also be annual variation m breeding
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activity by Tvio owls. refiected in calling and
response rates (c.g. Schodde and Mason 1980).
This is suggested by the sudden upsurge of
Masked Owl records in this study in 1992,
compared with 1990 and 1991: perhaps autumn
1992 was a good laying scason for Masked Owls
in the study arca. A similar ceffect. of annual
variation in calling intensity with fluctuations in
populations of small mammals (and henee in the
likelihood of successtul owl breeding). has been
recorded in some Northern Hemisphere owls
(Palmer 1987, Smith and Carpenter 1987). Over-
all, this study detected little effect of scason
(within years) on owl calling or response, a result
consistent with other owl survey work m Australia
(Kavanagh and Peake 1993: Hycm in Debus 1993a;
R. Kavanagh. unpubl. data). This contrasts with
the highly seasonal owl calling and breeding, and
harsh winters, in the Northern Hemisphere (e.g.
Bosakowski er al. 1987, Palmer 1987).

Detectability and abundance

The survey results suggest that within the study
region Powerful and Sooty Owls are similar in
abundance and about twice as numcrous as
Masked Owls. However. some caution is needed,
as the detection radit for Powerful Owl versus
Tyto differ. Powerful Owls can be heard over at
lcast twice the distance. and there were some
cases of the same bird(s) being heard at two sites
1 km apart. Powertul Owls, therefore, may occur
at lower density and have a larger home range
than Sooty Owls. Furthermore, the probability
data (Table 6, Fig. 1) support a field impression
that the Masked Owl is less detectable than the
others. There are several possible reasons: (a)
Masked occurs at lower density in the region and/
orindividuals range more widely: (b) dense forest
is not its prime habitat; (¢) its calls are less
distinguishable above background noise: (d) it
may call less or sometimes respond less strongly
to playback (i.e. it may be less territorial: see also
Debus 1993b). The Masked Owl's detection curve
may also have been biased by annual variation in
breeding activity (responsc). with an increase in
the detection rate (i.e. new sites) towards the end
of the study. perhaps associated with greater
breeding activity than in 1990-91.

Because over half the Sooty Owl detection sites
were in possibly suboptimal habitat, the probability
profile for this species may be a slight under-
estimate.  This owl may occur at a higher
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proportion of sites in prime habitat. with a higher
cumulative total, where its detectability profile
may approach that of the Powerful Owl. This may
also apply to the Masked Owl. when  the
characteristics of its prime habitat are known and
surveys are carried out in sample arcas within a
single vear. The detectability profiles apply to the
region surveved, and may be different clsewhere:
this requires study in other regions/habitats.

The detection probabilities suggest that sites
surveved only once or twice will greatly under-
estimate the owl population in a given region. and
that at lcast three rounds of surveys arc required
for greater than 50 per cent probability of detection
of these species at given sites.

Survey implications

The survey results are generally in agreement
with those of Kavanagh and Pcake (1993). The
combined results of both studies, and additional
records of calling or responding owls (pers. obs.;
Hvem in Debus 1993a: Kavanagh. unpubl. data),
allow some conclusions on the technique:

(1) Owls call and respond in all months. there-
fore surveys may be conducted at any time ol
the year.

(2) The onc-hour listening period at dusk, and
surveys during the carly part of the night and
pre-dawn, are important times for detecting
spontancously calling owls.

(3) Powcrful Owl calls apparently do not inhibit
the other two species. Given the sometimes
delayed response of owls, Powerful Owl calls
could be placed carlier in the playback
sequence and a ten-minute listening period
built in at the end of playback/spotlighting (as
1s the procedure of R. Kavanagh). Similarly,
Masked Owl calls could be broadcast last in
the sequence  because  the  less  dramatic
response will not be obscured by ensuing play-
back of other species (P. Peake, pers. comm.).

