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OverviewOverview

• Debi
– Overview of bycatch estimation method: 
2000-04

– Specifics for mid-water trawl estimates

• Marjorie
– Specifics for bottom trawl estimates
– Takes from 2005 and 
2006
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Steps in estimation methodSteps in estimation method

I. Estimate bycatch rate and its 
level of variance [coefficient of 
variation (CV)]

bycatch rate = number of dead animals
unit of fishing effort

Observer data used in this step



ATGTRT Sept 19, 2006 Marine Mammal Mortality Estimates 5

Steps in estimation methodSteps in estimation method

II. Expand bycatch rate to entire fishery

Total bycatch estimate 
= bycatch rate * total effort
= number of dead animals * total days fished

days fished

Vessel Trip Report (VTR) data used for 
total effort
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MidwaterMidwater pair trawl VTR & observer datapair trawl VTR & observer data
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ObservedObserved
TakeTake
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SUMMER FALL

NE VTR
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MidwaterMidwater pair trawl VTR & observer datapair trawl VTR & observer data

ObservedObserved
TakeTake
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I. Estimate Bycatch Rate I. Estimate Bycatch Rate 
StrategyStrategy

• Goal is to divide the fishing hauls 
into groups (statum) that have 
similar bycatch rates

• Use regression model to define 
strata, where strata could be:
– Spatial/temporal

(north vs south, season)
– Environmental

(bottom depth or slope, SST)
– Gear characteristics

(mesh size, main species)
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Steps in analysisSteps in analysis

I. Estimate bycatch rate using 
regression model

1. Determine appropriate subset of data
2. Define bycatch rate
3. Define potential predictor variables
4. Choose best model
5. Predict bycatch rate
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Takes in observed Takes in observed 
midmid--water trawl water trawl 
19931993--20042004

paired:paired:
5 leatherback T.5 leatherback T.
29 bottlenose D.29 bottlenose D.
9 common D.9 common D.
20 pilot W.20 pilot W.
2 2 Risso’sRisso’s D.D.
1 white1 white--sided D.sided D.

Single:Single:
1 white1 white--sided D.sided D.
1 unknown D.1 unknown D.

Most of these takes were observed
during 1993 to 1995 in the tuna 
or fish midwater pair trawl fishery, 
which no longer exists
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Mid water trawl Mid water trawl 
during 2003 and 2004during 2003 and 2004

4.27.524548081646415834124TOTAL

??0550012120Squids

4.0045645242218180Mackerel

1.47.718622871575211254121Herring

0.04.513164670303Finfish

MidAtlNETotalMidAtlNETotalMidAtlNE

%Observer 
coverageNumber of trips in VTR
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species



ATGTRT Sept 19, 2006 Marine Mammal Mortality Estimates 13

Observed Observed 
takes in takes in 

midwatermidwater
trawls trawls 
during during 
2003 & 2003 & 
20042004
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2. Define bycatch rate2. Define bycatch rate

MidMid--water trawlwater trawl
• All cetaceans

Bottom trawlBottom trawl
• Each species 

separately

effortofamount
animalsdeadofnumber

=

Unit of effort = Days fished = 
time trawl net was in the water, 
expressed as part of a day
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3. Define potential predictor variables 3. Define potential predictor variables 
Predictor variables are observer data variables that are Predictor variables are observer data variables that are 
used to find gear characteristics/fishing practices that used to find gear characteristics/fishing practices that 

are correlated with cetacean bycatchare correlated with cetacean bycatch
MIDMID--WATER EXAMPLEWATER EXAMPLE

SPACE
• NE vs MidAtl
• State landed
• Statistical Area
TIME
• Month
• Season
• Year

ENVIRONMENTAL
• Bottom slope
• Bottom depth
• Sea surface temp
• Wind speed

FISHING PRACTICES
• Tow speed
• Target species
• Pair vs single
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3. Define potential predictor variables 3. Define potential predictor variables 
MIDMID--WATER EXAMPLEWATER EXAMPLE

