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Concern over incidental catches in commercial fisheries has been increasing, and

while simple mitigation strategies have been effective, few effective mitigation strategies

have been established for more complex species interactions. Incidental catches of

alewife (Alosa pseudoharengus) and blueback herring (A. aestivalis) in the commercial

Atlantic herring (Clupea harengus) fishery have received substantial attention on the

Northeast U.S. continental shelf, despite an existing bycatch avoidance program.

This study evaluates the utility of existing species distribution forecasts to predict

river herring catches in the southern New England small mesh bottom trawl Atlantic

herring fishery, with the ultimate goal of incorporating incidental catch forecasts into the

bycatch avoidance program. Commercial Atlantic herring bottom trawl vessels assisted

with field-based evaluation of alewife, blueback herring, and Atlantic herring species

distribution forecast models. Vessels were equipped with conductivity, temperature, and

depth probes, and sampling occurred throughout the fishery season (January–March).

Locations of expected low and high forecasted incidental catches were sampled, as well

as locations the captain expected to find low and high incidental catches. This allowed

us to sample within the spatial area the fishery occurs, and to evaluate the forecasted

conditions, and predictions, at the spatial scale of the fishery. Catch differences between

high and low probability stations were small and variable, as were differences in modeled

probability of species presence. No differences were observed between observations at

model-predicted stations and captain-selected stations. The sampling provided a better

understanding of the potential effectiveness of distribution forecasts for further reducing

incidental catches. Existing models have limited use at the spatial scale of this fishery, but

could be improved by developing models with fishery-dependent data. Collaborations

between researchers, managers, and the Atlantic herring commercial fleet have improved

relationships between the groups, and continued collaboration in the development and

evaluation of incidental catch reduction tools is key for further reducing incidental catches.
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INTRODUCTION

Flexible management strategies and cooperative research are
becoming common tools in fisheries management, and can
increase compliance and improve the economic and ecological
efficiency of fisheries (Cox et al., 2007; O’Keefe et al., 2013).
Flexible management strategies have become more widespread,
especially over the last decade, and are facilitated by technology
advancements (Gilman et al., 2006; Lewison et al., 2015;
Little et al., 2015). While flexible strategies, such as “move-on
rules,” generally need to be combined with some broader scale
management plan, these tools can allow fisheries to reduce their
non-target catches, while minimizing the economic impacts on
the fleet (Dunn et al., 2013; O’Keefe et al., 2013; Little et al., 2015).
Many flexible strategies, especially those intended to reduce non-
target catches, require regular communications between actively
fishing vessels and scientists (Bethoney et al., 2013; O’Keefe
et al., 2013; Lewison et al., 2015). A good relationship between
managers and industry is key to a successful fleet communication
program because of the need for regular communications
of detailed information regarding fishing locations and catch
compositions as well as high participation levels (O’Keefe et al.,
2013; Lewison et al., 2015).

Cooperative research has been used in the development of
a variety of tools for improving financial benefits and reducing
ecological impacts, such as using industry to test new or modified
fishing gear, or to develop and test tools to avoid catching non-
target species (Johnson and van Densen, 2007; Lewison et al.,
2015). When industry is included in the early stages of research
projects, management changes, and policy development, they
can contribute critical ideas and information that may have
been overlooked by scientists and managers, improving the
effectiveness (Hartley and Robertson, 2006; Johnson and van
Densen, 2007). This collaboration can also increase industry buy-
in for modifying gear or changing their fishing strategy, which
drastically improves the success of new policies (Hartley and
Robertson, 2006; Johnson and van Densen, 2007).

Recent advances in environmental forecast model accuracy
and species distribution modeling have facilitated a shift in
dynamic oceanmanagement techniques, from “reactive” systems,
where catches are regularly summarized and reported back
to vessels, to “proactive” forecasting systems (Hobday and
Hartmann, 2006; Manderson et al., 2011; O’Keefe et al.,
2013; Eveson et al., 2015; Lewison et al., 2015). Species
distribution models provide the foundation for most proactive
dynamic management systems, as species distributions are
directly or indirectly related to environmental conditions (Mann,
1993). Environmental forecasts can be combined with species
distribution models to predict over relatively short (i.e., days
to months) time scales to inform fisheries (Hartog et al., 2011;
Eveson et al., 2015; Kaplan et al., 2016), or over longer (i.e.,
decadal) time scales to predict shifts in distributions related to
climate change (Hare et al., 2010; Lynch et al., 2015).

