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Abstract

The U.S. Marine Mammal Protection Act mandates monitoring of incidental marine mammal
mortality and serious injury attributable to commercial fishing operations. Generalized linear mod-
els (GLM) applied to data collected on a sample of the fisheries were utilized to estimate incidental
bycatch rates of pilot whales (Globicephela macrorhynchus and G. melas), white-sided dolphin (Lag-
enorhynchus acutus), and common dolphin (Delphinus delphis) in U.S. bottom trawl fisheries operat-
ing off the Northeast coast of the U.S. during 2000-2005. Spatial, habitat, environmental and fishing
practice covariates were significant in the best fitting GLM models. Highest bycatch rates (observed
bycatch per observed days fished) occurred in deeper waters with low sea surface temperature (white-
sided dolphin), on vessels in the Mid-Atlantic region fishing in deeper waters (pilot whales), and in
offshore waters (common dolphin). Estimated bycatch rates were expanded by total bottom trawl
effort (days fished) to derive the mean annual bycatch mortality for each of the three species. The
estimated mean annual bycatch during 2000-2005 for pilot whales, white-sided dolphin, and com-
mon dolphin in U.S. Atlantic bottom trawl fisheries is 72, 212 and 142 animals, respectively. These
estimates are 29%, 42%, and 14%, respectively, of their current potential biological removal (PBR)
levels for these three species. The importance of animal behavior in conjunction with vessel and gear
characteristics associated with bycatch should be investigated further to learn more about potential
mechanisms entrapping cetaceans in bottom trawl nets.
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Introduction

The Northeast U.S. continental shelf is a highly pro-
ductive large marine ecosystem (LME) contributing to
one of the nation’s largest marine commercial fishing
fleets (Fig. 1; NMFS, 1999; NMFS, 2004). This LME
is also home to around 30 stocks of marine mammals
(NMFS, 1999; Waring et al., 2007). The bottom trawl
fleet accounts for the majority of fishing effort on the
Northeast continental shelf (Stevenson et al., 2004).
Fishing operations occur across the entire shelf and slope
regions harvesting a variety of demersal and pelagic fish,
and invertebrate species (Stevenson et al., 2004; NMFS-
NERO, 2008a). The co-existence of bottom trawl fishing
and marine mammals contributes to accidental capture
in the fishing gear, and subsequent death of non-targeted
marine animals (Fertl and Leatherwood, 1997; Tregenza,
1998). This is commonly referred to as incidental by-
catch or an incidental take (NMFS, 2004).

The U.S. Marine Mammal Protection Act of 1972,
as amended in 2007, (MMPA) mandates monitoring ma-
rine mammal mortality and serious injury attributed to
commercial fishing operations (http://www.nmfs.noaa.
gov/pr/pdfs/laws/mmpa.pdf). This requires the regu-
lar assessment of marine mammal stock status so that
they may rebuild to or maintain their optimal sustain-
able population levels, a primary goal of the MMPA.
To determine marine mammal stock status, estimates of
mortality attributable to commercial fishing operations
are compared to the PBR value which is the product of
minimum population size, one-half the maximum pro-
ductivity rate, and a “recovery” factor (MMPA Sec. 3. 16
U.S.C. 1362; Wade and Angliss, 1997).

The National Marine Fisheries Service (NMFS) has
divided the Northwest Atlantic Ocean (NWA) bottom
trawl fishery into two regions, Northeast and Mid-Atlantic
(Fig. 2; Federal Register, 2007). This paper focuses on
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Fig. 1. Northeast US Shelf Ecosystem, showing the boundar-
ies of the continental shelf (50-fathom line), the EEZ
(200-mile limit), and the three principal ecosystems
(Gulf of Maine, Georges Bank, and the Mid-Atlantic
Bight). Source: Stevenson et al., 2004.

three cetacean species that have documented interactions
in the NWA bottom trawl fishery: pilot whales (Globi-
cephala spp.), white-sided dolphin (Lagenorhynchus
acutus), and common dolphin (Delphinus delphis).
There is insufficient data to accurately distinguish be-
tween bycatch of short-fin pilot whale (Globicephala
macrorhynchus) and long-fin pilot whale (G. melas). As
a result, all pilot whale take data were grouped and re-
ferred to as pilot whales (Globicephala spp.). All three
species are regular inhabitants throughout the Northeast-
ern U.S. LME. Although they have varying degrees of
habitat preference, they are most commonly found along
the continental shelf edge and western inshore Gulf of
Maine (GOM) (Kenney and Winn, 1986; Payne and Hei-
nemann, 1993; Palka et al., 1997; Waring et al., 2007).
These are nutrient rich areas that support important prey
items preferred by some toothed cetaceans. Pelagic
schooling fishes, primarily Atlantic mackerel (Scomber
scombrus), herring (Clupea harengus), and the squids
Loligo (Loligo pealei) and Illex (Illex illecebrosus), are
important prey items for pilot whales, white-sided dol-
phin and common dolphin. Demersal fish species may
also be an important opportunistic component of their
diet (Abend and Smith, MS 1999; Couperus, 1997;
Waring, 1990).
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Fig. 2. Northeast and mid-Atlantic bottom trawl fishery re-
gions are separated at 70° W longitude south of Cape
Cod. The location and number of observed takes by
species reported by the NEFOP from 2000-2005 are
displayed along with bathymetry contours.

In this paper, fishery-dependent data collected from
a sample of the NWA bottom trawl fishery are analyzed
to estimate annual bycatch mortality from 2000-2005
for the three cetacean species. The primary objective
was to build simple yet precise and accurate general-
ized linear models (GLMs) to predict the rate at which
pilot whales, white-sided dolphin and common dolphin,
are bycaught in bottom trawl gear per unit effort. Model
predicted bycatch rates were then expanded to estimate
total bycatch by applying the modeled bycatch rates to
the total fishing effort of commercial fisheries. The total
bycatch estimates for each species was then compared to
the PBR value for each species.

Predictive models have become more common in
recent years as a useful tool for not only predicting by-
catch mortality but also to facilitate development of miti-
gation measures to reduce incidental bycatch of protect-
ed species (McCracken, MS 2004; Watson ef al., 2005;
Miller and Skalski, 2006; Garrison, 2007; Du Fresne et
al., 2007; Murray, 2008). This paper presents the first es-
timates of small cetacean bycatch mortality attributed to
bottom trawl gear in the NWA using a predictive model
approach. Earlier estimates of small cetacean bycatch
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attributed to bottom trawl gear in NWA were generated
using simple stratified ratio-estimators (Waring et al.,
2007).

Methods

There are two primary sources of data necessary to
estimate total incidental bycatch mortality. It is neces-
sary to have both an estimate of total fishing effort for
the bottom trawl fleet and a sample of the bottom trawl
fleet where both effort and incidental bycatch are record-
ed. Bycatch rates (number of observed mortalities per
observed fishing effort) are estimated from the sample
which can then be expanded by total fishing effort of the
fleet to estimate the total bycatch mortality.

Many gear and trip parameters were collected on the
sampled bottom trawl trips. These parameters were used
in a GLM framework to predict bycatch rates. Signifi-
cant model parameters in essence stratify the data, thus
resulting in improved precision of the estimated bycatch
rates. The data sources and model development are dis-
cussed in further detail below.

To put the bycatch estimates in biological prospec-
tive, the bycatch estimate is compared to the PBR value
for each species.

