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Abstract

Discard mortality (DM) estimates are vitally important to fisheries management.
Commercial fishery DM estimates, for example, can help calculate total fishing mortality
and biologically acceptable catch limits. The winter skate, Leucoraja ocellata, is the only
species within the US portion of the western North Atlantic that is targeted in the skate
wing fishery. However, due primarily to fishery regulations, this species is also routinely
discarded at sea when daily quotas are reached. While already examined in mobile
fishing gears (i.e. bottom otter trawls), DM has not been addressed in western North
Atlantic skate species captured in sink gillnet fisheries, and a conservative 50% DM is
therefore used in management processes. Given this uncertainty, we estimated the DM of
winter skate in sink gillnets under standard commercial fishing conditions. The study
methods we employed addressed the issue of cryptic mortality (drop out of dead skates
from the gear and depredation prior to retrieval), which can bias DM estimates low for
bycatch in passive gear. The degree of injury sustained during capture and handling was
found to be a statistically significant predictor of mortality. Overall mean DM rates
reached an asymptote within 170 hrs of captivity, with estimates of 11% and 17% for
females and males, respectively. Based on these results, the species appears more
resilient to sink gillnet capture and release than previously thought. However, cryptic
fishing mortality appeared to be high for extended soak times and likely represents an
important focus of future research and management actions.
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Abstract

Discard mortality (DM) estimates are vitally important to fisheries management.
Commercial fishery DM estimates, for example, can help calculate total fishing mortality and
biologically acceptable catch limits. The winter skate, Leucoraja ocellata, is the only species
within the US portion of the western North Atlantic that is targeted in the skate wing fishery.
However, due primarily to fishery regulations, this species is also routinely discarded at sea
when daily quotas are reached. While already examined in mobile fishing gears (i.e. bottom otter
trawls), DM has not been addressed in western North Atlantic skate species captured in sink
gillnet fisheries, and a conservative 50% DM is therefore used in management processes. Given
this uncertainty, we estimated the DM of winter skate in sink gillnets under standard commercial
fishing conditions. The study methods we employed addressed the issue of cryptic mortality
(drop out of dead skates from the gear and depredation prior to retrieval), which can bias DM
estimates low for bycatch in passive gear. The degree of injury sustained during capture and
handling was found to be a statistically significant predictor of mortality. Overall mean DM rates
reached an asymptote within 170 hrs of captivity, with estimates of 11% and 17% for females
and males, respectively. Based on these results, the species appears more resilient to sink gillnet
capture and release than previously thought. However, cryptic fishing mortality appeared to be
high for extended soak times and likely represents an important focus of future research and
management actions.
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1. Introduction

When accounting for harvest, baseline (i.e. under present industry practices) discard mortality
(DM) estimates are an integral component of the fisheries management process, including the
calculation of total fishing mortality and biologically acceptable catch limits (Alverson, 1999;
Davis, 2002). Discard mortality rates are typically estimated in experiments that simulate
authentic fishery conditions, followed by observation of the fate of individuals. These
observations typically come from containment of experimental subjects (i.e net pens and deck
tanks) or result from traditional (tag and recapture) or electronic tagging (acoustic or satellite).
When predictors of DM, such as injury and/or vitality indices at the point of capture, are
validated from the aforementioned observations, DM rates can quantified at the scale of the

fishery (Depestele et al., 2014; Benoit et al. 2012, 2015; Capizzano et al., 2016).