In the Northeast U.S., the River Herring Bycatch Avoidance
Program, a collaboration involving the Massachusetts Division
of Marine Fisheries, the University of Massachusetts School
for Marine Science and Technology, and the Atlantic herring

(Clupea harengus) and Atlantic mackerel (Scomber scrombus)
fisheries, has been operating since 2010 (Bethoney et al., 2013).
The program began because of growing concern over incidental
catches of river herring (alewife, Alosa pseudoharengus, and
blueback herring, A. aestivalis) in the Atlantic herring and
Atlantic mackerel fisheries (Bethoney et al., 2013). Participation
in the program is voluntary, yet has grown to all of the mid-
water fleet (11 vessels) and most of the bottom trawl fleet (6 of
8 vessels) since the implementation of river herring catch caps
for all fishing areas (US DOC, 2015). The overall river herring
catch cap is the weighted mean river herring catch estimate,
with proportions specified for regions and gear types (US DOC,
2015). Many of the small mesh bottom trawl vessels are also part
of the NOAA Northeast Fisheries Science Center’s Cooperative
Research Study Fleet (NEFSC Study Fleet), facilitating detailed
data collection on catch composition and locations (Palmer et al.,
2007). Preliminary analyses suggest that the Bycatch Avoidance
Program has reduced river herring catches as a result of vessels
avoiding areas with reported high river herring catches (NEFMC,
2014). The next step in further reducing incidental river herring
catches is to develop a nowcast or forecast tool to inform industry
of areas where higher river herring catches are likely, along with
information on where they have been observed.

We previously developed and evaluated species’ distribution
models using fishery-independent data (Turner et al., 2015),
which we then coupled with an ocean forecast model (FVCOM;
Chen et al., 2006) and evaluated its accuracy using newly
collected fishery-independent data (Turner et al., 2017). Species’
distribution forecasts correctly predicted presence for 68–69%
of fishery-independent observations, but given the substantially
different spatial scales of the trawl survey used for model
development and initial testing and the fishery, fishery-
dependent evaluations were necessary. The goal of developing
species’ distribution forecasts is to create a product that can be
incorporated into the existing River Herring Bycatch Avoidance
Program to further reduce incidental catches of alewife and
blueback herring. The next step in the development of a proactive
tool is testing using the designed collection of fishery-dependent
data. We contracted three commercial Atlantic herring bottom
trawl vessels (members of the NEFSC Study Fleet) to perform
directed sampling of the species’ distribution forecasts. Our
objectives were:

1) To evaluate the accuracy of the species’ distribution forecasts
over the spatial and temporal scales of the commercial
Atlantic herring bottom trawl fishery; and

2) Compare the species’ distribution forecasts with the captains’
“mental models.”

METHODS

Study Area
Species’ distribution forecasts were previously developed and
evaluated with fishery-independent data (Turner et al., 2015,
2017) for alewife, blueback herring, Atlantic herring, and Atlantic
mackerel (not included in this study), encompassing most of
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the Northeast U.S. continental shelf (Figure 1). The spatial scale
of this study (41.15–41.50◦N, −71.86–−71.40◦W; Figure 1) was
substantially smaller than for initial model development and
evaluation because the vessels used by the Atlantic herring
small mesh bottom trawl in this study typically only take 1
day trips because of limited carrying capacity. All three study
species overwinter in Southern New England continental shelf
habitats (Fay et al., 1983; Stevenson and Scott, 2005) and
alewife and blueback herring are regularly caught by small
mesh bottom trawl vessels targeting Atlantic herring during
the winter; this study encompassed the fleets’ fishing grounds
(Bethoney et al., 2013; Cournane et al., 2013). The FVCOM

forecast model domain completely encompasses the study area
(Figure 2).