Data sources

Commercial fishing data. Commercial fisheries sta-
tistics for vessels fishing bottom trawl gear are collected
under a mandatory reporting program (NMFS-NERO,
2008b). Data on individual fishing trips are recorded on
paper forms known as vessel trip reports (VTR’s), and
includes data associated with temporal and spatial pa-
rameters of individual fishing trips (date, time, location,
depth), operational parameters (tow duration, codend
mesh size and foot rope length), and amount of fish (by
species) landed for each trip. Environmental data (sea
surface temperature and bottom slope) associated with
each trip were obtained from other sources (see section
on Environmental Data). VTR data are assumed to rep-
resent a census of Northeastern U.S. bottom trawl fish-
ing effort (Maine to North Carolina) when used in fish
stock assessments to manage these fisheries (Rago et
al., 2005). Thus, the VTR effort data collected during
2000-2005 were assumed to represent the total bottom
trawl fishery effort when estimating total annual bycatch
of cetaceans in the bottom trawl fisheries.

Sampled commercial fishing data. The Northeast
Fisheries Observer Program (NEFOP) collects data on

vessel, trip, haul, and gear characteristics from a sample
of commercial fishing vessels. Biological data are also
obtained from target and non-target catch, and bycatch of
protected species and sea birds (NMFS-NEFSC, 2008).
The NEFOP database has over 100 gear and environmen-
tal variables, but only variables that were also available
in the commercial fishery (VTR) data were considered
for the bycatch rate model because the same data from
the commercial fishery are required to estimate total by-
catch (Table 1). All observed tows with a missing value
for any of these variables were removed prior to model-
ing (2.85% of the data records). Only bottom trawl trips
targeting fish and pelagic invertebrates were analyzed;
thus trips targeting sea scallops were not included.

Consistent collection of sea surface temperature
while at sea (SST) on observed bottom trawl tows was
not fully implemented until 2003. In addition, 40% of
observed tows did not have bottom depth information.
Therefore, SST, bottom depth and bottom slope infor-
mation for the beginning of each observed bottom trawl
tow was derived from the same data sources used for the
VTR data. (see section on Environmental Data).

The consistency of NEFOP sampling of the bottom
trawl fleet across the region was analyzed by year and
Statistical Area (Fig. 3; Appendix 1). Consistent annual
sampling around GOM and Georges Bank (GB) in the
northern regions of the Northeast continental shelf did
not begin until 2000. Therefore, the time series selected
for analysis is 1 January 2000 through 31 December 2005
(Appendix 1). A minimum of 2% mean annual sampling
of commercial fishing trips was used as a benchmark
for selecting Statistical Areas to include in the sampling
dataset. A 2% sampling is considered a sufficient level
of coverage for developing pilot sampling programs for
fisheries with unknown or limited data (NMFS, 2004).
During 2000 to 2005, Statistical Areas inhabited by ma-
rine mammals with mean annual coverage near or at zero
were excluded from the dataset. Statistical areas that had
low coverage (0.01-2%) were included with the caveat
that the probability of observing bycatch in these areas
was low during the time of sampling due to low coverage
(Department of the Navy, 2005).

Bycatch is defined as any observed interaction where
the animal’s condition was recorded as either alive (with
or without injuries) or fresh dead. Because trawl gear is
actively towed for an average of 3.3 hours, it was as-
sumed that the cause of death of animals with any stage
of decomposition was not attributed to the gear and thus
were excluded from the analysis.



J. Northw. Atl. Fish. Sci., Vol. 42, 2009-2010

TABLE 1. List of variable descriptions collected by the NEFOP and used in building cetacean bycatch rate models. Data
types for variables were either continuous (CO) or categorical (CA). Variables were abbreviated for analytical
summaries.

Variable' Type Description
Sea surface temperature Acquired from satellite data (see methods) obtained from date and position recorded
CO L
SST at the beginning of each observed tow.
Vessel length CO  The length of the vessel measured in feet.
Length
Statistical area CA Statistical Area fished obtained from position data recorded from each observed tow
Area (Fig. 3); or grouped areas based on regression tree analyses (Table 8)
Rewion CA Represents the Northeast and Mid-Atlantic regions from grouping Statistical Areas
g east and west of 70° W-longitude, respectively (Fig. 3).
Bottom slope co Acquired from bathymetry data (see methods) obtained from position recorded at the
Slope beginning of each observed tow.
Bottom depth co Water depth recorded at the beginning of each observed tow (original unit in fathoms
Depth was converted to meters).
Gross tons .
Gions CO  The vessels gross registered tonnage.
Vessel horse power .
VHP CO  The vessels engine power.
I]jZ?tude CO The latitude location where the observed tow began.
Longitude . .
Lon CO  The longitude location where the observed tow began.
Year CO  The year that the vessel first arrives in port where the kept catch is sold.
Month CO The month that the vessel first arrives in port where the kept catch is sold.
The state where the vessel landed its kept catch; or grouped states based on regres-
State CA .
sion tree analyses (Table 8).
Haul duration co A calculated variable recorded as the difference between the time when gear is set in
Hauldur to the water and when the hauling gear is engaged for net retrieval.
Fish kept . .
Fshkpt CO  The total tow weight (metric tons) of fish kept.
Fish group A calculated variable where individual kept species were grouped into categories
CA .
Fshgrp based on regression tree analyses (Table 8)
E;I)Sehczsei ecies CA  The common name of the primary fish species sought for each observed tow.
Foot rope length CO  The length (feet) of the rope along the bottom of the trawl net.
Ftroplen
Days fished CO A calculated variable recorded as the haul duration divided by 24 hours.
Dysfish
Bottom type CA Acquired from USGS sediment data (see methods) obtained from the position re-
Sediment corded at the beginning of each observed tow.
Time of day CA A calculated variable based on timing of the sunrise and sunset relative on the day of
TOD the haul back. Categories were daytime, nighttime, dawn and dusk; (+/-1 hour).

1

Codend mesh size was excluded from the final set of variables used for model building due to the relatively large amount
of missing values in the NEFOP data set.
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Fig. 3. Chart of Statistical Areas and takes observed from
2000-2005 by the NEFOP in the bottom trawl fishery
on the Northeast U.S continental shelf. Areas with no
coverage or coverage near zero were excluded. Areas
that are inhabited year round by marine mammals but
had low mean annual levels of coverage (<2%) were
included with the caveat that the probability of ob-
serving takes in these areas was low during the time

of sampling due to low coverage.

Environmental data. Using ArcGIS 9.1 software,
and data on the position (latitude and longitude) and date
(day and year) from both tows observed by the NEFOP
and trips reported on VTRs were used to extract satellite
derived data for SST and bathymetry data (bottom depth
and bottom slope) using the methods described in War-
den and Orphanides (2008). Sediment data that describes
bottom type was acquired from the Unites States Geo-
logical Survey (USGS) east coast sediment data base.
Additional information on the USGS east coast sediment
analysis can be found at: http://pubs.usgs.gov/of/2000/
of00-358/ .

Analytic approach

Model building to estimate bycatch rates. The
number of bycaught animals per tow varied from zero
to seven animals per tow (Table 2). Thus, the species by-
catch rates were modeled in a generalized linear model

TABLE 2. Descriptive statistics for bycatch of cetaceans in
bottom trawl tows observed during 2000 to 2005.
Frequency (f) of tows with the number of bycaught
animals (count) per tow, mean take rate per tow
(total number of takes divided by total number of
tows), variance, and coefficient of dispersion (CD;
variance divided by the mean) are reported by

species.

White-sided Common
Takes Pilot whale dolphin dolphin
(count) f(tows) f (tows) f(tows)
0 51663 51610 51650
1 12 61 18
2
3 0
7 1
Total # takes 12 74 39
Total # tows 51675 51675 51675
Mean take per
tow 0.000232 0.001432 0.000755
Variance 0.000232 0.002359 0.001954
CD 1.00 1.65 2.59

(GLM) framework assuming a quasi-Poisson distribu-
tion. The dispersion assumption of the Poisson distribu-
tion was investigated. Data that are truly over (or under)
dispersed can not be remedied by transformations or re-
gression on associated covariates (Cameron and Trivedi,
1998) and can only be addressed by models that explic-
itly account for truncated or inflated zeros in the data
(e.g. hurdle, negative-binomial or zero-inflated models).
Thus, the zero-inflated model framework (ZIP) was also
investigated.

