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Abtract: we develop methodology for correcting for visibility bias by calculating and applying survey-

spe.cific correction f".b*l;,1,i; ii.rt"., aeri,al zuieys of aquaiic- fat'to and incorporating their associated

"'r.orc 
lrra the population 

"stimaie. 
The technique is applicable at all deruities of the target sFcies' Perception

bias (the proportion of groups of the target species th.t tt" visible in the transect yet missed by observers)

is corrected for using a modiffed Petersen estimate calculated for each of 2 teams of 2 observers with I team

on either side of the aircraft. within a teem, each obcerver reports their unc'olluded observations into a

selxrrate track of . 2{rJ;;; ,.*rdtt, so that efter the survey, each group can be characterized as being

;;;;""1y r Gpeciffedi or ilott -.-U.tr of the team. A correction factor is also suggested to standardize

i"r-,frJ pi"p"rtil" of .rrirrr,"l" that are unavailable to observers because of water turbidity'

J. W'U)L nANA@- s3(4Fr017-t(n4 f )

Aerial surveys have been used to estimate

population sizes of wildlife since the late l94o's

iC."ghl.y 1979). The technique has been

phguld by visibility bias resulting from animafs

Leiig miss"d by observers. Caughley (f977r35)

presents data from a range of wildlife surveys

illustrating that 50:60% of animals are often

missed. There are 2 categories of missed ani-

mals: those that are potentially visible to ob'

servers but are not seen (perception bias), and

those that are not available to observers because

they are concealed by other animals, vegetation,

or turbid water (availability bias).

Caughley (1979) argued that aerial survey

estimales aie most useful as indices tracking rel-

ative density over time, because the bias be-

comes irrelevant as long as it is held c'onstant

by rigid standardization of transect width, the

trrigtrt and speed of the aircraft, and the re-

p".t"a ,rse of the same survey crew' It 5' h9*-

Lver, impossible to standardize many other fac-

tors thai influence visibility bias. Factors such

as variable vegetation density, water turbidity,

time of day, weather conditions, group size, be-

havior, and distribution of the target species

have major effects on the number of animals

sighted in aerial surveys (Bayliss and Giles 1985,

UIil 
"t 

al. 1985, Packard et al. 1985). As such

factors have repeatedly been shown to vary even

between repeat surveys of the same area' we

believe that it is important to develop survey-

specific correction factors to correct for

perception and availability biases if absolute

popnl"tiott estimates are required, or at least to

standardize for these biases if trends in numbers
are being monitored.

The Petersen mark-recapture model has been
used by Henny et al. (1977), Magnusson et al'
(f978), Grier et aL (f98f ), Caughlev and Grice
(1982), Bayliss (f986), and Eberhardt and Sim-
mons (1987) to develop a correction factor for

visibility bias (sensu perception bias as defined

above). In the technique used by Caughley and

Grice (1982) and Bayliss (1986), the target species
was counted independently by tobservers seat-

ed behind each other on the same side of the

aircraft, simultaneously scanning the same strip

transect. The ffrst observer saw (marked) a group

that then might or might not be seen by the

second observer. Hence, the second observer saw

groups of animals in 2 categories: those-that

*ere "marked" and which he "recaptured" and

those that were "unmarked." As detailed in

Caughley and Grice (f982), these data were then

*"d it equations derived from the Petersen

estirnate to estimate the probability of a group

being seen (counted) by each observer. These

estimates formed the basis of a correction factor

that was used to multiply the observed density

of grbups of the target species and provide an

estimate of true group density. Caughley and

Grice (1982) suggested that this correction fac-

tor could then be applied to counts obtained in

subsequent surveys of the same target species

on the assumption that the bias did not vary

between surveys. This assumption is unwar-

ranted as discussed above'
There are 2 additional problems with the

lorT
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techniques described by Caughley and Grice We thank the Great Barrier Reef Marine Park