GEAR CHARACTERISTICS
• Net design
• Wireout
• Kite panels used
• Net material
• Codend material
• Codend liner used?
• Codend strengthen used?
• Codend chaffing lines used?
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4. Choose best logistic model4. Choose best logistic model

• p = probability of a take
• f = linear or non-linear parameter 

value
• X = potential predictor variable
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4. Choose best logistic model4. Choose best logistic model
MIDMID--WATER EXAMPLEWATER EXAMPLE

Cetacean model for mid-water trawl
– Probability of a take (p) was a binomial distribution 

(0 or 1)
– Used linear (GLM) and non-linear (GAM) model to 

describe relationship between the probability of a 
take and a predictor variable

– Used corrected Akaike Information Criteria (AICc) 
to choose best model

– Used stepwise selection methods

• Results
– Bottom slope (<0.5°, ≥0.5°)
– Main species (herring, mackerel)

ii
i

i
i xfxfxfeffort

p
ppit +++++=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−

= Κ22110)log(
1

ln)(log β



ATGTRT Sept 19, 2006 Marine Mammal Mortality Estimates 19

MidMid--water trawl fisherieswater trawl fisheries
Bycatch rates (animals/day fished) & CVBycatch rates (animals/day fished) & CV

Observed days fished
total days fished from VTR during 2003 and 2004
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Bycatch rate strata for midBycatch rate strata for mid--water trawlswater trawls

Herring

Mackerel

Shallow slope

Steep slope
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Mixed

Herring

Bycatch rate strata for Bycatch rate strata for midwatermidwater trawlstrawls
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Patterns of fishing effortPatterns of fishing effort
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Observed Observed 
takes in takes in 

midwatermidwater
trawls trawls 
during during 
2003 & 2003 & 
20042004

- herring

- mackerel

- herring

- mackerel
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Bycatch estimate by speciesBycatch estimate by species

0.730.800.3915.3571.70AVGpairMidAtl

0.731.60.5319.185.802004pairMidAtl

0.730.00.5311.657.592003pairMidAtl

0.386.70.730.1036.07AVGsingleMidAtl

0.535.40.730.028.752004singleMidAtl

0.538.00.730.243.392003singleMidAtl

0.559.350.170.10156.89AVGpairNE

0.736.00.530.2134.822004pairNE

0.7312.70.530.0178.962003pairNE

0.641.0049.18AVGsingleNE

0.740.342.232004singleNE

0.741.756.122003singleNE

CVEstimateCVEstimateCVEstimateYearGeartypeArea

Pilot whale
Unidentified 

dolphinwhite-sided
Days 
Fished
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Bycatch estimate by speciesBycatch estimate by species

0.5110.150.386.700.3616.55313.83AVG
single+
pairNE+MidAtl

0.607.60.535.40.5219.6291.602004single+pairNE+MidAtl

0.7312.70.538.00.4613.5336.062003single+pairNE+MidAtl

0.740.800.386.700.3815.45107.77AVG
single+
pairMidAtl

0.741.60.535.40.5319.1114.552004single+pairMidAtl

0.740.00.538.00.5211.8100.982003single+pairMidAtl

0.559.350.581.10206.07AVG
single+
pairNE

0.736.00.490.5177.052004single+pairNE

0.7312.70.741.7235.082003single+pairNE

CVEstimateCVEstimateCVEstimate

Pilot whale
Unidentified 

dolphinwhite-sided
Days 
FishedYearGeartypeArea
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But …But …
Since there were only four (4) observed 
takes in the mid-water trawl fisheries 
and in just two years of observer data, 

these bycatch estimates should be 
considered preliminary.  They will be 
re-estimated when the 2005 (and 

maybe 2006) observer data are also 
added into the regression model.
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Now Marjorie Now Marjorie RossmanRossman
will explain thewill explain the

bottom trawl bycatch estimatesbottom trawl bycatch estimates
of cetaceansof cetaceans
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Mammal BycatchMammal Bycatch
in Bottom Trawlin Bottom Trawl

• Overview
– Factors investigated
– Significant factors (strata) selected 
for predicting mammal bycatch rates
• Pilot Whale Strata
• White-sided Dolphin Strata
• Common Dolphins Strata