One of seven species managed by the New England Fishery Management Council, the winter
skate, Leucoraja ocellata, (hereafter referred to as skate) is subject to a directed fishery for its
wings in the North Atlantic US waters (hereafter referred to as the skate wing fishery). This
species is managed by the use of annual catch limits (ACLs) and accountability measures (e.g.,
management triggers such as curtailing permissible effort if ACLs for incidentally caught species
are exceeded) consistent with the requirements of the reauthorized Magnuson-Stevens Fishery
Conservation and Management Act (Magnuson-Stevens Act) (NEFMC 2011). In addition, target
species must also be discarded after daily quotas have been satisfied, and when captured
incidentally in fisheries targeting other species. On the continental shelf waters adjacent to New
England and the mid-Atlantic, sink gillnets are used to target skates, monkfish (Lophius
americanus), and other species. Skate landings from sink gillnets are second only to those from

otter trawl fisheries (https://www.st.nmfs.noaa.gov/commercial-fisheries/index). Although the
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estimated short-term (72 h) DM of skate captured in otter trawl fisheries appears low (~9%;
Mandelman et al., 2013), DM has not yet been examined in sink gillnet fisheries,and a
conservative rate of 50% is currently assumed (NEFMC 2003). Given this uncertainty, the
objectives of the current study were to quantify the DM rate for skates discarded in the monkfish

sink gillnet fishery.

2. Methods

2.1  Study location and design

The study sites were located approximately 32km due south of Newport, Rhode Island in
collaboration with a commercial fisherman (Fishing Vessel; F/V Gertrude) (Figure 1). The vast
majority of reported skate landings originate from the study area, which is easily accessed during
single day fishing trips. This area is quite homogeneous with respect to depth, which varies from
105-128 m. Research trips were conducted between the peak commercial fishing seasons of mid-
July and mid-October in both 2014 and in 2015. The gillnet gear used in the study was standard
monkfish gear consisting of twelve, 91m panels of 30cm mesh netting, strung together, with
gillnet height restricted by “tiedowns” (twine looped from the floatline to the leadline and back)
resulting in a nominal fishing height of 48 in (122 cm). The gear is fitted with 85 Ib (39 kg) lead
line, 3/8 inch (10 mm) diameter polypropylene float line, and floats at every 8 ft. (2.4 m)
interval. Gillnet floatlines included breakaway links intended to promote the escapement of
entangled whales. Gillnet soak times were varied to approximate soak times typical of the
monkfish fishery (2 to 5 days), as well as longer soak times that may occur when foul weather
prevents net retrieval (up to 14 days) (Fig. 2). A total of 28 fishing trips were conducted over the

course of the study.
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For each haul, skates were placed in a large onboard container, continuously supplied with fresh
seawater. At this time, sea surface (SST) and air temperatures were measured. Individual skates
were measured, sexed, tagged with an identifying marker (Floy spaghetti tag) and assigned an
injury/vitality score per standards outlined in Mandelman et al. (2013). For example, a skate
placed in Category 1 (excellent) will show no signs of apparent morbidity and no overt physical
trauma, while a skate placed in Category 3 (overt physical trauma, listless, or moribund) will
have already succumbed or be predicted to suffer mortality from the sink gillnet capture. Two
motor reflexes were also assessed as possible predictors of DM (e.g. Davis, 2010): a gag reflex
(following the insertion of a small probe in the skate’s mouth) and back fly reflex (skate were
held by the tail in the air and assessed for wing beats). These reflexes have previously been
shown to be appropriate predictors of DM in skates captured incidentally in scallop dredges
(Knotek et al., 2015). Skates were selected for captivity trials in a generally random manner,
though skates in injury category 3 were disproportionately selected to ensure sufficient sample

size.

Skates were then transferred from the deck tanks into partially submerged net pens which were
then slowly lowered to the seafloor (exclusively on mud substrate to reduce the likelihood of
amphipod/isopod (i.e., “sand fleas”) infestation) for periods of captivity that varied between 72

and 285 hrs. To maximize surface area on the seafloor and reduce the likelihood of

dislodgement, circular net pens (diameter of bottom ring = ~1.8 m; diameter of upper ring =

~1.2 m; height = ~0.9 m) were utilized, based on a modified crab pot design (Burkes Custom

Metal Works, PEI, CA). Each pen was also outfitted with a special mesh bottom designed to

further reduce potential for sand flea infestation. Fifteen individuals were held in each pen during
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each trial. When the pens had reached biomass capacity, additional skates captured in a given
haul were assigned an injury/vitality score, tagged and released back to the ocean. Following the
captive period, net pens were retrieved to evaluate the mortality outcome of individual skates
(alive/dead), then all surviving animals were released.