(l9g2) ifollo"k and Xendall fgAZ). It assumes Authority for supporting efforts to improve du-

ih"t 
"U 

animals are equally catchable and that gong aerial survey techniques. Earlier versions

there is no difficulty in deciding which animals of this manuscript benefitted from the com-

were seen by both observers. The ffrst assumtr> ments of P. Bayliss, G' Caughley, R' E' Jones,

tion is 
"l""rly 

violated. Animals that are un- J. Kerr, and an anonymous referee'

available to observers have a zero probability of
being caught. Bayliss (1986) dealt with this bv SURVEY PROCEDURE

limiting counts to groups oi drrgot gr (Dugong Our procedures were developed for large scale

dugorrionthe watJr ruif."" anJassumingthat surveys of dugongs in northern Australia. We

an;f these were equally available. Bayliss (I9E6) flew a twin-engine Partenavia 688 at 137 m at

used a theoretical correction for submerged du- f85 kn/hour along predetermined transects.

gongs to yield a total population estimate. If the ]he oilot, a front-right survey leader, 2 mid-

Jnlf animals ,"un on a transect are under the /seat observers, and 2 rear-seat observers com-

*a[.. and therefore not scored, this technique/ prised the survey team. The middle and rear-

can lead to serious biases in relative and abdu/ seat observers on the same side of the aircraft

population estimates, and in density distribution formed a tandem teamsearching the same (2fl}

}als. This problem is compounded by other m-wide)striptransectdeffnedbytransectmark-

*oi.., of silhting heterogeneity zuch as group ers attached to (artificial) wing struts.

size and glaie off-the snrface of the sea. Data were recorded by the survey leader us-

A morJ reasonable assumption would be that ing an Epson HX20 portable computer (Epson'

all available animals are equally catchable. There Japan) programmed as a data logger and timer,

rr.y U" problems with this assumption, how- and equipped with a printer that produced an

.""r, * tlhr ,""rch images of tande; observers immediate hard copy of the data. The rear-seat

are not independent. *""ot" marking and re. observers reported their sightings to the survey

capturing oc^cur at the same instant, the search leader via a Z-wa.y intercom system connected

i#"g" trlansmitted to both observers would be to I track of a 2-track tape recorder. The mid-

u*pJ*.d to be nearly identical. If this is so, their seat observers were visually screened Jrom the

specific probabilities of detection, group by rear-seat observers with a curtain and acousti-

gio,rp, wi]ll ha.re a correlation approaching unity cally isolated from the other crew (apart from

inifi n"g.tively biases the poluhtion esiimate each other). They reported their sightings into

(Seber f982). the second track of the tape recorder. The ar-
' 

The problem of the difficulty 'in deciding rang€ment and duties of the crew are summa-

which animals were seen by both observers (es- rized in Figure l '

pecially if the population is dense) means that All reports from observers were in standard-

ihe t."irrriq,re ol Caughley and Grice (1982) and ized format; e.g., dugongs: group size, number

Bayliss (fdAO) is *ppti""Utr only at very low of calves, number at the surface, position of

densities of the target species. These authors sighting in the transect. The top (furthest from

divided each transect into 5-km units, separated aircraft), middle, and bottom thirds of the tran-

by a Z-second pause during which the ceunts sect were color marked on the artiffcial wing

for the last unit r"ere recordid. If both observers strut. The position of the sighting along the tran'

recorded a group of animals in the same time sect was recorded to increase the probability of

slot, it 1nas issumed to be the same group; this distinguishing between different sightings re-

proc.d,.rre is also likely to negatively bias the ported simultaneously by both members of a

population estimate. tandem team'' 
fue de.rr"lop procedures for using this tandem Surveys were carried out only in fine-condi-

observer techrrique to develop survey-specific tions and in calm seas (sBeaufort 3)' The sur-

correction factori for perception bias, even in veys were timed to minimize glare off the sur-

areas of high animal density. Procedures are also face of the water associated with a low or midday

outlined to standardize for availability bias in sun.

aerial sgrveys of large, aquatic animals such as After the survey, the tape record-of each tran-

dugongs, and to incorporate the errors in the sect was used to check and edit the computer

correction factors into ihe standard error of the records, so that each sighting could be coded as

ffnal population estimate. being made by I (speciffed) member or both
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memb€rs of a tandem observing team' The re-
ports of team members were deemed to be dif-
ferent if they were unambiguously distinct (usu-

al situation) or if they were separated by >5

seeonds. Discrepancies between dual sightings
of the same group were also noted'

CORRECTING FOR PERCEPTION
BIAS
Let S- : number of groups seen by the mid-

seat observer onlY,
S, : number of grouPs seen bY the rear-

seat observer only, and
b : number of groups seen by both ob-

servers.