The following steps were followed to build a pre-
dictive model for each cetacean species. First, each de-
pendent variable was modeled separately against each
cetacean response variable with an offset variable (null
model) to predict the rate at which cetacean species were
bycaught per unit effort (days fished) in the bottom trawl
fishery (Table 1). Second, the goodness of fit (GOF) of
each uni-variate model was assessed using the analysis
of variance (ANOVA) and Akaike information crite-
ria (AIC; Burnham and Anderson, 2002), respectively.
Third, continuous covariates were log transformed to
improve fit. Fourth, transformed continuous covariates
that were significant and had lower AIC scores relative
to the other variables were then categorized to assess fur-
ther improvements in AIC scores. Regression trees were
used to categorize significant continuous covariates and
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reduce the number of levels for categorical variables that
initially showed significant association with response
variables. Several different group categories were ex-
plored and final categories were selected based on the
lowest AIC score. Fifth, all the models were sorted by
their AIC score from lowest to highest AIC. Covari-
ates with coefficient of dispersion (CD) near one were
preferred over covariates that had the same AIC score,
where the CD is defined as the variance divided by the
mean.

The regression trees were used to create meaning-
ful break points for continuous variables so that the

categorized predictors had lower AIC scores than their
continuous counterpart. Original categorical variables
that were significant but had high AIC scores because
of too many levels had levels pooled so that AIC scores
decreased when grouped to fewer levels. Therefore, all
the final models developed to predict cetacean bycatch
rates were built from the best fitting univariate models
using categorized covariates with the lowest AIC scores
(Tables 3-5).

Final model selection was based on several factors:
(1) the overall fit of the model based on the AIC; (2)
the GOF of the predicted bycatch compared to observed

TABLE 3. Pilot whale species: summary of results from the univariate GLM
analysis. The table lists the predictors tested, data type - continuous
(CO) or categorical (CA), residual degrees of freedom (d.f.), residual
unexplained deviance (Res. Dev.), the Akaike Information Criteria
statistic (AIC), coefficient of dispersion (CD) and statistical signifi-
cance (P-value) from ANOVA F-test. Continuous variables were log-
transformed. Univariate models with lowest AIC’s are bold.

Pilot whale species

Residual

Predictors Type d.f. CD  Res.Dev. AIC  P-value
Null model

w/offset 51674 0.91 197 199

SST CcO 51673 0.92 197 201 0.067
Depth CA 51672 0.79 175 181  <0.001
Depth CcO 51673 0.76 191 195 0.005
Bottom slope CA 51673 0.92 187 191 0.001
Bottom slope CcoO 51673 0.73 183 187  <0.001
Lat CO 51673 0.73 191 195 0.004
Lon CO 51673 0.73 190 194 0.001
State CA 51 665 0.65 176 196  <0.001
Area CA 51643 0.38 169 233 2.318
Region CA 51673 0.73 186 190  <0.001
Gtons CO 51673 0.83 194 198 0.076
Length CO 51673 0.83 194 198 0.073
VHP CA 51673 0.93 189 193 0.003
VHP CO 51673 0.81 191 195 0.005
Fshkpt CO 51673 0.91 197 201 0.978
Ftroplen CO 51673 0.86 192 196 0.015
Hauldur CO 51673 0.94 197 201 0.051
Dysfish CO 51673 0.95 198 202 0.082
Species CA 51674 0.40 168 224 <0.001
Fishgrp CA 51673 0.70 178 182 <0.001
Sediment CA 51 664 0.60 183 205 0.010
Year CO 51673 0.90 197 201 0.740
Month CO 51673 0.97 196 200 0.262
TOD CA 51671 0.89 195 203 0.440
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TABLE 4. White-sided dolphins: summary of results from the univari-
ate GLM analysis. The table lists the predictors tested, data
type - continuous (CO) or categorical (CA), residual degrees
of freedom (d.f.), residual unexplained deviance (Res. Dev.),
the Akaike Information Criteria statistic (AIC), coefficient of
dispersion (CD) and statistical significance (P-value) from
ANOVA F-test. Continuous variables were log-transformed.
Univariate models with lowest AIC’s are bold.

Residual White-sided dolphin

Predictors Type d.f. CD Res.Dev. AIC P-value
Null model

w/offset 51674 1.28 973 975

SST CA 51672 1.11 878 884 0.001
SST CO 51673 1.58 888 892  <0.001
Depth CA 51673 143 9200 904  <0.001
Depth CO 51673 099 902 906 0.001
Slope CO 51673 1.27 971 975 0.270
Lat CO 51673 1.19 959 963  <0.001
Lon CO 51673 1.20 968 972 0.052
State CA 51665 1.23 950 970 0.027
Area CA 51672 1.15 902 908  <0.001
Region CA 51673 1.25 951 955 0.002
Gtons CO 51673 1.28 968 972 0.049
Length CO 51673 1.22 965 969 0.010
VHP CO 51673 1.33 972 976 0.329
Fshkpt CO 51673 1.67 1004 977 0.648
Ftroplen CO 51673 1.41 964 968  <0.001
Hauldur CO 51673 1.38 951 955  <0.001
Dysfish CO 51673 1.31 955 959  <0.001
Species CA 51647  0.86 910 966  <0.001
Fshgrp CA 51673 1.00 918 922  <0.001
Sediment CA 51 664 1.15 943 965 0.077
Year CO 51673 1.12 947 951  <0.001
Month CO 51673 1.04 923 927  <0.001
Month CA 51673 1.07 885 889 0.001
TOD CA 51671 1.27 961 969 0.833

bycatch stratified by the model parameters; (3) models
with a coefficient of dispersion near one were preferred,
and (4) models that have a minimum of 5-10 positive
observations (takes) per parameter to reduce risk of
over-fitting and increase parsimony (Harrell ef al., 1984,
Stokes et al., 1995). Factor 4 (models with higher parsi-
mony relative to simpler models) was given priority over
the other factors for final model selection. A preliminary
set of binomial and zero inflated Poisson (ZIP) models
were also evaluated in the search for the best model to

predict cetacean bycatch rates. However, the apparent
varying degrees of over or (under) dispersion was rem-
edied by different significant regressors during model
building. As a result, the ZIP models were not pursued
any further.

Bycatch estimates. Bycatch (T) estimates for each
cetacean species (i) were calculated as the product of
the model estimated bycatch rates (R) multiplied by to-
tal days fished (£) from each strata () as defined by the
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TABLE 5. Common dolphins: summary of results from the univariate GLM
analysis. The table lists the predictors tested, data type - continuous
(CO) or categorical (CA), residual degrees of freedom (d.f.), residual
unexplained deviance (Res. Dev.), the Akaike Information Criteria
statistic (AIC), coefficient of dispersion (CD) and statistical signifi-
cance (P-value) from ANOVA F-test. Continuous variables were
log-transformed. Univariate models with lowest AIC’s are bold.