Directed Sampling
The dates selected for directed model sampling were days the
vessels were not commercially fishing with favorable weather;
a total of 10 trips were taken for this study (two vessels
were contracted for 3 fishing days each, and one vessel was
contracted for 4 fishing days). We aimed for one sampling
trip each week, to sample most of the fishery season (January–
March). Two ports in southern Rhode Island were used for all
trips (Figure 1). Oceanographic forecasts coupled with species

FIGURE 1 | Map of the study area, with Rhode Island state waters indicated with the black line and the spatial limits of the study indicated by the

dashed line. Circles indicate model-selected high and low probability stations, triangles indicate captain-selected high and low probability stations; stars indicate the

ports.
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FIGURE 2 | Map of the finite-volume community ocean model (FVCOM)

forecast grid; points indicate the forecast nodes, with distances

between nodes varying by physical environment complexity (distance

between nodes ranges from 0.3 to 15 km).

distribution models were used to select stations with high and
low probability of catching alewife and/or blueback herring;
ranges for high and low probability stations were dependent
on the available ranges of probabilities on a given day. The
area was restricted based on vessel capabilities (day boats) and
permit allowances, depths greater than 18 meters, and areas with
substrate suitable for trawling (Figure 1). Four station types were
sampled: a model-based high probability station, a model-based
low probability station, a captain-predicted high probability
station, and a captain-predicted low probability station. Five
sampling stations were the target for each trip, one of each
type and a repeat of one of the two model-predicted stations
(dependent on location relative to returning to port; see Figure 1)
and this was achieved on most trips. Captains could select
stations anywhere within the study region they would expect to
see high or low river herring incidental catches. All sampling
occurred on dedicated research trips, and was covered by a
Scientific Research Permit issued by the NOAA Greater Atlantic
Regional Fisheries Office Sustainable Fisheries Division; catches
were not subject to fishery regulations (i.e., were excluded from
quotas). This work was conducted as part of commercial fishing
operations and all rules and regulations were followed under an
Experimental Fishing Permit (no ethics approval was required as
per institutional and national guidelines).

Three captains participated in the project; all are part of
the NEFSC Study Fleet. For model selected stations, captains
fished as close as safely possible to the coordinates provided (i.e.,
avoid locations that will damage their gear). Captains selected
their fishing locations using their “mental models” of where they
thought incidental catch would be high and low. At each station,
a 20-min tow (beginning when proper door spread was achieved)
was conducted, and a conductivity, temperature, and depth probe
(CTD) was attached to the net for each trip to compare the
forecasted conditions with those observed. A scientist sorted and
weighed (in pounds) all fish caught in each tow to estimate catch

composition; when the hail exceeded 1,000 pounds a subsample
was taken and extrapolated. Atlantic herring were caught in all
tows except one (49 of 50), alewife were caught in 48 of 50 tows,
and blueback herring were caught in 40 of 50 tows (Figure 3; see
Supplementary Table 1 for catch weights by tow). Other species
caught were American shad (A. sapidissima; 31 tows), Atlantic
mackerel (19 tows), Atlantic menhaden (Brevoortia tyrannus;
18 tows), butterfish (Peprilus triacanthus; 2 tows), silver hake
(Merluccius bilinearis; 1 tow), and long-finned squid (Doryteuthis
pealeii; 1 tow).

Evaluation and Analyses
While the FVCOM model has been thoroughly evaluated,
evaluation of temperature and salinity errors at the spatial and
temporal scales of the study was deemed useful. Forecasted and
observed temperature and salinity were compared using paired
t-tests. CTD data were limited to when the net was on the
bottom based on the pressure, following protocols established
for other bottom trawl surveys, by omitting data where the
pressure is<15 decibars and where the rate of change exceeds 0.3
decibars/10 s (measurements were recorded at 10 s intervals). The
mean observed temperature and salinity for each tow were used
to predict the probability of species’ presence for comparison
with forecasted probabilities. FVCOM forecasts predict up to 2
days in advance, and 1 or 2 day advance forecasts were used for
station selection depending on how far in advance a fishing day
was scheduled (previous work found no significant differences
in conditions from 1 or 2 day forecasts; Turner et al., 2017).
The forecasted conditions used for evaluations were the FVCOM
model forecast node nearest to the start of the tow. Linear models
were used to test if the relationships between the forecasted and
observed conditions were correlated with the distance between
the FVCOM forecast node and the coordinates for the trawling
start.