(4) Playback morce than doubles the detection
rate (56% of Powerful, 629% of Sooty, 56%
of Masked Owl records in this survey), and is
therefore an important component of owl
surveys. This need not mean that if observers
arrive at a site and only do playback, they will
miss 4 per cent, 38 per cent or 44 per cent,
respectively, of detections (i.e. they would
detect those birds already calling on arrival) .
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(5) Spotlighting 1s important for detecting owls
that approach silently, but random spotlight-
driving is of no usc in surveying these large
owls.

(6) Wet and/or windy nights should be avoided.

(7) At least three visits arc required if the aim
15 better than 50 per cent confidence of
determining the presence of an owl species at
a given site. For 90 per cent confidence, more
than six visits arc required (seven tor Powerful,
cight for Sooty and nine tor Masked Owl).
Kavanagh and Pcake (1993) drew attention
to the requirement in North American owl
surveys of six visits to a site within a given
breeding season in order to confirm owl
occupancy.

(8) An inter-site distance of 1 km is suitable for
Sooty and Masked Owls. but is too close for
Powerful Owls. In order to avoid detecting
the same bird(s) at two sites, Powerful Owl
survey sites should be 2 km apart. The | km
interval for Sooty and Masked Owls assumes
that double-counting should not be a problem
for these species. on the grounds that their
calls are probably audible (to humans) at less
than I km or tape playback is audible to them
at less than 800 m in forest. This docs not
mecan that their territories arc I km apart or
closcly spaced.

The mean detection radii. from the audibility
of spontancous calls versus playback and the
approximately equal number of detections in cach
category, are assumed to be 1.5 km for the
Powerful Owl and 800 m for the 7yio owls. This
1s consistent with conclusions on the audibility of
powcerful and Sooty Owl calls (Kavanagh and
Peake 1993) and the use of 800 m inter-site
distances for Sooty Owl playback surveys (D.
Milledge, pers. comm.). These values are used
clsewhere to estimate the arca sampled, and
henee to estimate population sizes of these owls,
in northern New South Wales (BPebus. Ford and
Recher ms).

Some caution is required in the use of playback.
It is possible that frequent playback in the vicinity
of occupied territories or active nests may inhibit
breeding or have an adverse effect on breeding
success. if it causes owls to devote excess time and
energy to defence against “intruders™ time other-
wise spent in courtship, nest preparation. food
provisioning. or attendance of cggs or nestlings.



48

Habituation may also be a problem, where owls
reply on initial playback attempts but refuse to
answer playback on subscquent visits (Powerful
Owl: pers. obs.: R Kavanagh, pers. comm.). it
the aim is to monitor occupancy over time.
Observers should be alert to owls arriving and
obscerving them silently on these later visits.
Galeotti and Pavan (1993) found that for the
Tawny Owl. which has individually recognizable
calls. response intensity is higher when playback
is of a stranger’s calls than when a known
ncighbour’s calls.  Also. that the intensity of
response to a stranger decrcases with repeated
playback of that call: response to ncighbours
remains weak. Furthermore, these owls have long
memories tor the calls of known individuals:
Galcotti and Pavan used playback intervals of a
month in order to minimize habituation. The
explanation  given for this neighbour-stranger
discrimination is  that it minimizes needless
aggressive acts and prevents escalated contests
between scttled territory-holders. The contestant
roles arc presumed to be established from the first
contest. henee the declining response to “known’
strangers (i.e. playback amplificrs, which retreat
after a response). Therefore, repeated visits to
confirm occupancy could profitably usc different
playback scquences. from various sources, on
cach visit or at lcast rotate two or three tape
scquences over several visits. Intervals between
playbacks should also be long. e.g. a fortnight to
a month. Nevertheless. habituation did not occur
with frequent playback in one study (Mottled Owl
Swrix virgata: Gerhardt 1991),0 and  this may
be the case with forest Tyto: this aspect requires
study.