Common dolphin

Residual

Predictors Type d.f. CD Res.Dev. AIC P-value
Null model

w/offset 51674 227 599 601

SST CcO 51673  2.05 590 594 0.030
Depth CcO 51673 235 578 582 0.002
Slope CA 51673 1.44 514 518 <0.001
Slope CcO 51673 1.62 543 547 <0.001
Lat CA 51672 1.20 513 519 <0.001
Lat CoO 51673 095 528 532 0.001
Lon CO 51673 136 534 538 <0.001
State CA 51673 0.89 483 487  0.001
Area CA 51671 0.87 447 455  0.001
Region CA 51673 1.12 515 519  0.001
Gtons CO 51673 1.92 587 591 0.010
Length CcoO 51673  2.08 591 595 0.048
VHP CoO 51673 1.54 569 573 <0.001
Fshkpt CO 51673 1.97 569 573 <0.001
Ftroplen CoO 51673  2.03 590 594  0.032
Hauldur CoO 51673 232 597 603 0.609
Dysfish CoO 51673 231 599 603 0.741
Species CA 51647 045 438 494 0.001
Fshgrp CA 51672 1.10 459 465  0.001
Sediment CA 51664 221 575 597  0.373
Year Cco 51673 226 599 603 0.940
Month Cco 51673  1.66 581 585 0.001
TOD CA 51671 2.05 594 602  0.491

Observed trips were re-sampled 1 000 times within
strata using standard bootstrapping techniques to gener-
ate standard error (SE) statistics for the bycatch rate mod-
els (Efron and Tibshirani, 1993). Coefficient of variation

model covariates, region (k-Northeast vs. Mid-Atlantic),
and year (/):

I = RijEjkl

Bycatch estimates by cetacean species were summed
over all strata within region and year to estimate total
bycatch and then averaged for 2000-2005 to estimate the
annual mean bycatch.

(CV) statistics (SE/bycatch rate) were then calculated
for the annual and mean takes estimates. It was assumed
that the VTR effort statistics (days fished) represented a
census of the bottom trawl fleet (Rago et al., 2005). As
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a result there are no variance estimates associated with
the VTR effort.

Results

Observed bycatch

Between the years 2000 and 2005 there were
51 675 bottom trawl tows observed. During this time
period there were 12 pilot whales, 74 white-sided dol-
phin and 39 common dolphin observed taken in the gear
(Table 2).

Six pilot whales were observed in the Northeast re-
gion during April and June in the multi-species ground-
fish fishery and six were also observed in the Mid-Atlan-
tic region between August and December in the ///ex and
Loligo squid fisheries (Fig. 3).

With the exception of one animal, all 74 white-sided
dolphin were observed in the Northeast region around
Wilkinsons Basin and north-western GB, where the one
exception was taken on south-western GB (Fig. 3). The
majority (66%) of white-sided dolphin were observed
during the months of March and April in the multi-spe-
cies groundfish fishery.

Ten common dolphin were observed in the North-
east region in Wilkinson Basin and GB, while 29 (74%)
animals were observed in the Mid-Atlantic region con-
centrated in offshore Statistical Area 622 (Fig. 3). Com-
mon dolphin takes were observed in the Northeast region
during July through February in the mixed groundfish
and Loligo squid fisheries, in contrast to the takes in the
Mid-Atlantic region where 59% (17/29) of the observed
takes were taken in December and March in the offshore
Loligo squid fishery (Fig. 3).

Bycatch rates and total bycatch estimates

Pilot whales. Total mean annual bycatch estimates
of pilot whales from 2000-2005, over both regions and
all strata was 72 (CV = 0.13) animals (Table 6). On aver-
age, 24% and 76% of the bycatch came from the North-
east and Mid-Atlantic regions, respectively. Over both
regions, 70% of the mean annual bycatch came from
vessels fishing in mid-depth waters, 19% came from
deep waters, and less than 11% of the mean annual by-
catch came from shallow waters (Table 6).

Relative to the null model AIC (199), the best uni-
variate predictors of pilot whale bycatch were the fol-
lowing categorical variables: depth (AIC = 181), fshgrp

(AIC = 182), region (AIC = 190), slope (AIC = 191)
and VHP (AIC = 193; Table 3). The best fitting model
chosen included depth and region (AIC = 168; Table 7).
The addition of slope and VHP did describe some of the
additional variance in the data as shown by a decreasing
dispersion statistic however they did not change the AIC
(Table 7). Several of the models are reasonable (AIC val-
ues within 4-8 of the lowest AIC according to Burnham
and Anderson, 2002). However, an additional criterion
for selecting a final model includes parsimony. There-
fore, the final GLM log-linear predictor for predicting
pilot whale bycatch rates is defined as:

PilotWhaleTakes/DaysFished = exp(-5.897 +
0.856 MidDepth -1.081 ShallowDepth +
1.223 Mid-AtlanticRegion)

where depth is defined by three categories (ShallowDepth
is <144.07 m; MidDepth is 144.07-162.58 m; and deep
is >162.58 m) and region is defined by two categories
(Northeast and Mid-Atlantic; Fig. 2; Table 8). The partial
residual plots show that the bycatch rate of pilot whales
is much higher in the Mid-Atlantic region than in the
Northeast region (Fig. 4). The larger residuals for obser-
vations from the deep and mid depth categories are prob-
ably due to smaller amounts of fishery effort and low
observer coverage in the deep and mid depths relative to
shallow depth effort (Table 9). The predicted number of
bycaught pilot whales compared to the observed bycatch
indicates the final model fits well (Fig. 5).

The estimated bycatch rates ranged from a low of
0.00009 (CV = 1.11) animals per day fished in shallow
depth waters in the Northeast region to a high of 0.06477
(CV = 0.48) animals per day fished in mid-depth wa-
ters in the Mid-Atlantic region (Table 6). The bycatch
rates in the Mid-Atlantic region are generally larger than
the bycatch rates in the Northeast region. The VTR data
from 2000 to 2005 indicate that on average, over both
regions, 65% of the fishing effort came from vessels
fishing in shallow waters, 11% from the mid-depths and
24% from deep waters. Because pilot whales are most
commonly found in deeper water associated with steep
sloped habitat, the probability of interaction is higher for
vessels fishing in deep waters, however, the majority of
fishing effort takes place in shallow waters.

White-sided dolphin. Total mean annual bycatch es-
timates of white-sided dolphin from 2000-2005, over all
strata from both regions was 212 (CV = 0.11) animals.
On average, the majority (82%) of the bycatch came
from vessels fishing in deep waters where 26%, 37% and
19% came from waters with low, mid and high SST, re-
spectively (Table 10).
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ROSSMAN: Bycatch of Small Cetaceans

TABLE 7. Final model (shown in bold) selection for predicting the bycatch rate of pilot whales, white-sided
dolphins, and common dolphins. Analysis of residual degrees of freedom (df) and deviance (D),
AIC score, coefficient of dispersion (CD), and parameter ratio (# of positive observations / #
parameters) are shown. Final models selection was based on the fit of the model (AIC), degree
of dispersion, parameter ratio and GOF (Fig. 5).

Parameter
Model Linear predictor Residual df Residual D AIC CD ratio
Pilot whales

Null Pilot ~ offset 51674 197 199 091
Pilot ~ VHP 51673 189 193 0.93 12.0
Pilot ~ Slope 51673 187 191  0.92 12.0
Pilot ~ Region 51673 186 190 0.73 12.0
Pilot ~ Fshgrp 51673 178 182 0.70 12.0
Pilot ~ Depth 51672 175 181  0.79 6.0
Pilot ~ Depth +Region + Slope + VHP 51 669 156 168  1.08 24
Pilot ~ Depth + Region + Slope 51670 158 168  1.17 3.0
Pilot ~ Depth + Region + VHP 51670 157 167 1.18 3.0
Pilot ~ Depth + Region 51671 160 168 1.31 4.0
Pilot ~ Depth + Fshgrp + Slope 51670 158 168  0.87 3.0
Pilot ~ Depth + Fshgrp + VHP 51670 157 167 0.84 3.0
Pilot ~ Depth + Fshgrp 51671 160 168  0.90 4.0