Generalized additive models for the habitat associations of
alewife, blueback herring, and Atlantic herring, based on fishery-
independent data, were previously developed using the R package
“mgcv” v. 1.8-6 (Hastie and Tibshirani, 1990; Wood, 2006;
Politis et al., 2014; R Development Core Team, 2014; Turner
et al., 2015). Species’ presence was the response variable, using
a binomial link function, and all models included smooth
functions of bottom temperature, bottom salinity, and depth,
a tensor product smooth of solar azimuth and solar elevation,
and region as a factor variable (Turner et al., 2015). Model
probabilities of species presence using forecasted and observed
conditions were evaluated for all three species using paired t-
tests. Linear models were used to test if the relationships between
the forecasted and observed predictions were correlated with the
distance between the FVCOM forecast node and the coordinates
for the trawling start. Model predictions were compared with
observed catches by calculating the ratio of alewife or blueback
herring weight to Atlantic herring weight (i.e., weight of
alewife/weight of Atlantic herring). The differences in model
probabilities and catch proportions at high and low probability
stations for each day (repeat tows were excluded) were then
calculated for alewife and blueback herring to understand how
the differences in modeled probabilities compare with observed
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FIGURE 3 | Summary of the observed catches (in pounds) during directed sampling; histogram of the log-transformed alewife catch (upper left),

histogram of the log-transformed blueback herring catch (upper right), histogram of the log-transformed Atlantic herring catch (lower left), and a

scatterplot of log-transformed alewife (red), and blueback herring (blue) catches against the log-transformed Atlantic herring catch.

catch differences. Relationships between model probabilities
and catch proportions were examined using FVCOM modeled
fields and CTD measurement, for model and captain predicted
stations.

To examine one potential discrepancy between catch
and forecasted species distribution, we examined how the
probabilities changed over the course of the tow track. The vessel
records the GPS location every 20 s, and these coordinates were
matched to the nearest temporal CTD conditions. Similarly,
the closest FVCOM node was matched to each coordinate
recorded throughout each tow. The probability of each species’
presence was modeled for each observation within each transect
using the observed and forecasted conditions, to identify if

any substantial changes in the probability of species’ presence
occurred.

RESULTS

Deviations between forecasted and observed conditions, as
well as the probabilities of species’ presence based on the
forecasted and observed conditions, were quantified to evaluate
the ocean forecasts and species distribution forecasts. The
differences between the forecasted and observed temperatures
and salinities were significant (paired t-tests: t = −9.9 and 10.1,
respectively; d.f. = 49; p < 0.0001; Figure 4). The correlation
between the temperature deviation (forecasted–observed) and
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the distance between the FVCOM forecast node and the start
location of each trawling station was marginally significant
(d.f. = 48; p = 0.0599). The correlation between the salinity
deviation and the distance between forecast and trawl stations
was significant (d.f. = 48; p = 0.0144). Conversely, the
correlation between the species’ distribution model deviations
and the distance between the FVCOM forecast node and the
trawl start locations were not significant (d.f. = 48; p >

0.2). We also evaluated the differences in species distribution
model probabilities derived using observed and forecasted
conditions. Deviations between forecasted and observed species
distribution model probabilities were significant for alewife
and Atlantic herring (t < −5; d.f. = 49; p < 0.0001;
Figure 5).