2.2 Analysis

2.2.1 Winter skate bycatch numbers

Our first objective was to estimate bycatch per unit effort ((BPUE); numbers per gill net panel
per haul) of skate caught in gear associated with the monkfish fishery. Of particular importance
was to assess how soak time affects BPUE because of the possibility of drop out losses of dead
skate at longer soak times. Such drop outs occur as scavengers or detritivores consume dead
individuals to the point of diminishing their retention in the net (Uhlmann and Broadhurst, 2015;
Gilman et al., 2013). Losses of dead skate from gillnets prior to retrieval will result in an
underestimation of incidental fishing mortality and must be taken into account in the mortality
analyses described later. Thus, in our analyses, we considered not only the impacts of fishing
conditions (e.g. season, depth, seawater and air temperature), but also the impacts of the

demographic characteristics (e.g., size, sex) of captured skates.

A Poisson generalized linear mixed model (GLMM) was used to model skate catches in each

gillnet panel of each unique haul. The full (saturated) model was of the form:

Cij~Poisson(u;) @
el =y and varlcy] = s ?
u; = exp (a + soak; + depth; + SST; + a;) where a;~N (0, 6Zq;) )
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where Cj; is the number of skate caught in panel i of gillnet haul j, a is an intercept term, soak; is
a factor for soak time, depth; and SST; are the effects of depth (m) and SST(°C) both treated as
covariates, and a; is a random effect for haul which has a variance of,,;. Because the nets are
fished on the bottom, the water column depth is the fishing depth. Note that SST and air
temperatures were unsurprisingly highly correlated (r=0.71), and only SST was used in the
analyses. The random effect accounts for the effect on BPUE of factors not included in the
model, such as differences between hauls in the local density of skate and their catchability to the
gear. Soak time (integer days) was included as a factor in the model because its effect on BPUE
was expected to be non-linear given that it reflects a balance between likely time-varying capture
and loss rates of skate to the gear. Given the small range of values for SST and depth, no

interactions between variables were included in the saturated model.

Prior to the analysis, the explanatory variables of the saturated model were examined for extreme
values that may cause leverage effects, collinearity and potential non-linear relationships with
mortality. No issues were identified. Beginning with a random-effect only model, forward
selection using Akaike’s Information Criterion for small sample size (AICc; Burnham and
Anderson, 2002) was used to select the most parsimonious model(s). The number of hauls was
used as the sample size in calculating AICc as the covariates were measured at the haul level.
Models with the same number of parameters that were within 2 AICc units of each other were
viewed as having equal support in the data. Additional covariates were only retained if they
reduced AICc by 2. Pearson residuals from the selected models were used to check for possible

overdispersion in the data and to assess model fit following Zurr et al. (2009).
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2.2.2  Winter skate bycatch mortality

Initial checks of potential explanatory variables for the DM analysis were undertaken as
described above for the analysis of BPUE. A small cluster of skate with outlying lengths (<35
cm; Fig. 3) were removed from the analysis to avoid possible leverage effects. Based on the
results of the analyses of skate bycatch numbers, skates from hauls with a soak duration
exceeding 6 days were also removed from the analysis to minimize introducing bias to the
mortality estimates due to the drop-out of dead skates. With these modifications, there were 280

skates for which mortality outcomes were known.

An examination of the relationship between mortality and the duration of skate captivity for
mortality assessment is important because, all else being equal, an asymptote in survivorship
should be observed to ensure full accounting of DM (Davis 2002; Benoit et al. 2015). The
duration of captivity was treated as a three-level factor given that captivity times were clustered
around 3 sets of values 72-96 hrs (mean 75 hrs), 170 hrs and 285 hrs. Also, data for captivity
times between 92-96 hrs were grouped with those with times of around 72 hrs because there
were no observed mortalities in the former group, which prevented estimating a unique

parameter in the model described below.