This fits into the framework of the Petersen
mark-recapture model, in which the (S- + b)
groups seen by the mid-seat observer are
"marked," and b of these groups are "recap-

tured" by the rear-seat observers. The Petersen
estimate (Seber 1982) for the total number (N)

of groups available to the observers is:

/c r b)(s, + b) t1

For given observed numbers (S- + b) and (S'

+ b),bhas a hypergeometric distribution (Seber

1982) and the estimated variance (var) of N is

,..;, _ s-s,(u lxs. + b) . Q)var(N / : --- 
b" 

\.

Chapman (f95f ) showed that If is biased and

proposed a modified estimate,

i i _ ( s -  + b +  l x s , + b +  r )  _  r  t c
6; i -  

-  r '  (2)

which is unbiased for (S- + S, + 2&) > N. Seber
(1982) estimated the var of this modiffed N as'

s - s , ( s - + 6 + l x s , + b + r )
( b + r ) , ( b + 2 )

This var estimate is also unbiased for (S- + S,
+ ?tr) > N. The results of all of our dugong
surveys (Table 1) satisfy this condition, and the
modified N has optimal statistical properties as
an estimator of the total number of groups avail-
able to the observers. Although slightly biased,
the estimates of .f and var(N) in equations (l)
and (2) are adequate for our purposes.

The important point to recognize is that N is
an estimdte of the number of groups of animals
available to the observers, and not necessarily
of the total number of groups in the population.
Provided that it is clear which groups are seen
by both observers, the main assumption being
made is that all available groups of animals are
equally catchable.

Our survey results suggest that this assump-
tion is not unrealistic for dugongs. In an exper-
imental evaluation of aerial survey techniques
during which 341 groups were sighted, Marsh
and Sinclair (1989, table 3) used log-linear models

SURVEY LEADER

INTERCOM/
TAPE RECORDER
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Side of
lr-

Swy date Bl@Ls seft

Apr 1985
Nov l9E5

Table 1. The grcups sighted and the perceptim and ayailsulity correc{ion factors *veloped for vations a€rial
dusnss in-mr6em AY.strarE:3:tf tr fqg' I TTs#Tsd:"1T."":ffi.S*t$"lt"l* B:
"afrat&r 

of the perception correlation factor (€q. 3), is CF C. i6 the coefFcient ot vatiatbn of the availabimy conec{kn
(eq. 4), an<l C" b tl|o ratio d th€ standard eror to the rr€8n of the $orP size'

No. groups of.dugongs
ffitrd

Cqretmfq Crrotimlq

i# ,r **f8f b* rysiraftl:Ybis is'iYrs*

Far Northern Section and northern part of the Cairns Section of the Great Barrier Reef Marine Park

Mid- Rw-
st st
olv oolv
(sJ (s,)

,. Wildl. Manage.53(4):

3.0o (o.r? r.29 (o.ro)

3.os (0.r5) r.35 (0.r3)

:=
:: t Wildl. Manad
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Using the r
var of f-/p, is

s. l0 7 L2 34.83 1.20 (0.069) 1.95 (O.r9) r.57 (O.O?)
Area I P 36 lE 58 123.17 r.1o(0.019) 2.62 (O.I2) r.47 (o.@)

s6 16 t8 30 73.60 r.r5 (0.0s5)
Area 2 P 5 3 12 2L'25 1.06 (O-O28) 1.44 (0.23)

s 2 s 15 2O.4O r.02 (0.009)
r.53 (o.oe)

Northern hdf of the Central Section of the Great Barrier Reef Marine Park

Sep 1986

Mackay/Capricorn Section of the Great Barrier Reef Marine Park

P 8 6 ll 29.36 r.r7 (0.065)
s 5 2 7 15.,18 r.r0(o.057)

P 5 8 16 3r.fi) r.09 (0.032)
s 5 5 r8 29.39 r.05 (0.018)

Nov 1986

Torres Strait
Nov l9tl7

Moreton Bay (southeast Queensland)

lun 1985 P 1 7
sb l0

65 1M.25 r.O4 (0.009) 2.72 (o.r2) r.3e (O.05)
46 eo.43 r.o9 (0.019)

ls 50 92,46 r.O8 (0.016) r.06" (0.r4) 2.o8'(O.r4)
8 28 48.86 r.06 (0.018)