Beluwiowral aspects

Many of the survey results can be explained or
interpreted i the light of the owls™ social
behaviour, habitat, sensory capacities or acoustic
properties of their calls (c.g. Schoddc and Mason
1980;  Martin 1986, 1990:  Hollands  1991:
Kavanagh and Peake 1993). Much owl calling
appears to be “call and answer’, with spontancous
(long-range) territorial calls being answered by
ncighbours but little prolonged counter-calling
other than ductting by members of a pair (Tablce
2). ltappears that neighbours or Hoaters”, at least
of these territorial. low-density forest specices.
can monitor cach other sufficiently by calling

S. J. S. Debus: Surveys of large forest owls

Corella 19(2)

occasionally and listening for a response, or by
replying to another’s call. However. prolonged
counter-calling at close range can be artificially
imduced by playback. where the observer simulates
a persistent intruder.

It appears that male Powcerful Owls passively
advertise  their territories to conspecifics by
calling, often in the middle hours of the night,
and that females defend their territories strongly
against other females by frequently reaffirming
owncrship with dusk and dawn calling. and by
vigorously expelling intruders™ (i.e. strongly
responding to playback: Tables 1 3). Ductting on
moonless nights (Table [) may cnable male and
female Powerful Owls to maintain contact in
conditions of low visibility. The resonant naturce
of Powerful Owl hooting carries for long distances
(1=2 km: pers. obs)) in still conditions, but has no
carrying  power in wind  (i.c. it is strongly
attenuated by wind. as determined by field testing
of playback in windy conditions: cf. Rossing
1990). Therctore. it is not surprising that the
owls cannot be heard or do not call on windy
nights.

Sooty Owls, similarly strongly territorial, also
appear to reaffirm occupancy by frequent dusk
and dawn calling (Table 1). Drizzle and rain arc
frequent in escarpment rainforests and  Sooty
Owls must thercfore be active to some extent in
such conditions (in fact it was rarc to achicve a
survey night of (0 rain in prime Sooty Owl
habitat). This is reficcted in the number of records
when rain rated 2 or 3 and in the nature of their
piercing, high-pitched calls which arc audible
above the sound of wind or light rain on foliage.
Sooty Owls responding strongly to playback often
remained invisible in cover (Table 3): this may
have been related to their dense habitat but
also scemed partly a reluctance to perch in the
open.

The calling behaviour of Masked Owls is similar
to that of Sooty Owls. and at times Masked
respond as strongly to playback. although they
may be gencrally less responsive. The calling
behaviour of the Masked Owl in relation (o
weather, and its greater willingness to perch in
the open when responding to playback, are
consistent with its dricr. more open habitat: it also
scems bolder than the Sooty Owl (Dcebus 1993b).
The Masked Owl's screeching calls arc drowned
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out by wind or rain on foliage (the interference
effect). henee it doces not call or cannot be heard
during wind or rain.

Finaliy. the results of 40 playback trials on 12
pairs of Tawny Owls by Galcotti and Pavan
(1993) provide some perspective on the present
survey results. in terms of response rates. They
found that 50 per cent of playbacks in known
territories produced no reply. There was some
individual - variation:  some  birds in known
territories never replied (four males and four

females, including two pairs and four members of

other pairs). Nine individuals responded in only
one trial, and only seven responded in more than
one trial. These data support the impression in
this study that owl surveys are time-consuming
and labour-intensive. for rather low detection
rates. and that some owls will inevitably be missed
ceven with optimal survey techniques.
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APPENDIX |

Detection probabilities for large forest owls in north-cast New
South Wales, Caleulated from the raw data of Table 6. using the
method of Overton (1971) 10 esumate the detection probability

for a single visitt Probability at n visits = |1 (r—P)

where P = probability on a single visit.

Visits Powerful Sooty Masked
1 0.26 0.21 .20
2 0.45 0.38 (1.30
3 0.59 (LSl 049
4 0.70 0.61 0.59
3 0.78 .69 .07
6 0.8:4 0.76 0.74
7 0.88 0.8 0.79
S 0.9l 0.85 0.83
g 0,93 0.88 0.87

10 0.95 0.91 .89
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