White-sided dolphins

Null White ~ offset 51674 973 975  1.28
White ~ Depth 51673 900 904 143 74.0
White ~ Area 51672 902 908 1.15 37.0
White ~ Fshgrp 51673 918 922 1.00 74.0
White ~ SST 51672 878 884  1.11 37.0
White ~ SST + Depth + Area + Fshgrp 51 668 810 824  1.09 12.3
White ~ SST + Depth + Area 51 669 821 833 1.14 14.8
White ~ SST + Depth + Fshgrp 51670 828 838 1.08 18.5
White ~ SST + Depth 51671 842 850 1.75 24.7

Common dolphins

Null Common ~ offset 51674 599 601 227
Common ~ Lat 51672 513 519 1.20 19.5
Common ~ Slope 51673 514 518 1.44 39.0
Common ~ State 51673 483 487  0.89 39.0
Common ~ Fshgrp 51672 459 465 1.10 19.5
Common ~ Area 51671 447 455  0.87 13.0
Common ~ Area + Fshgrp + Sate + Slope 51 667 408 424 0.78 5.6
Common ~ Area + Fshgrp + State 51 668 408 422 0.78 6.5
Common ~ Area + Fshgrp 51 669 414 426 0.88 7.8
Common ~ State + Fshgrp 51671 444 452  0.64 13.0
Common ~ Slope + Fshgrp 51671 456 464 093 13.0
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TABLE 8. Definitions for categorical variables used in final model building to predict cetacean bycatch rates.

Variables' Pilot whale species White-sided dolphin Common dolphin
VHP Small <1 265 horse power
Large >1 265 horse power
Low <4.44°C
SST >4.44° Mid <6.49°C
High >6.49°C
Shallow <144.07 meters Shallow <142.59 meters
Depth 144.07 >Mid <162.58 Deep >142.59
Deep >162.58
Sloe Shallow <3.915° Shallow <0.96°
P Steep >3.915° Steep >0.96°
Winter (March & April)
Month Other (all other months)
Region? Northeast
& Mid-Atlantic
OFFEGB (statistical areas 515, 522 ~ MAS (statistical areas 622 and 627)
and 561) SGB (statistical area 525)
Area’ GOM (statistical areas 513, 514 and  OTH (statistical areas 515, 537 and
521) 616)
OTH (all other statistical areas) MIS (all other statistical areas)
MAS (Connecticut, New Jersey and
State Rhode Island)
OTH (all other states)
Gulf of Maine (> 42°)
Latitud Southern New England/Georges Bank
ahtude (>40° to > 42°)

SQ (Zllex and Loligo Squid) MIX (Haddock, Monkfish, Hake

Fish species

OTH (all other species)

species, Witch Flounder, Lobster)
OTH (all other fish species)

Mid-Atlantic (< 40°)

SQ (Illex and Loligo Squid)

MIX (Yellowtail Flounder, Mixed
Groundfish and Monkfish)

OTH (all other fish species)

' See Table 1 for descriptions

2 See Fig. 2 for Management Regions

3 See Fig. 3 for Statistical Areas

TABLE 9. Summary of observed bycatch, sampled effort (pooled over years), mean annual effort and per-
cent coverage within the strata selected to predict pilot whale species bycatch rates: Northeast
and Mid-Atlantic regions (Fig. 2); Shallow depth <144.07; >144.07 Mid < 162.58; and Deep
>162.58 meters.

Number of Sampled bottom trawl Mean (2000-2005)

bycaught animals effort (days fished) bottom trawl effort ~ Effort
Region Depth observed from 20002005 (days fished) sampled
Northeast Shallow 1 3598 8622 42%
Northeast Mid 3 609 2 045 30%
Northeast Deep 2 2224 4 884 45%
Mid-Atlantic ~ Shallow 0 619 6958 9%
Mid-Atlantic Mid 4 55 599 9%
Mid-Atlantic Deep 2 149 755 20%
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Fig. 4. The fit of pilot whale spp. takes to region and depth

categories (Tables 7 and 8). The horizontal line in-
dicates the fit where the length is a function of the
number of observations in the category. The verti-
cal lines are two standard error bands. The SE bands
for the Northeast region are present with upper and
lower bounds near zero but are not distinguishable
in the graph due to the very large number of zeros
relative to the total number of observations in this
category. The jittered black circles are the partial de-
viance residuals for all observations. Solid black bars
or ‘rug plot’ on the x-axis represent sample sizes at
each category (Splus 6.2).

Relative to the null model AIC (975), the best pre-
dictors for white-sided dolphin takes were the follow-
ing categorical variables: SST (AIC = 884), month
(AIC = 889), depth (AIC = 904), area (AIC = 908) and
fshgrp (AIC = 922; Table 4). Month and SST were corre-
lated (= 0.59) so including them both in final modeling
building was redundant. The best fitting model chosen
included SST and depth (AIC = 850; Table 7). The model
that also included area and fshgrp had a lower AIC score,
however, residual analysis showed that this model did
not predict takes well for specific areas and fish groups,
thus leading to larger residuals when compared to a sim-
pler model. As a result, the final GLM log-linear predic-

40

30+
o
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S 20
5
[
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o [m]

104

o Q Pilot whale spp.
04 A Common dolphin
O white sided dolphin

o 10 20 30 40
Observed

Fig. 5. Linear plot indicating model GOF by comparing the
final GLM model predicted takes to observed takes
by species and strata defined by final model covari-
ates (Tables 6, 8, 10, and 12). Diagonal line indicates
a 1:1 relationship between the predicted and actual
bycatch estimates.

tor for predicting white-sided dolphin bycatch rates is
defined as:

White-sidedDolphinTakes/DaysFished = exp (-4.436 +
1.161 LowSST + 0.201 MidSST — 0.869 ShallowDepth)

where SST is defined by three categories (lowSST is
<4.44°C; MidSST is 4.44-6.49°C; and high is >6.49°C),
and depth is defined by two categories (ShallowDepth
is <142.59 m; and DeepDepth is >142.59 m; Table 8).
The predicted number of bycaught white-sided dolphin
as compared to the observed bycatch indicated the model
fit well (Fig. 5).

The estimated bycatch rates for the six different
strata ranged from a low of 0.00127 (CV = 0.16) ani-
mals per day fished in shallow waters with high SST to
a high bycatch rate of 0.07377 (CV = 0.40) animals per
day fished in deep waters with low SST. In general the
bycatch rates are higher in deep waters than in shallow
waters, and the bycatch rates decrease as SST increases
(Table 10; Fig. 6). The larger SE’s for the low SST range
is probably due to the small amount of fishery effort and
resultant low observer sampling in low SST waters rela-
tive to the other SST ranges (Fig. 6; Table 11).

Less than 5% of the fishing effort on average, over
both regions, took place in the stratum with the highest
bycatch rate (deep water/low SST), whereas 37% of the
effort on average took place in the stratum with the low-
est bycatch rate (shallow water /high SST; Table 11).
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Fig. 6. The fit of white-sided dolphin takes to the SST and

Depth categories (Tables 7 and 8). The horizontal line
indicates the fit where the length is a function of the
number of observations in the category. The vertical
lines are two standard error bands. The SE bands for
the high SST category are present with upper and low-
er bounds near zero but are not distinguishable in the
graph due to the very large number of zeros relative to
the total number of observations in this category. The
jittered black circles are the partial deviance residu-
als for all observations. Solid black bars or ‘rug plot’
on the x-axis represent sample sizes at each category
(Splus 6.2).

Common dolphin. Total mean annual bycatch esti-
mates of common dolphin from 2000-2005 over both re-
gions and all strata was 142 (CV = 0.10) animals (Table
12). On average, over both regions, more than half of the
bycatch (58%) came from vessels fishing in the MAS
area followed by the OTH (30%), where the remain-
ing 12% of bycatch came from the SGB and MIS areas
(Table 12). Definition of areas are in Table 8.