P 1 2 2 3
s! l8 I9

.S - strrbocrd aDd P - port.
b Sterboard t@m rct 3v&ilsbl€ fc atire wcy.
c Inslud6 ous mde from a iying height of 271a.

to show that the chance of an observer missing
a group of >5 dugongs was not significantly
different (P > 0.43) from the chanc€ of missing
a smaller group. Three of 4 observers missed a
group of >10 dugongs (l occasion each)'

The number of groups observed by the tan-
dem team is (S- + S, + b). It is convenient to
write N as:

lg: ts- + s. + b) (lT:+ b)!s' +;t) ,'  b ( s - + s , + b ) '

,  , ( S - + b X S , + b )  . ,  . .
and regard 

Tk + 5,171 
as the perception

correction factor, to be applied to the number
of groups observed to estimate the true number
of groups available to the observers.

Using the delta method (Seber 1982), the ap-
proximate var of the perception correction fac-
tor can be shown to be:

s-s,(s- + bxs, + bxs- + s,P
F ( s - + s , + b I

Thus, the approximate coefficient of variation

of the perception factor (C,) is:

s - + s ,
" P  S - + S . + b

. /'-- S-s,-
V t6-1r bxs'+ tt

Perception correetion factors for the port aqdJ;'
or starboard teams on various dugong surve)E
range from 1.02 to I.20 (Table f ). The percep
tion correction factors obtained for Moreton Bif
(Table 1) were c'ompared empirically with tho*
that would have been obtained using the ig
cording technique of Caughley and Grice i1982)
and Bayliss (f986) by dividing each transect'a
posteriori into a series of 97-second sampling
units, each unit representing an area of 2 kfi?

at a survey altitude of 137 m. If each membel
of a tandem pair recorded a group of dugongs
in the same unit, it was assumed to be the sane
group regardless of the timing of the observa-
lio.tt. Utt of sampling units rather than the

2-track tape recorder resulted in underestina-
tion of the correction factors for the observati6n
teams by 2.9 and 4.570. lJse.of the Z-track tap-e

recordei clearly reduccs errors in deciding which

groups have been sighted by both observers'

where N" and
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The major source of availability bias in aquat-

ic surveys is water turbidity. Conditions can

range from extremely turbid so that only ani-

mali on the surface are visible to very clear

when all animals are potentially visible.
Let f, be the proportion of observed animals

at the surface in an aerial survey over clear
water and f" the proportion seen at the surface
in a second survey over more turbid water. Then

assuming that the porportion observed at the
surfaee is independent of the observer (as sug-
gested by our data [Marsh and Sinclair f989])'
and that f. is a valid estimate of the proportion
of animals at the surface for all habitats and
under all survey conditions, /"/f, would be an
index of the availability bias at the time of the
second survey that could be used as the avail-
ability correction factor.

Using the delta method, the approximate
var of p"/f, is given bY:

i "  L  i " Q - P " )v a r ; :_ 
P, F,' N,

+q:. i ' (J 
- f ' )  .

i,' N.

where N" and N, are the sample sizes on which

p-andp,are based. The approximate coefficient

of variation of the availability correction factor

is:

r - i " , r - p ,
i"N" 

* -ilr"
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CORRECTING FOR AVAILABI LITY
BIAS

c . :

In view of its untested reliability, this correc-
tion for availability bias is best considered as a
means of standardizing fluctuating availability
bias for repeat surveys of the same area under

conditions of varying water turbidity'
Most of the dugongs sighted in Marsh and

Sinclair's (1989) experimental evaluation of du-
gong aerial survey techniques in Moreton Bay
were in extremely clear, shallow (<5 m) water
over white sandbanla covered with sparse sea-
grass. All animals in this area were potentially
available. By comparing the uncolluded obser-
vatioru of tandem observers, Marsh and Sinclair
(1989) showed that observers had difficulty re-
cording the position in the water column ol
dugongs in larger groups' There was, however,
very good agreement between observers in their
reports of how many dugongs in groups of s5

ConREcTING Bres lN Srlnvevs ' Marsh end Sinchir l02l

were at the surface. This proportion (80/480 or
L6.7%) is not significantly different frorr that
obtained independently from vertical color pho'
tographs of dugongs (68/486 ot l4Vo) that have
been taken under excellent conditions on the
same sandbanks on other occasions.