There was little evidence for collinearity among covariates; all variance inflation factor values
were <1.3. All continuous covariates were standardized to zero mean and unit variance to

improve model convergence and to facilitate interpretation of effect sizes.

The basic response variable was the mortality outcome of individual skate (alive/dead) following

the captive holding period. This motivated the use of a Bernoulli GLMM to analyze that outcome
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as a function of environmental, experimental and biological factors, and as a function of the

health indicators. The saturated model was of the form:

Yixi~Bernoulli(mjy,;) 4

E[ijl] = Tjj and Var[sz] = T (1 — ) )

logit(mjx; ) = @ + soak; + depth; + SST; + Sexjy; + TLjy; + CTj; + Injjy + Backjy, +

Gagji + a; + by; with a;~N(0,054,) and by ;~N (0, O-z?en|Haul) (6)

where Yjq is the mortality outcome for individual skate k in haul j and held in pen | which is
nested in haul j. The terms a, soak;, depth; and SST; are as described above., Sexjq ,TLju, Injju,
Backi, Gagj, and CT; are respectively the effects of sex, total length (cm), injury (Inj; €
(1,2,3)), reflex responses for the back-fly and gag tests, and captive time (hrs) for skate k in haul
j and pen I. As in the analysis of catch numbers, a; is a random effect for haul, and in addition

there was also a random effect, by;, for the pen used to contain skates from a particular haul

Forward selection based on AICc was used to select the most parsimonious model. The number
of pen holdings within hauls was used as the sample size in calculating AlICc. Pearson residuals

from the selected models were examined for overdispersion in the data and to assess model fit.

Skates held captive for mortality assessment were selected to best represent the different values
or levels of plausible mortality covariates and were not necessarily representative of the
survivorship of all skates in the experiment. An overall DM rate was therefore estimated as a
weighted average of health-dependent mortality rates (which were found to be a significant
predictor of mortality in this study, see Results) and the frequency distribution of the health
indicators in all skates captured during the experiment in hauls with soak times of 6 days or less

(e.g., Benoit et al. 2012). Following Benoit et al. (2012), this was implemented as part of a



198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

Monte Carlo simulation based on bootstrapping from which uncertainty in the overall DM rate

was estimated. Each Monte Carlo iteration, m, proceeded as follows:

i)

Individual fishing hauls, xs, were sampled with replacement from the population, F, of the 15

experimental hauls for which soak times were 6 days or less:

iid.

X, ~ F fors=1,2,..., 21.

This step contributed to characterizing among-haul variability.

For each randomly selected haul, X, individual skate, yyxs, were sampled with replacement

from the population, Oy, Of ns observed fish:
ii.d.
Yks ~ Os for k=1, 2,..., ns.
This step contributed to characterizing within-haul variability. The total number of skate in
each unique health class h out of a total of H classes for iteration m,
Npm € (Mym> Nams - Nam), Was then obtained by summing over individuals in each class

from across all random individuals and hauls.

iii) A vector of random parameter values for the GLMM, v, was drawn from a multivariate

normal distribution:

iid.

Vn ~N@.EL,)

where andf:ware respectively the estimated vector of parameters and parameter

covariance matrix for the most parsimonious GLMM. The random parameters \ , were then

inserted into eq. 7 and the inverse-logit transformation was applied to estimate health-status
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dependent DM rate, D(h)y,, for each unique health status class h. This step contributed to

characterizing uncertainty in estimated health-dependent DM from the GLMM.

v) The overall mean DM rate for iteration m was estimated as:

_ 21}3:1 Npm * D(h)m

H
h=1Mhm

D

Steps i-v were repeated 5000 times to generate a population of D,,values. The mean and the 2.5
and 97.5™ quantiles for this population were taken respectively as the average DM rate and its

associated lower and upper confidence intervals.