Relative to the null model AIC (601), the best
predictors for common dolphin bycatch were
the following categorical variables: area (AIC = 455),
fshgrp (AIC=465), state (AIC=483), latitude (AIC=519)
and slope (AIC = 518; Table 5). Models with area in-
cluded had the lowest AIC’s. However, as additional
variables were added to area the parameter ratio’s de-
creased (Table 7). As a result, the simplest model that
included only area (AIC = 455) was selected as the best
fitting model to predict common dolphin bycatch rates
(Table 6). Thus, the final GLM log-linear predictor for
predicting common dolphin bycatch rates is defined as:

CommonDolphin/DaysFished = exp (-4.844 —
2.780(M1S) + 0.036(OTH) — 0.182(SGB))

where area is defined by four categories (MAS, MIS,
OTH, and SGB; Table 8). The highest bycatch rate was
in the MAS area (Fig. 7). The larger SE for the MAS area
is probably due to the small amount of fishery effort and
resultant low observer sampling in the MAS area rela-
tive to the other areas (Fig. 7; Table 13). The predicted
number of bycaught common dolphin as compared to the
observed takes demonstrates a perfect fit to the raw data

(Fig. 5).

The estimated bycatch rates range from a low of
0.00056 (CV = 0.61) animals per day fished in the MIS
areas to a high of 0.14708 (CV = 0.35) animals per day
fished in the MAS areas (Table 12).

TABLE 11. Summary of observed bycatch, sampled effort (pooled over years), mean annual effort
and percent coverage within the strata selected to predict white-sided dolphin bycatch
rates: Low SST < 4.437°C; mid SST >4.437°C to <6.488°C; high SST >6.488°C; shal-

low depth <142.59; deep depth >142.59 meters.

Number of
bycaught animals

Sampled bottom trawl ~ Mean (2000-2005)
effort (days fished) from  bottom trawl effort  Effort

SST Depth observed 2000-2005 (days fished ) sampled
Low Shallow 0 94 577 16%
Mid Shallow 3 583 1 865 31%
High Shallow 7 3496 6352 55%
Low Deep 11 132 720 18%
Mid Deep 41 941 1 849 51%
High Deep 12 2012 5624 36%
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TABLE 13. Summary of observed bycatch, total effort and sampling coverage within the
strata selected to predict common dolphin bycatch rates. SGB = statistical area
525; MAS = statistical areas 622 and 627; OTH = statistical areas 515, 537 and
616; MIS = all other statistical areas (Fig. 3).

Number of Sampled bottom trawl Mean (2000-2005)
bycaught animals effort (days fished) from bottom traw] effort Effort
Area observed 2000-2005 (days fished ) sampled
MAS 25 163 560 29%
MIS 3 5306 17 567 30%
OTH 7 689 4156 17%
SGB 5 1097 1580 69%
MAS MIS OTH scB most cases) compared to the white-sided and common
1o ° dolphin univariate models. The common dolphin univari-
© ate models showed the largest degree of over-dispersion,
£ 10+ 3 though all dispersion values were less than three.
5 4] o
2 e ° During the multi-variable model building phase, dis-
o 61 % persion decreased as covariates were added in the com-
g @ g mon dolphin model, while dispersion increased slightly
% 8 - as covariates were added in the pilot whales and white-
a 21 - - sided dolphin models, though dispersion values of all the
ol = final models were less than two (Table 7).
1 ] 5=
Other modeling frameworks
Fig. 7. The fit of common dolphin takes to area categories

(Tables 7 and 8). The horizontal line indicates the fit
where the length is a function of the number of ob-
servations in the category. The vertical lines are two
standard error bands. The jittered black circles are the
partial deviance residuals for all observations. Solid
black bars or ‘rug plot’ on the x-axis represent sample
sizes at each category (Splus 6.2).

Less than 5% of the mean annual effort over both
regions took place in the areas with the highest bycatch
rate (MAS), whereas 74% of the mean annual effort,
over both regions, took place in the areas with the lowest
bycatch rate (MIS; Table 13).

Dispersion investigation

Raw observed white-sided and common dolphin
takes (i.e., not accounting for any covariates) showed
some degree of over-dispersion (Table 2). Conversely,
raw pilot whale takes fit the Poisson distribution.

During the univariate GLM analysis phase, for all
three cetacean species, dispersion varied by type of co-
variate (Tables 2-5). All of the univariate pilot whale
models were under-dispersed (not to a large degree in

ZIP models assume that there are two types of bot-
tom trawl tows that end up without observed bycatch: (1)
tows that could have had a bycatch event, but by chance
did not (for example, a bycatch event could have been
observed if they fish longer), and (2) tows that are likely
to never have a bycatch event. ZIP models did not ac-
count for additional variability over that accounted for
in the quasi-Poisson GLM models. This could be due to
the very low probability of observing multiple animals
in one tow. A quasi-binomial GLM was also explored
for pilot whales, since tows had either zero or one take.
However, the goodness-of-fit for the quasi-binomial did
not improve the fit as compared to the quasi-Poisson
GLM model.

Bycatch relative to PBR

In conclusion, the mean (2000-2005) annual by-
catch of pilot whales, white-sided dolphin and com-
mon dolphin attributed to bottom trawl fishing gear is
72 (CV =0.13), 212 (CV = 0.11) and 142 (CV = 0.10)
animals, respectively. Presently, these mean annual take
estimates are at 29%, 42% and 14% of their respective
stocks potential biological removal (PBR; Waring et al.,
2007).
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Discussion

The cetacean GLM models had low but varying
degrees of dispersion implying these data are not truly
under or over-dispersed (Table 7). The model building
process indicates that there is enough heterogeneity in
the characteristics among bottom trawl tows that the
right combination of covariates can remedy the disper-
sion problem (Cameron and Trivedi, 1998). However,
further analysis of the pilot whale data is needed to
determine whether these data exhibit apparent or true
under-dispersion. There may be some other mechanism
related to the bycatch of cetaceans that has not been dis-
covered or captured by the covariates, or it could be real
negative contagion, which is the occurrence of one event
decreasing the probability of future events (King, 1989).
For example, when an animal is captured there could be
a behavioral mechanism among cetaceans traveling in
groups that decreases the likelihood of another bycatch
event. Sighting logs from observed trips often note the
presence of several animals in the vicinity when an in-
cidental take has occurred. It is also common to observe
groups of animals present around bottom trawl vessels
during standard trawling operations (setting, towing and
hauling of gear) when no takes have occurred.

In general, among all three bycatch rate models,
spatial (region, area and latitude), habitat or environ-
ment (slope, depth or SST), and fishing practices (fshgrp)
variables were significant and had the lowest AIC scores
(Tables 3-5). The type of fish harvested (fshgrp) in par-
ticular was among the lowest AIC scores for all three ce-
tacean species, followed by habitat and spatial variables
(depth, SST and area; Table 7). These variables are asso-
ciated with each other to some degree. For example, chi-
square tests of independence show that area fished and
target species (fshgrp) are highly associated. In addition,
target fish species and area were associated with habi-
tat characteristics such as depth and slope. Hence, the
models that fit appear to be describing features preferred
by cetaceans for various reasons (e.g., feeding, mating,
socializing) that also coincide with features preferred by
fishermen when harvesting specific species (Fertl and
Leatherwood, 1997; Garrison, 2007). Because the by-
catch of cetaceans is rare there isn’t enough power in the
data to support the addition of all these potentially im-
portant features. However, the final models selected for
each cetacean species fit the data, indicating that these
models are appropriate statistical predictive models,
even if they are not describing a mechanistic relationship
(i.e.,cause-and-effectrelationship). However, McCracken
(MS 2004) also notes that development of methods to
handle rare events observed in hierarchical data could
lead to improvements in model selection.