We tentatively propose 80/480 as an unbiased
estimate of the proportion of dugongs at the
surface in Moreton Bay at the time of our aerial
survey experiment. Further, assuming that this
proportion is valid for all habitats and at all
times, it can be used as the estimate f.or p, for
surveys of dugongs over shallow waters when
the sea is calm. These conditions apply to most
dedicated aerial sightings of dugongs in north-
ern Australia.

Availability correction factors for the port
andfor starboard team have been calculated for
various dugong surveys using 80/480 as the es-
timate for f,. The estimates range from l.OO to
3.O8 (Table l). These are used to standardize
availability bias; population estimates obtained
from repeat suryeys of the same area under
difierent weather conditioru are within lOVo of
each other (Marsh and Saalfeld 1989). The pro-
portion of dugongs on the surface used as the
standard for these estimates of the availability
@rrection tactor (16J%) is greater than the I'9%
obtained from shore'based observations in mud-
dy water by Anderson and Birtles (1978). Ilence,
it is likely that the population estimates listed
in Marsh and Saalfeld (1989) that are based on
the correction factors for availability bias in Ta-
ble I are conservative. A more accurate assess-
ment will require more data on dugong diving
and surfacing under difierent environmental
conditions.

APPLICATION OF CORRECTION
FACTORS

The following steps convert counts of groups

of the target species obtained during strip tran-
seet aerial surveys to population estimates:

l. Classify each group as being observed by I
(specified) member or both members of the
appropriate tandem team.

2. Calculate the mean group size for the whoie
survey area at the time of the survey and the
standard error of the group sizes.
Calculate the survey-speciffc perception cor-
rection factors (l for each tandem team) and
availability correction factor as detailed
above.
Calculate for each transect the total number

(4)

4.
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of groups sighted by the members of the port
and starboard tandem teams, respectively.

5. Obtain the corrected number of animals/
transect as follows. Multiply each of the 2
values in step (4) by:
(i) the appropriate perception correction

factor to obtain the Petersen estimate for
the number of available groups,

(ii) the availability correction factor, and
(iii) the mean group size of the target speeies

in the survey area;
then sum the 2 corrected values for each
transect.

6. Use the corrected number sighted for each
transect and, if necessary, the ratio method
(Cochran 1963, Jolly 1969, Norton-Griffiths
1978, Caughley and Grigg f98f ), to estimate
the population size and its associated sam-
pling var. The ratio method allows for tran-
sects of different sizes and is applied as fol-
lows. Let T: total number of transects that
could be ftt into the census zone, t: number
of transects sampled, A : area of census zone,
a: areaof any I trensect, g : total corrected
number of animals counted in that transect,
f = estimated size of the population in the
census rone, f : the ratio of the corrected
number of animals counted to the area
searched : >g/>o, Srs : variance between
the corrected number of animals counted on
all transects

:  r  . f "r"_(>y) '1.
r - l L '  t  J '

Sot : variance betwecn the areas of all the

transects,

I [ (>4)".]
:  ' . 1 9 r - : l -

t - l L - -  t  J '

S,r: covariance between the corrected num-

ber of animals counted on a transect and the

area of the transect,

r [: (>cx>v)l
:__-= .1  zo t ,  _  __1,

r - l l '  t  J

and St: sampling variance of f.

Then

Y :  a ' d ,
and

g" :T(T 
- t).(s,, - ztis", + tt,s,r;." t \ - !
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7. Calculate the total var of the density or pop-
ulation estimate by adding the errors from
the estimates of mean group size and the
correction factors to that due to sampling
variability in step 6. Following Jolly and
Watson (f 979), this gives an approximate var
of the total population estimate of:

s'+ Y"r(gr' * C-" + C.')
+ Y,'(C32 + C42 + C.2) (5)

where S'is the sampling var of the corrected
poprrlation estimates in each transect in step
6; Y" and { are the contributions to the cor-
rected population estimate made by the port
and starboard observing teams respectively;
C" is the coefficient of variation (SE/t) of the
mean group size; Cn and C. are the respec-
tive coefficients of variation of the perception
correction factor for each transect for the
port and starboard teams as given by equa-
tion (3); and C. is the coefficient of variation
of the availability correction factor, equation
(a). The standard error of the population es-
timate and associated conffdence intervals are
then readily obtained.