To complement the estimation of the average DM rate, analyses were also undertaken to
examine the effect of covariates on health indicator scores for experimental hauls for which soak
times were 6 days or less. Because injury score was the only health indicator that was found to
be a significant predictor of mortality in the GLMM analysis (see Results), the analysis was
limited to this health indicator. A cumulative logits link mixed model for multinomial data was
used as this type of model has previously been shown to be appropriate for such data (Benoit et

al. 2010). The basic form of the model is:

logit [P(1;, < V[ X, u)]=a, +X;B+U;, where uj~N(0,074,) (7
lj is the observed injury score for skate k captured in fishing haul j, v is the injury class level
from among V possible levels (three in this case), ay is an intercept specific to v, Xj is the design

matrix of covariates, p is a vector of fixed covariate parameter values and u; is the random effect
specific to haul j. P(ljk <V| Xjk,Uj) is the probability that an individual observed injury score is

less than or equal to injury class v, conditional on the covariates and the random effect. In this
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model, there are only V-1 uniquely defined probabilities because P(ly<V) must equal one,

resulting in V-1 values of a, to estimate. The intercepts, a,, increase with v since
P(l;, <V[ X, U;)also increases in v for fixed values of Xj.. We tested the effect of three

covariates that could sensibly affect injuries: sex, total length and soak time, which could be
related to injury as a result of periods of attempted escape. We did not consider covariates that
weren't expected to affect injury, such as SST. As with the previous analyses, we used a forward

section approach to model building using AlCc.
3. Results
3.1  Winter skate bycatch numbers

A total of 616 skates were captured during the experiment, 391 of which were individually
tagged and held in net pens to assess delayed mortality. No at-vessel mortality was observed at
the immediate point of capture in the sampled skates. The duration of captivity was varied such
that approximately 56% of individuals were held for around 72 hrs, 18% held for 95 hrs and for

170 hrs, and 8% for 285 hrs. The range in SST values for the study was small 19.2-23.4C°

Soak time was the only variable found to significantly affect BPUE. The relationship between
soak time and BPUE was non-linear (Fig. 4), with a predicted value of 1.6 skate per panel after 1
day of soaking, peaking at 8.2 after four days, before dropping off (Table 1). Predicted BPUE
values, however, do not differ statistically for soak times from 4 to 7 days and the exact timing of
peak BPUE is somewhat uncertain. Nonetheless, this result suggests that the drop-out rate for
dead skate begins exceeding the rate of capture some time after 4-7 days of soak time. However,
the time at which dead skate begin dropping out cannot be determined from these data. For the

purposes of the mortality analyses, we assumed that drop-out losses were minimal up to 6 days

10
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of soaking and we included a factor for soak time in the models to estimate any differences in

mortality due to soak time that may still exist.

3.2 Winter skate Discard Mortality

The most parsimonious model for DM outcome included fixed effects for captivity time and
injury class, in addition to the random effects for haul and holding pen (Table 2). The next best
model, which included the fixed effects of injury class and the back reflex, was associated with
an AICc value that was 3.3 units higher and was therefore not retained. In the preferred model,
the estimated probability of mortality evaluated after 170 hr of captivity was statistically more
robust than for 75 hrs of monitoring (i.e., the intercept; Table 2), suggesting that some delayed
mortality was expressed sometime in the intervening period. The maximum likelihood estimate
for the effect at 285 hrs of captivity was very similar in value to that at 170 hrs, indicating that
there was no additional mortality between these periods and suggesting that the DM had reached
an asymptote by 170 hrs. However, the parameter for the 285 hr category was marginally not
significantly different from that at 75 hrs of captivity, likely as a result of the smaller number of
skates held for that longest period. Given these results, we combined the 170 and 285 captive
time categories into a single one (170+ hrs) and re-fit the model. The estimate of the captive time
parameter remained significant and at a value that was very similar to the previous version of the
model (Table 2). The estimates for all other model parameters were nearly identical between the
two model versions. As would be expected, there was a monotonic relationship between the
probability of mortality and the degree of injury, with at the extremes, low mortality for
uninjured skate (4.8%) and high mortality for badly injured skate (71.5%; Fig. 5). Using the final

model, we also tested for an interaction between captive time and injury. That model resulted in

11
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a 4.0 unit increase in AICc and was therefore not retained. The effects of captive time and injury

therefore appeared to be additive.

