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PBR  =  Nmin * 1/2 Rmax * FR

Nmin = minimum population estimate

1/2 Rmax = one-half the maximum theoretical or 
estimated net productivity rate of the 
stock at a small population

FR = a recovery factor between 0.1 and 1

PBR = Potential Biological Removal level
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Abundance estimatesAbundance estimates
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PBR  =  PBR  =  NNminmin * 1/2 * 1/2 RRmaxmax * F* FRR
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A. Aerial abundance surveysA. Aerial abundance surveys

* no accompanying shipboard survey

10,676295,29129 Jul - 25 Aug2006*

6,936238,61712 Jun - 12 Jul2004

7,461215,72119 Jul - 16 Aug2002*

5,833194,47110 - 29 Aug1999

11,640319,40818 Jul - 21 Aug1998

12,579410,24214 - 31 Aug1995

Trackline
length 

(km)
Total Area 

(km2)DatesYear
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1010Aerial survey data collection methods

Fly at 600 feet, 110 knots, in Beaufort 3 and less

NOAA Twin Otter aircraft
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Bubble windows forBubble windows for
good visibilitygood visibility
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Belly window Belly window 
for track line for track line 

visibilityvisibility
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RECORDERRECORDER
-- observersobservers
-- weatherweather
*Beaufort Sea State*Beaufort Sea State

* % Cloud coverage* % Cloud coverage
* Turbidity/SST* Turbidity/SST
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* Overall conditions* Overall conditions

-- sightingssightings

** SpeciesSpecies
* Group size* Group size
* Swim angle* Swim angle
* Perpendicular distance* Perpendicular distance
* Cue* Cue
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1414Sightings in 2006Sightings in 2006
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Track lines surveyed and Track lines surveyed and 
distribution of species during distribution of species during 

summer surveyssummer surveys
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Solid lines 
are aerial 

track lines
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Broken lines are 
shipboard track 

lines
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Abundance estimatesAbundance estimates

Used data from aerial surveys 
conducted in the summers of 1995, 
1998, 1999, 2002, 2004, and 2006
Used circle-back data collection method 
starting in 1999 (Hiby 1999) to 
estimate abundance and g(0), where 
g(0) is the probability of detecting a 
group on the track line
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1. See group where 
group size ≤ 5, sets 
clock at 0 and 
creates a leading 
leg

2 . Fly for 30
more seconds.
Then record
exact break-off
time

4. Record time
plane re-joins
original track
line and start
trailing leg

3. Turn back to
track at 120
seconds

5. End of dead time at 
300 seconds.  So now 
new sightings can 
initiate a circle-back

Circle-back method (Hiby 1999)
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Total abundance = Abuncor.small + Abuncor.large

Abuncorrected = Abununcorrected
g(0)

small = groups of size ≤5 animals

where g(0) = 1 for large sized groups
and estimate g(0) for small sized groups using
circle-back data
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25251) Step 1: estimate uncorrected abundance for each 
year by using: 

Standard line transect estimate from only the 
single plane and leading legs 
Ignore trailing legs, assume g(0)=1

Area
eswL

sizegroupavggroupsofnumAbundance duncorrecte •
⋅⋅
⋅

=
2

)()(

esw = effective strip width , where covariates are incorporated
L = track line length

Potential covariates include: cloud cover, time of sighting, SST, bottom 
depth, bottom slope, group size, sighting cue
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2626Pool species with similar detection functions
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2727Example of a detection function used to Example of a detection function used to 
estimate the effective strip width (estimate the effective strip width (eswesw))

Detection 
function 
curve Histogram of 

number of groups 
detected
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2828Example of detection function for the Example of detection function for the 
covariate Cuecovariate Cue
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2929Example of detection function with Example of detection function with 
covariate wind speedcovariate wind speed
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ESW (km) for species groupsESW (km) for species groups
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3131Step 2: 
Estimate g(0) for groups of size ≤ 5

Standard capture-recapture techniques 
(Palka 1995) using leading and trailing 
legs for g(0)

g
n
n
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ESWleading

duplicates

trailing

duplicates

trailing

( )0 = ⋅

Used 1999, 2002, 2004, and 2006 data to estimate g(0)

Leading leg Trailing leg
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Determining duplicatesDetermining duplicates

Leading leg:
Common D.

Trailing leg:
Common D.

Trailing leg:
Unidentified D.

Trackline direction
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3333Estimates of g(0)Estimates of g(0)

0.7900.803113
5. Humpback W., Fin or 
Sei W., Right W., Sperm 
W., unid W.

0.5400.4421884. Bottlenose D., Fin W., 
unid D.

0.7270.3821143. Minke W., Pilot W.

0.5240.30927132. Common D., Risso D.,
W-beaked D., W-sided D.

0.4950.28836211. Harbor P., Sei W., 
Beaked W.

trailDup
Species
group CV(g0)g(0)

No. of sightings

Significant covariates of duplicates = time of day
of trailing = species group, cue and time of day
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3434Abundance estimatesAbundance estimates
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63,368 = abundance estimate
0.27 = CV (abundance)
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3535Density estimate Density estimate (number of animals per km(number of animals per km22))
of whiteof white--sided dolphinssided dolphins
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