Parallel calculations can be performed to es-
timate the population density, its standard error,
and associated confidence intervals. As Jolly and
Watson (f979) stated, implicit in equation (5)
is the assumption that the correction factors are
mutually independent and alrc independent of
the survey observations. As the correction fac-
tors are based on the total counts for an entire
survey, they would not be expected to be cor-
related with the observations from individual
transects. Our data indicate that, at least for
dugongs, the perception correction factor is not
correlated with the availability correction factor
(r : O.264, ll df; P > 0.20) or the mean group
size (r : 0.174, Il df; P > 0.50). However, the
availability correction factor is correlated with
mean group size (r : 0.864, 5 df; P < 0.0f ). It
must be remembered that we are dealing with
approximations; rre are confident that equation
(5) provides a more realistic approximation of
the estimated variance of the population size
than that obtained by ignoring errors in the
estimated correction factors (i.e., simply S').

ASSESSMENT OF PROCEDURES
The system of using 2 teams of tandem ob-

servers, a 2-track tape recorder, and a micro-
computer has advantages over previous meth-
odologies. Survey-specific correction factors
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comp€nsate for visibility biases that cannot be
eliminated by a rigid standardization of pro-
cedures, such as fluctuations in the biases due
to sea state, glare, cloud cover, and water tur-
bidity. Survey-specific correction factors also re-
duce the need to use the same observers for each
survey, especially as ne\y observers can be readi-
ly trained using the 2-track tape recorder. This
recorder also reduces errors in deciding which
animals were seen by both members of a tandem
team, even when the population is dense. All
observations of the target species within the
transect by both members of each tandem team
are used in the final population estimate and in
the calculation of the correction factors' This
reduces the biases, especially when the popu-
lation is sparse.

The system also has some disadvantages. This
procedure requires a crew of 6 (Fig. l), Provid-
ed that trained observers are available, this is
not a disadvantage in marine surveys where
2-engine aircraft are required for safety reasons.
However, it could result in a substantial increase
in cost when a twin-engine aircraft is not man-
datory. The system can be modiffed for a 4-seater
aircraft with a tandem team on the right side
of the aircraft only, along the lines suggested
by Caughley and Grice (f982). However, the
rear-seat observers should alternate to and from
the right side of the aircraft to form a tandem
team with the observer in the front right seat,
so that the correction factors for perception bias
can be calculated separately for each rear-seat
observer.

We used a tandem team on I side of the
aircraft when training a new observer (Marsh
and Saalfeld 1989) with I trained observer and
the trainee on thi other. During training, the
intercom systern was switched so that the trainee
could hear the reports of his counterpart on the
same side of the aircraft. This system greatly
reduced the period required to ttain reliable
observers.

The major disadvantage of using our system
in a 4-seater aircraft would be that there would
be no room for a survey leader as defined in
Figure L Many of the survey leader's duties
(e.g., checking the position, ht, and speed of the
aircraft) would be unnecessary when using a
trained pilot (particularly a person with scien-
tific training) in an aircraft equipped with a
radar altimeter. It would not be possible, how-
ever, to obtain a computer record of the sight-
ings of the rear-seat observers if everyone but
the pilot were acting as observers. The computer
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record is irreplaceable as a back-up in the case
of tape recorder failure. Our computer also has
a printer that gives an immediate hard copy of
all entries, preventing undetected computer
malfunction.

Another disadvantage of our system is that all
the voice tapes have to be listened to in real
time after the survey to record the sightings of
the mid-seat observers. These sightings then have
to be edited on to the computer files. This in-
volves approximately 2 hours of work for every
hour of survey time. The additional cost is minor
compared to the cost of the aircraft charter.

This methodology overcomes many of the
problems of previous mark-recpature survey
methods, especially for surveys of aquatic fauna.
The problem of determining whether a group
was seen by I or both members of a tandem
team has been solved by the use of the 2-track
tape recorder, and the system of recording the
position of groups on the transect. This makes
ihe method useful even when the density of the
target species is high. Although the problem of
the correlated search image of tandem observers
has not been eliminated, its impact is minimized
by the steps taken to reduce sighting hetero-
geneity such as limiting the surveys to days when
the sea is calm and the weather ffne, and timing
them to minimize glare off the surface of the
water. Because it is impossible to eliminate all
biological and environmental biases, the devel-
opment of techniques to estimate survey-sp€-
cific correction factors to compensate for per-
ceptual and availability biases should find
application in aerial surveys of other species.
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