– Stratified bycatch rates, effort, 
coverage, and mortality by species
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BOTTOM TRAWL BOTTOM TRAWL 
Observed Characteristics Investigated for Correlation Observed Characteristics Investigated for Correlation 

with Cetacean Bycatchwith Cetacean Bycatch

SPACE
• State landed
• Statistical area
• Latitude/Longitude
TIME
• Year
• Month
Fishing Practices
• Haul duration
• Target fish species

Environment/Habitat
• Sea Surface Temp
• Bottom Depth
• Bottom Slope
Vessel
• Length
• Gross Tons
• Horse Power
Gear
• Foot rope length
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• Pilot Whales
– Vessel Horse Power

• Small < 1,265 HP
• Large >= 1,265 HP 

– Bottom Slope
• Shallow <= 3.9°
• Steep > 3.9°

• White-sided Dolphins
– Sea Surface Temp.

• Low < 7.39°
• High >= 7.39°

– Bottom Depth 
• Shallow < 109.95 meters
• 109.95 >= Mid < 270.43
• Deep >= 270.43 meters 

BOTTOM TRAWLBOTTOM TRAWL
What Characteristics Fit the Data Best For Predicting What Characteristics Fit the Data Best For Predicting 

Mammal Bycatch Rates ?Mammal Bycatch Rates ?

• Common Dolphins
– Statistical Area

• 525 (SGB), 622 (MAN), 627 (MAS), remaining (OTH)
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How good do the models fit the raw How good do the models fit the raw 
observed data?observed data?
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Bottom TrawlBottom Trawl

Pilot Whale BycatchPilot Whale Bycatch
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BOTTOM TRAWLBOTTOM TRAWL
Pilot Whale Bycatch Rates and Total Effort by StratumPilot Whale Bycatch Rates and Total Effort by Stratum
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Bottom TrawlBottom Trawl
Annual Observer CoverageAnnual Observer Coverage

in Pilot Whale Stratain Pilot Whale Strata
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Bottom TrawlBottom Trawl
Mean Annual (00Mean Annual (00--04) Pilot Whale Mortality by Strata04) Pilot Whale Mortality by Strata
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Bottom TrawlBottom Trawl

WhiteWhite--sided Dolphin sided Dolphin 
BycatchBycatch
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BOTTOM TRAWLBOTTOM TRAWL
WhiteWhite--sided Dolphin Bycatch Rates and Total sided Dolphin Bycatch Rates and Total 

Effort by StratumEffort by Stratum
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Bottom TrawlBottom Trawl
Annual Observer Coverage in WhiteAnnual Observer Coverage in White--sided Dolphin Stratasided Dolphin Strata
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Bottom TrawlBottom Trawl
Mean Annual (00Mean Annual (00--04) White04) White--sided Dolphin sided Dolphin 

Mortality by StrataMortality by Strata
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Bottom TrawlBottom Trawl

Common Dolphin BycatchCommon Dolphin Bycatch
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BOTTOM TRAWLBOTTOM TRAWL
Common Dolphin Bycatch Rates and Total Effort Common Dolphin Bycatch Rates and Total Effort 

by Stratumby Stratum
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Bottom TrawlBottom Trawl
Annual Observer CoverageAnnual Observer Coverage
in Common Dolphin Stratain Common Dolphin Strata
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BOTTOM TRAWLBOTTOM TRAWL
VTR Effort Density in Common Dolphin StrataVTR Effort Density in Common Dolphin Strata
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Bottom TrawlBottom Trawl
Mean Annual (00Mean Annual (00--04) Common Dolphin Mortality by Strata04) Common Dolphin Mortality by Strata
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January 2005 through May 2006 January 2005 through May 2006 
frequency of takes by gear and frequency of takes by gear and 

species species 

• Bottom Trawl
– Pilot Whales = 9

– White-sided 
Dolphins = 52

– Common Dolphins = 33

– Harbor Porpoises = 4

• Mid-water Trawl
– White-sided 

Dolphins = 11