The estimated bycatch rates are also known as ra-
tio estimators in the sense that the models are predicting
take per unit of effort. One of the assumptions for valid
use of a ratio estimator is that there needs to be a lin-
ear correlation between x and y (in this case bycatch and
days fished, respectively). Significant relationships be-
tween bycatch and days fished were present within some
of the strata defined by the model covariates for all three
species. The lack of association in some strata is likely
due to the sparse number of bycaught animals and may
add bias to the estimated bycatch rates for these species
(Tables 9, 11 and 13). McCracken (MS 2004) found tra-
ditional models to be adequate in predicting bycatch of
rare events.

A noticeable pattern in the diagnostic plots is the
small sample sizes in several strata. This is not due to
poor sampling but rather low commercial fishing effort
relative to the other strata (Tables 9, 11 and 13). Some
of the strata with low effort are associated with a high
abundance of animals. As a result, these particular areas
have the highest take rate per unit of effort. The highest
bycatch rates were found in deep waters with low SST
(white-sided dolphin) or where vessels in the Mid-Atlan-
tic region fished in mid to deep waters (pilot whales) or
in offshore Statistical Areas in the Mid-Atlantic region
(common dolphin; Fig. 3).

Future improvements to model development may
include the removal of areas from the analyses where
probability of takes is zero, for example in time/areas
where there is no fishing or no cetaceans. This may im-
prove model fitting and remove negative bias. For exam-
ple, white-sided dolphin have not been sighted south of
the Delmarva Peninsula and pilot whales have not been
sighted on the shelf habitat (Palka et al., 1997; Depart-
ment of the Navy, 2005).

The purpose of the models reviewed in this paper
was to estimate bycatch rates attributable to bottom trawl
fishing gear. Under different objectives, such as, mitiga-
tion or developing a model of the mechanistic reasons for
bycatch, different models may be preferred. The NEFOP
dataset contains many vessel and gear characteristics not
investigated in this analysis because those characteristics
are not known for the entire fishery which would not
allow expanding a bycatch rate to a total bycatch estimate.
These other characteristics could be investigated further
to learn more about statistical correlations between gear
characteristics and bycatch or about potential mecha-
nisms that entrap animals in bottom trawl nets. A poten-
tially important variable not collected in any dataset is
when the takes occur; did the take occur at depth or near
the surface. Hamer and Goldsworthy (2006) documented



96 J. Northw. Atl. Fish. Sci., Vol. 42, 2009-2010

an increased numbers of Australian fur seals at sub-sur-
face levels during net deployment and retrieval relative
to the number of animals present at the surface suggest-
ing that the animals dive to forage on fish in the net near
the surface. Increased use of video technology should be
utilized as a research tool to learn more about factors
associated with small cetacean bycatch that cannot be
observed from the deck of a trawl vessel.

The high abundance of whales and dolphins in fish-
ing areas on the Northeast U.S. continental shelf and the
fact that these animals have been observed swimming
in and out of the trawls, in comparison to the rareness
of bycatch suggests that there may be some other causal
factors that increase the risk of animal(s) and gear inter-
acting. One theory discussed among fishermen and sci-
entists involves the collapsing of the mouth of the trawl
net when tow speed is reduced to commence hauling
operations or turning of the vessel, and how this may
trap animals that may be depredating on fish inside the
body of the trawl net while it is actively being towed
through the water column (Morizur ef al., 1999; Smith
and Baird, MS 2005; Du Fresne et al., 2007; NOAA,
2009). Another theory is that animals are attracted to the
acoustic sound emitted while setting or hauling the trawl
net. Discussions on behavioral and mechanical processes
which include social and feeding behavior, vessel pro-
cesses, and gear characteristic that could contribute to
the risk of interaction have been discussed in Corkeron
et al. (1990), Fertl and Leatherwood (1997), Pace et al.
(2003), Read (2005) and Waring ef al. (1990).

Since Fertl and Leatherwood (1997) was issued,
interactions of cetaceans and pinnipeds with midwater
trawls continue to dominate the literature. Du Fresne et
al. (2007) also note that interactions between cetaceans
and trawls in most of the world is attributed to mid-water
trawls due to a variety of factors. However, it is impor-
tant to note that this is not the case in the NWA region of
the U.S. The results of this study show that mean mortal-
ity of white-sided dolphin and pilot whales attributed to
bottom trawl fishing are three times larger than bycatch
in mid-water trawls (Waring et al., 2007). This is largely
due to differences in timing and spatial location (on the
continental shelf) of the pelagic Clupea harengus and
Scomber scombrus fisheries in relation to presence of
small cetaceans (NMFS-NEFSC 2009). In contrast, bot-
tom trawl fisheries in the NWA U.S. occur year round in
regions that overlap with the preferred habitat of white-
sided dolphin, pilot whales and common dolphin (Payne
and Heinemann, 1993; Gannon et al., 1997; Orphanides
and Magnusson, 2007; Waring et al., 2007).

One final important note to be made pertains to the
assumption that effort from VTR’s used to expand es-
timated bycatch rates represent an accurate (unbiased)
total estimate of effort. It can be argued that self-reported
catch data will inherently contain some degree of bias.
However, in the Northeast region of the U.S. Rago et
al. (2005) states that there is close agreement between
landings reported on VTR’s and dealer reported landings
which are considered a near census of total landings. The
dealer reported landings however do not contain total
effort as this parameter is only reported on VIR’s. In
addition, Rago ef al. (2005) evaluated accuracy of ob-
served catches for estimating finfish discards by compar-
ing average catches, trip duration and spatial coherence
of trips with and without observers on board. Overall,
results show strong similarities between data recorded
on VTR’s and independent observer reports in the North-
east region . It should be noted that analyses presented by
Rago et al. (2005) rely heavily on landings of Northeast
multi-species groundfish. Other important fisheries in
the mid-Atlantic region that also interact with small ceta-
ceans (i.e., Loligo and I/lex squid) were not evaluated for
accuracy. However, several of the primary mid-Atlantic
fisheries that interact with the small cetaceans addressed
in this paper are managed by federal fishery management
plans that have the same mandatory reporting require-
ments as the Northeast multi-species groundfish fisher-
ies. As a result, it was assumed that VITR’s provide and
accurate (unbiased) representation of total bottom trawl
fishing effort across both the Northeast region and Mid-
Atlantic regions.
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APPENDIX 1.  Total number of bottom trawl trips and percent sampled by sub-region, statistical area, and year (Gulf of Maine = GOM;
Georges Bank = GB; Southern New England = SNE; Northern mid-Atlantic = NMA; Southern mid-Atlantic = SMA). Trips that
fished in more than one statistical area were treated as separate trips. The years 2000-2005 were selected for predicting small
cetacean bycatch mortality.