Sex was the only variable found to affect the distribution of injury score across injury classes in
the cumulative logits link mixed modelling and its effect was highly significant (P=6.26e-5). The
next best model included effects of sex and total length and was associated with an AICc value
that was 2.6 units higher and was therefore not retained. Compared to males, female skate tended
to be less severely injured (Table 3). Nonetheless most individuals of both sexes were uninjured
and few were severely injured. Overall mean DM rates following 170+ hr of captivity were
estimated separately for males and females in the bootstrap given the sex-related differences in
injuries. The estimated discard mortality probability for females and males were 0.11 and 0.17,

respectively (Table 3).

4. Discussion

Based on the lack of at-vessel mortality and overall low (11% for females and 17% for males)
DM rates observed in the current study, skates were found to be more resilient to the rigors of
gillnetcapture and post-capture handling than previously thought (NEFMC 2003). For instance,
while DM presented herein are slightly higher than Mandelman et al., (2013) for mobile gear
(~9%), they are much lower than the assumed rate of 50% currently used in the skate
management plan (NEFMC, 2003). Furthermore, results from this study can be applied to gillnet
fisheries in other geographic areas, such as in Canadian waters, where there is a paucity of DM
information in static fishing gears for winter skate and other skate species of conservation

concern (e.g., Benoit, 2013).
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While skates were routinely captured by gillnets in this study, catch rates were a function of the
soak duration of the gear, with more than a fourfold increase in catch rates when soak times were
extended from 24 h to 4 d. However, for soaks exceeding 5-6 days, catch rates declined,
presumably ascribable to dropout and depredation losses from the gear (Uhlmann and
Broadhurst, 2015; Gilman et al., 2013) combined with possible temporary local depletion of
skates. Drop outs or removals of dead skate by scavengers confound the ability to account for
fishing-induced loss for species incidentally captured in gillnet fisheries that involve extended
soak times. Here, we estimated DM rates while attempting to minimize biases due to this
possible cryptic mortality, which is potentially important for all discard mortality studies using
fixed fishing gear. We found that DM rates for winter skate captured in this fishery are
reasonably low and therefore live releases in the fishery are likely to be successful. However,
our results suggest that other unaccounted fishing mortality, resulting from drop-outs and
depredation, could be very high, particularly for extended soak durations. Clearly there is a need
for additional research aimed at quantifying this cryptic mortality. From a management
perspective it also suggests that regulating allowable soak times is likely to be an effective way

of reducing incidental mortality.

Due to the predictable narrow ranges/gradients characteristic of this fishery, none of the
continuous covariates (e.g., size of the skate, fishing depths, temperature, etc.) measured in the
study were statistically significant predictors of mortality probability. For example, the sink
gillnet fishery is expected to have a restricted modal size-dependent selectivity for skate as a
function of a standard mesh sized, and bycatch is expected to be clustered around a small size-
range (NEFMC 2003) as was observed in this study. The monkfish fishery is also concentrated

over a somewhat narrow range of depths and occurs largely over summer months when SST
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values are high and variation is restricted relative to the annual temperature cycle. As such, no
specific direct recommendations for modifying fishing practices to enhance the success of live

release of skate from the sink gillnet fishery are inferred from the results.