The differences were relatively small (average 0.06) between
model probabilities of alewife or blueback herring presence
for high and low probability stations using forecasted and
observed conditions (Tables 1, 2).The differences in the catch
proportions of alewife to Atlantic herring and blueback herring
to Atlantic herring were generally small for each day (mean
difference in proportion alewife = 0.27, mean difference in
proportion blueback herring = 0.05; Tables 1, 2; Figure 6).
There were weak correlations between the log-transformed
alewife and blueback herring catches and the Atlantic herring
catches (Figure 3). For 3 fishing days, the proportion of
alewife to Atlantic herring catch was lower at the high
probability station; the forecasted probability differences for
these days ranged from 0.05 to 0.14. The observed condition
probability differences on these days did not exceed 0.04
(Table 1; Figures 7, 8). The proportion of blueback herring
to Atlantic herring catch was also lower at high probability
stations for three fishing days (Table 2; Figures 7, 8). The
blueback herring forecasted probability difference was small
(<0.02) for all 3 of these days and negative (−0.01) for one.
The observed probability differences for these days were similar
(Table 2).

There were minimal differences in the skill of the forecast
model compared to the captains’ mental models of where
high and low catches of river herring would be encountered.
There was one exception where the difference for the captain-
predicted stations was very large (Figures 7, 8). There was a
weak, non-significant, correlation between the catch proportions
and forecast model predictions (i.e., alewife probability/Atlantic
herring probability; alewife r = 0.25; blueback herring r =

0.20; Figure 9). No significant trends were identified between
the differences in model probability and catch proportions
between high and low probability stations for model or captain
selected stations, using either FVCOM or CTD conditions
(Figures 7, 8).

The differences in forecasted and observed model
probabilities for all species across each transect were relatively
small (all < 0.1) and the median observed probability ranges
were all below 0.03 and the median forecasted probability ranges
were less than 0.02 (Figure 10). Most tows did not show strong
trends in the probability of alewife or blueback herring presence
from the start to the end (Supplementary Figures 1, 2).

DISCUSSION

Real-time spatial management (dynamic management) strategies
have been demonstrated to be more effective than static time and
area closures in a wide variety of fisheries (Lewison et al., 2015;
Little et al., 2015; Dunn et al., 2016). Real-time management can
now be taken a step further, as advancements in oceanographic
forecasting permit forecasting species’ distributions based on
species’ habitat associations (Eveson et al., 2015; Kaplan et al.,
2016). This study illustrates how to integrate cooperative research
for evaluating a potential real-time bycatch forecasting tool. We
tested the potential for coupling ocean forecast models and
species’ distribution models to predict the likelihood of non-
target catches of alewife and blueback herring in the winter
Atlantic herring bottom trawl fishery at spatial and temporal
scales relevant to the fishery. Our test showed little to no skill in
our ability to predict high or low occurrence of river herring in
the wintertime, small-mesh Atlantic herring bottom trawl fishery.
However, the contrast between modeled high and low probability
stations was also relatively small (<20%).

Model Evaluations
Forecasted temperature and salinity differed significantly from
the observed conditions, but both deviations were related to
the distance between the FVCOM forecast node and the trawl
starting location. Thus, small spatial scale heterogeneity in
conditions likely influences these deviations. The deviations
observed here were similar to the deviations observed during
fishery-independent model evaluations in Turner et al. (2017)
for Southern New England. Forecasted and observed alewife
and blueback herring distribution probabilities also differed
significantly, but the differences were not related to the
distances between FVCOM nodes and trawl start locations.
Some additional improvements might be made through higher
resolution numerical circulation models. However, the modeled
probability of river herring occurrence was little affected by
using forecast model based temperature and salinity or CTD-
based temperature and salinity. This supports the conclusion
of Turner et al. (2017) that much of the error in the model
occurrence derives from the species distribution model and not
the oceanographic forecasting model: it is the biology not the
physics, where the majority of the uncertainty lies.