Mean
Sub-  Stat. sampling
region area 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005  coverage
GOM 511 121 60 52 82 89 79 69 70 46 20
1.65% 0.00% 0.00% 0.00% 1.12%  0.00% 0.00% 1.43% 10.87% 15.00% 4.75%
512 326 373 376 393 255 274 338 456 359 254
1.23% 0.27% 0.53% 0.00% 1.18% 1.09% 1.48% 7.24% 5.29% 6.69% 3.83%
513 4 855 3619 2981 2 666 3326 3482 3193 2782 2630 2021
2.04% 0.14% 0.13% 0.11% 2.04%  0.89% 2.88% 3.06% 3.04% 5.99% 2.98%
514 7747 6612 7323 5642 5987 6215 6139 6068 54 43 5349
0.17% 0.17% 0.07% 1.12% 2.51% 2.98% 5.36% 6.61% 6.08% 9.14% 5.45%
515 770 700 833 676 483 525 527 457 437 403
1.04% 1.14% 0.24% 0.00% 3.93% 3.05% 493%  16.19%  10.07%  26.55% 10.79%
464 13 5 9 14 11 11 6 3 3 22
15.38%  20.00% 0.00% 0.00%  18.18% 9.09% 0.00% 100.00% 100.00% 100.00% 54.54%
465 23 17 33 11 10 17 10 5 7 7
13.04% 5.88% 0.00% 0.00%  30.00%  11.76%  20.00% 100.00%  42.86% 100.00% 50.77%
Mean
Sub-  Stat. sampling
region area 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005  coverage
GB 521 1561 1359 1236 1424 1287 1709 1513 1225 1228 1013
0.83% 1.91% 0.49% 0.98% 2.87% 339%  1031%  15.84%  11.07%  35.93% 13.23%
520 1015 934 935 977 912 1018 908 851 662 722
1.87% 0.75% 1.13% 1.13 3.84% 3.63% 9.14%  15.16%  18.88%  62.88% 18.92%
561 122 106 209 226 223 426 276 313 199 71
7.38% 0.00% 1.44% 1.77% 4.04% 3.52% 9.78%  19.17%  20.10%  88.73% 24.22%
560 176 115 102 124 183 155 225 379 502 195
3.41% 0.00% 0.00% 0.81% 8.74% 2.58%  10.22%  16.62%  11.75%  47.69% 16.27%
525 453 375 481 396 541 572 445 710 623 933
1.99% 2.13% 0.42% 0.51% 2.59% 1.22% 2.47% 7.04%  11.88%  37.19% 10.40%
526 309 200 272 326 173 173 162 193 103 151
2.27% 5.00% 0.37% 3.07% 1.73% 4.62% 4.94%  2332%  12.62%  39.73% 14.49%
551 5 4 6 2 1 3 2 1 1 0
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
550 2 4 0 4 4 12 5 6 4 4
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  50.00% 0.00%
541 9 14 29 21 10 6 9 7 10 13
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 7.69% 1.28%
540 3 4 4 1 5 5 0 3 1 1
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
543 4 1 6 3 4 5 8 6 8 6

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  16.67% 2.78%
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APPENDIX 1. (Continued). Total number of bottom trawl trips and percent sampled by sub-region, statistical area, and year (Gulf of Maine =
GOM; Georges Bank = GB; Southern New England = SNE; Northern mid-Atlantic = NMA; Southern mid-Atlantic = SMA).
Trips that fished in more than one statistical area were treated as separate trips. The years 2000-2005 were selected for predicting
small cetacean bycatch mortality.
Mean
Sub-  Stat. sampling

region area

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 coverage

SNE

3175 2 862 2652 2693 2434 2435 2311 1 865 1984 1925

537 0.50% 1.08% 0.53% 1.00% 0.53% 0.82% 0.56% 1.50% 2.62% 7.95% 2.33%

538 2280 1998 1682 2239 1758 1326 1652 1413 1742 1296
0.75% 1.10% 0.12% 0.45% 0.91% 0.60% 1.21% 1.42% 3.73%  12.35% 3.37%

539 2962 3312 4015 3930 3517 3116 3349 3105 2956 2 688
0.98% 0.45% 0.15% 0.00% 0.63% 0.87% 0.90% 2.19% 2.94% 4.69% 2.04%

611 3914 3586 4582 4 696 4323 4111 4 495 4790 4626 4207
0.38% 0.14% 0.02% 0.00% 0.21% 0.22% 0.07% 0.29% 0.86% 1.97% 0.60%

612 3179 3323 3042 3110 3084 2 891 3099 2521 2549 2 807
1.67% 0.36% 0.53% 0.32% 0.71% 0.80% 0.45% 1.71% 3.26% 1.50% 1.40%

613 2690 3623 2993 3602 5216 4131 4513 3163 3588 2 837
0.67% 0.75% 0.70% 1.11% 0.46% 1.53% 0.91% 0.13% 1.78% 1.16% 0.99%

533 11 20 13 9 5 8 3 11 4 11
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

534 19 15 11 14 20 31 13 10 14 19
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Mean

Sub-  Stat. sampling
region area 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 coverage

NMA 614 189 194 187 127 95 83 47 123 171 265
3.17% 0.00% 0.00% 3.15% 2.11% 2.41% 2.13% 4.88%  11.11% 2.26% 4.15%

615 219 257 84 114 157 192 105 138 211 121
52% 4.28% 3.57% 3.51% 3.82% 4.69% 2.86% 3.62% 7.58% 3.31% 4.31%

616 1516 1271 1348 965 929 990 997 939 1269 1318
0.99% 2.60% 2.08% 1.66% 1.61% 2.22% 0.80% 0.85% 5.76% 5.01% 2.71%

621 1221 1344 1424 1190 927 731 977 845 1261 13 56
4.10% 0.15% 0.14% 1.09% 2.27% 9.17% 7.27% 4.02% 2.78% 1.11% 4.44%

622 635 392 699 488 295 415 380 529 1037 661
6.14% 6.38% 2.29% 2.46%  11.53% 4.82% 2.89% 4.73% 7.71% 5.60% 6.21%

623 55 31 43 46 27 49 45 93 161 106
1.82%  19.35%  18.60% 0.00% 11.11% 6.12% 2.22% 9.68%  10.56% 8.49% 6.36%

624 2 1 1 0 2 0 3 4 1 2
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

625 184 170 105 120 72 86 335 163 139 136
2.17% 1.18% 0.00% 1.67% 5.56% 2.33% 1.49% 4.91% 2.88% 3.68% 3.47%

626 279 165 375 406 371 304 248 488 784 1256
6.09% 4.85% 1.87% 0.99% 9.97% 1.64% 0.81% 5.53% 3.32% 1.03% 3.72%

627 10 7 19 11 7 11 8 8 14 23
50%  28.57%  21.05%  18.18%  14.29% 27.27 0.00% 0.00%  28.57% 4.35% 12.41%

628 4 0 4 4 1 0 1 1 3 9
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

629 0 0 1 0 0 1 0 0 0 1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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APPENDIX 1. (Continued). Total number of bottom trawl trips and percent sampled by sub-region, statistical area, and year (Gulf of Maine =
GOM; Georges Bank = GB; Southern New England = SNE; Northern mid-Atlantic = NMA; Southern mid-Atlantic = SMA).
Trips that fished in more than one statistical area were treated as separate trips. The years 2000-2005 were selected for predicting
small cetacean bycatch mortality.
Mean
Sub-  Stat. sampling
region area 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 coverage
SMA 631 57 198 289 160 234 277 326 200 98 55
8.77% 3.03% 1.38% 0.63% 6.41% 0.00% 3.37% 5.50% 3.06% 1.82% 3.36%
632 191 93 221 127 124 100 46 108 105 66
5.24% 5.38% 0.00% 2.36% 5.65% 0.00% 0.00%  14.81% 11.43%  19.70% 8.60%
633 5 3 4 14 5 3 0 9 4 2
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
634 1 0 0 1 0 1 0 0 0 0
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
635 256 485 489 402 328 430 357 346 1 173
0.78% 0.62% 1.64% 3.23% 2.44% 0.00% 1.68% 0.87% 100.00% 5.20% 18.36%
636 27 42 42 54 15 20 11 16 9 20
11.11% 2.38% 0.00% 1.85%  20.00% 0.00% 0.00%  12.50% 3333%  15.00% 13.47%
637 0 1 1 2 18 0 1 5 3 2
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
638 4 34 34 0 0 0 0 0 0 1
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
639 1 4 4 3 4 2 3 0 2 4
100% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
701 76 116 116 26 14 26 0 3 1 0
0.00% 0.00% 0.00%  11.54%  14.29% 0.00% 0.00% 0.00% 0.00% 0.00% 2.38%
702 17 16 16 6 20 12 1 0 0 0
0.00% 0.00% 0.00%  16.67% 5.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.83%
703 0 0 0 5 2 0 0 1 0 0

0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 100.00% 0.00% 0.00% 33.33%