Enclosures such as the net pens are often used to hold animals to estimate DM (e.g. Broadhurst
et al., 2006; Portz et al. 2006); however, unless accessible onboard a research or fishing vessel
(e.g., Knotek et al., 2015), these methods do not ordinarily allow continuous or periodic
assessment of the fate of study animals. As such, captive mortality assessments are cross-
sectional in nature, in that mortality outcomes are evaluated at a single time point when the
enclosure is retrieved. This generally precludes the ability to examine the temporal trend in
mortality as time elapses from the initial capture/handling event, and therefore typically prevents
determination of whether an asymptote in DM is reached. However, the experimental design
employed in this study, in which captivity periods were varied and randomized across other
experimental factors such as soak times, allowed for an indirect assessment of evidence for a
mortality asymptote during captivity thereby offsetting an important potential bias inherent in
cross-sectional studies (Benoit et al., 2015). Though we could not determine exactly when the
mortality asymptote was reached, we were able to infer that it occurred during the range of
captive times employed and were able to derive DM estimates at the asymptote that can be

directly used in the management of the species in US waters.
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411  Table 1. Model-based estimates of the bycatch of winter skate per unit effort (numbers per gillnet
412  panel per haul) for different gillnet soak times, with lower (LCI) and upper (UCI) 95%

413  confidence intervals and estimated p-values for differences relative to a 1-day soak. The

414  estimated variance for the haul-level random effect was o3,,; = 0.106.

Soak time  Estimate LCI UCI P-value
(days)
1 1.62 0.67 3.95 -
2 2.62 1.78 3.86 0.332
3 2.36 1.11 5.02 0.528
4 8.22 5.45 12.40 0.001
5 5.66 3.88 8.27 0.011
6 4.81 3.27 7.07 0.028
7 3.32 1.84 5.99 0.188
9 2.18 1.01 4.74 0.622
14 3.44 2.08 5.68 0.149
415
416
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417
418
419
420
421
422

423

424

Table 2. Results for the most parsimonious Bernoulli GLMM for mortality outcome as a function
of environmental, experimental and biological factors, as well as health indicators. The best
model included a random effects for haul and pen within haul, the three-level injury factor and
the three-level factor for captive time (Version 1 in the table). The effects of captive time classes
of 170 hrs and 285 hrs were of similar magnitude and the two classes were merged into a 170+

hr class for a more parsimonious model (Version 2).

Parameter Estimate SE z-value P-value
Version 1
Ohaul 0.097
OB aul 1.506
a -4.849 0.857 -5.660 1.51e-8
Inj-2 1.893 0.636 2.974 0.0029
Inj-3 3.898 0.929 4.198 2.70e-5
CT-170hr 1.879 0.914 2.057 0.0397
CT-285hr 1.834 1.071 1.713 0.0687
Version 2
Glgaul 0.109
O-I?Iaul 1.489
a -4.849 0.856 -5.661 1.5e-8
Inj-2 1.894 0.635 2.985 0.0028
Inj-3 3.905 0.911 4.285 1.83e-5
CT-170+hr 1.862 0.794 2.345 0.0190
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425  Table 3. Total number of winter skate in the experiment from hauls with soak times of 6 days or
426 less, proportion in each of the three injury classes and estimated total discard mortality
427  probability (D; with 95% confidence interval) by sex.

Males Females
N 253 195
Injury 1 0.61 0.79
Injury 2 0.33 0.19
Injury 3 0.06 0.02
D (95% CI) 0.166 0.111
(0.071, 0.300) (0.041, 0.228)
428
429
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Figure

Figure captions

Figure 1. Bathymetric map of sampling area off the coast of southern Rhode Island. Bathymetric
contours are denoted in ten meter increments. The area where commercial fishing was
concentrated varied from 35-43 m in depth.

Figure 2. Frequency distribution of gillnet soak times in the study.

Figure 3. Frequency distribution of the lengths of winter skate captured during the study,
separated into those that were held captive for mortality assessment (black) and not (white).

Figure 4. Box plots of the number of winter skate caught per gillnet panel as a function of soak
time. Note that there were no soak times of 8 days or 10-13 days, and consequently these are not
shown in the plot.

Figure 5. Estimated discard mortality probability (with 95% confidence interval) as a function of
injury class for times of captivity of 170 hrs or more.
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