One weakness in our test of the models skill in predicting
high and low incidental catches was the lack of contrast across
the model domain. On any given day, the difference between
modeled high and low probabilities never exceeded 0.25 and
was 0.06 on average. This suggests that probabilities of alewife
and blueback herring are relatively consistent within the study
area (i.e., at the spatial scale of this fishery; Figure 1) on a given
day. Sampling stations for the fishery-independent survey used
for initial model development and testing are an average of
12 km apart and cover most of the Northeast U.S. continental
shelf; probabilities of species presence at that spatial scale had
ranges from 0.5 to 1.0. Despite small differences in probabilities
and catches, weak positive correlations, albeit non-significant,
were observed between the overall modeled probabilities of both
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FIGURE 4 | Scatterplots of the forecasted against the observed temperature (left) and salinity (right) for each tow. The dashed line is the 1:1 line.

FIGURE 5 | Scatterplots of the model probability of species presence using observed (CTD) conditions against model probabilities using forecasted

(FVCOM) conditions for alewife (upper left), blueback herring (upper right), and Atlantic herring (lower left).
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TABLE 1 | Summary of the differences between high and low model

probability stations for alewife based on forecasted and observed

conditions, and observed difference in the proportion of alewife to

Atlantic herring catch for each sampling trip.

Date Forecast condition

probability

differences

Observed condition

probability

differences

Proportion of

Atlantic herring

catch differences

12/30/2015 0.0549 0.0339 −0.5610

1/6/2016 0.1391 0.0400 −0.2156

1/12/2016 0.0519 −0.0259 0.3599

1/21/2016 0.0809 0.0474 0.0331

1/28/2016 0.0598 0.0112 −0.0370

2/10/2016 0.0835 0.0370 0.5510

2/18/2016 0.1682 0.0931 1.7594

2/22/2016 −0.2223 −0.1656 0.0000

3/1/2016 0.0847 0.1226 0.5119

TABLE 2 | Summary of the differences between high and low model

probability stations for blueback herring based on forecasted and

observed conditions, and observed difference in the proportion of

blueback herring to Atlantic herring catch for each sampling trip.

Date Forecast condition

probability

differences

Observed condition

probability

differences

Proportion of

Atlantic herring

catch differences

12/30/2015 0.0008 −0.0017 −0.1442

1/6/2016 −0.0099 −0.0172 −0.2845

1/12/2016 −0.0200 −0.0074 0.0000

1/21/2016 0.0188 0.0117 −0.0486

1/28/2016 0.0148 0.0016 0.0032

2/10/2016 0.0225 −0.0146 0.0073

2/18/2016 0.0238 −0.0102 0.8895

2/22/2016 −0.0246 0.0007 0.0000

3/1/2016 −0.0079 −0.0131 0.0258

species’ presence and the proportion of the Atlantic herring catch
for alewife and blueback herring.

Environmental forecast models have been used to
predict species’ distributions and habitat overlap with other
commercially valuable species months in advance for southern
bluefin tuna, Thunnus maccoyii (Hartog et al., 2011; Eveson et al.,
2015). These models have longer temporal accuracy than those
used here, but the spatial resolution is coarser; also, the study
species’ thermal associations are more distinct than observed for
Atlantic herring, alewife, and blueback herring (Hartog et al.,
2011; Turner et al., 2015). The difference between the spatial
scales of the fishery-independent trawl survey (roughly 20 km
or more between stations) that was used for model development
and the Atlantic herring small-mesh bottom trawl fishery (total
area of roughly 60 by 40 km) may further complicate our model
evaluations. When species distribution forecasts were evaluated
with fishery-independent data, the forecast model skill ranged
from 0.68 to 0.69 for Atlantic herring, alewife, and blueback
herring (Turner et al., 2017). At the scale of the small mesh
bottom trawl fishery, habitat associations could be dependent

on variables not included in models, or relationships with some
variables might vary between the spatial scale of the trawl survey
compared with the fishery (Hirzel and Le Lay, 2008).

Conditions, and therefore probability of species’ presence,
changed during the course of each tow, and while the changes
in probability were relatively small and generally lacked trends,
the ranges observed within tows were similar to the differences
observed between high and low probability stations. This
heterogeneity in environmental conditions within tows likely
affects species distributions, but occurs at a scale finer than the
species distribution models and potentially the ocean forecast
models as well. Given the relatively small range of probabilities
observed within and between tows, and that tow durations for
this study were short relative to regular fishing trips (20 min vs. 2
h), species mixing may occur at spatial scales finer than sampled
here. Interestingly, the species distribution forecast models and
the captains’ “mental models” had fairly similar accuracy. This
suggests that small-scale physical heterogeneity is not driving
differences in catch; which raises the importance of small-scale
unresolved aspects of the biological distribution.

Implications and Next Steps
Models developed using fishery-dependent data, as opposed
to fishery-independent data might provide greater skill for
predicting incidental catch in commercial fisheries. Fishery-
dependent models could be developed by deploying CTD probes
on commercial small mesh bottom trawl and mid-water trawl
vessels. These oceanographic data could be used to further
evaluate the accuracy of FVCOM forecasts. Previously collected
tow-by-tow catch data can also be used by coupling with FVCOM
hindcast data. Tow-by-tow data on catch composition only began
being regularly collected within the past decade, thus further
limiting the amount of existing data (Bethoney et al., 2013).
These data could then be used to generate species distribution
models, which could then be tested similar to the test reported
here.

Themodels, in their current form, have limited applicability to
the winter small mesh bottom trawl Atlantic herring fishery, but
they were useful at the broader scale of the Northeast Fisheries
Science Center fishery-independent bottom trawl survey (Turner
et al., 2015, 2017). Therefore, we hypothesize that model
accuracy is confounded by spatial scale differences in habitat
associations, and can be improved for commercial fisheries
by developing models using fishery-dependent data. If fishery-
dependent models have predictive skill, the next step would be to
collaborate with the River Herring Bycatch Avoidance Program
to incorporate the forecast models into the program. Given that
the existing Bycatch Avoidance Program uses an ∼5′ latitude by
10′ longitude grid (roughly 5 nautical miles by 8 nautical miles)
for reporting, the forecasts will likely need to be adapted to the
same scale to facilitate integrating forecasts models with current
bycatch avoidance updates (Bethoney et al., 2013). While a lot of
work remains, this tool has the potential to further reduce the
ecological impacts of the fishery without large economic losses.

This study also paves the way for using oceanographic
forecasting models to support fishery management in near-
real time. While substantial work remains, the architecture of
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FIGURE 6 | Histograms of the log-transformed proportion of alewife/Atlantic herring catch in pounds (left) and blueback herring to Atlantic herring

catch in pounds (right).

FIGURE 7 | Scatterplots of the observed difference in catch (in pounds) at high and low probability stations against the difference in FVCOM

forecasted model probability of species presence for model-selected stations for alewife (upper left) and blueback herring (upper right) and for

captain-selected stations for alewife (lower left) and blueback herring (lower right).
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FIGURE 8 | Scatterplots of the observed difference in catch (in pounds) at high and low probability stations against the difference in observed (CTD)

model probability of species presence for model-selected stations for alewife (upper left) and blueback herring (upper right) and for captain-selected

stations for alewife (lower left) and blueback herring (lower right).

FIGURE 9 | Scatterplots of the proportion of model probability overlap against the catch proportion for alewife (left) and blueback herring (right).
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FIGURE 10 | Histograms of the ranges in model probabilities of each

species observed within each tow. The upper panel shows the ranges for

probabilities derived using observed (CTD probe) data, and the lower panel

shows the ranges for probabilities derived using forecast model (FVCOM) data.

Red bars represent ranges of alewife (AW) model probability, green bars

represent blueback herring (BB) model probability, and blue bars represent

Atlantic herring (AH) model probability.

coupling circulation models with species distribution models,
and providing the output to fishermen in near-real time has
been developed. Continued involvement of multiple stakeholders

is needed to improve upon this idea. There are numerous
by-catch and incidental catch issues in the Northeast region
where this approach may contribute to meeting the goals of
reducing incidental catch in a cooperative framework, and is
a relatively inexpensive method of sampling that could inform
stock assessments.
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