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A B S T R A C T

Pot fisheries occur worldwide with a significant proportion of the gear becoming derelict. Derelict pots induce
detrimental ecological and economic impacts, and more recently were found to reduce blue crab harvests in the
Chesapeake Bay commercial fishery. We simulated the presence of derelict pots near actively fished pots in
seasonal field experiments to quantify the effect derelict pots have on blue crab harvest. Derelict pots reduced
harvests by 30% during the summer, but not during the fall. Female blue crab capture rates were consistently
lower when derelict pots were present; while capture rates of the less abundant males were not negatively
affected by derelict pots. Variable responses to derelict pots may be due to seasonal differences in female and
male blue crab behavior and movements. The costly effect that derelict pots have on harvest should be in-
vestigated in other pot fisheries to recognize the magnitude and mechanisms behind these impacts.

1. Introduction

Derelict fishing gear (DFG) is a type of marine debris that consists of
any fishing gear that is lost, abandoned, or otherwise discarded, such as
nets, pots, trawls, and longlines (Macfadyen et al., 2009; Bilkovic et al.,
2016). Several factors contribute to the presence of DFG, such as: op-
erational fishing activities; intentional abandonment; gear conflicts;
vessel-gear interactions; vandalism and theft; faulty, degraded, or failed
equipment; and storms and weather (Macfadyen et al., 2009; FAO,
2010; Bilkovic et al., 2016; Gilman et al., 2016). A steady increase in
fishing effort and improvements in the lifespan of synthetic materials
have led to an increase in abundance and persistence of DFG in the
marine environment (Macfadyen et al., 2009).

Derelict pots are a prevalent form of DFG that occur globally and are
responsible for significant ecological and economic impacts (Guillory,
1993; Macfadyen et al., 2009; Arthur et al., 2014; Bilkovic et al., 2016;
Scheld et al., 2016; Wilcox et al., 2016). Continued self-baiting con-
tributes to “ghost fishing” by derelict pots that indiscriminately capture
target and non-target animals including finfishes, water birds, turtles,
mammals, and other invertebrate species (Guillory, 1993; Havens et al.,
2011; Arthur et al., 2014). These animals may become injured, drown,
or be consumed by other organisms in the pots (Guillory, 1993;
Matsuoka et al., 2005). Bycatch mortalities by derelict pots frequently
remove individuals that would otherwise contribute to valuable re-
creational and commercial fisheries (Guillory, 1993; Bilkovic et al.,

2014). Derelict pots may also degrade sensitive habitats (e.g., sea-
grasses, marshes) by smothering plants, abrading or removing blades of
grass, and through scouring areas (Uhrin et al., 2005; Uhrin and
Schellinger, 2011; Arthur et al., 2014). Additionally, derelict pots can
be a navigation hazard for boaters and can cause costly damage to boat
propellers and engines if the buoy line wraps around the propeller
(Matsuoka et al., 2005). Attraction towards derelict pots and away from
actively fished pots can reduce harvests of target species in a pot
fishery, whether or not the target species enter derelict pots (Fig. 1;
Scheld et al., 2016).

In 2015, the US commercial blue crab Callinectes sapidus fishery
landed over 73 thousand metric tons of blue crab valued at US $220
million (NMFS, 2017). The blue crab is a shellfish of significant eco-
logical (Van Engel, 1958; Virnstein, 1977; Hines et al., 1990) and
economic importance on the Atlantic seaboard and Gulf Coast of the
United States (Kennedy et al., 2007; NMFS, 2017). Commercial and
recreational blue crab fisheries primarily utilize pots, typically
0.6 × 0.6 × 0.6 m rigid wire mesh cubes with an upper and lower
chamber (Kennedy et al., 2007). Blue crab pots can continue to fish for
two or more years after becoming derelict (Matsuoka et al., 2005;
Havens et al., 2008). Blue crab fisheries largely operate in inshore or
nearshore environments, leading to a high likelihood of vessel-gear
interactions that contribute to increased numbers of derelict pots. Im-
pacts of derelict pots, such as reducing stocks of target and non-target
species, decreasing fishery profits, and contributing to user group
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conflicts, have been well documented in US blue crab fisheries (Guillory
et al., 2001; Anderson and Alford, 2014; Bilkovic et al., 2016; Scheld
et al., 2016).

The Chesapeake Bay is the largest estuary in the US and is re-
sponsible for 30–40% of US blue crab commercial harvests valued at
over US $85 million in 2015 (NMFS, 2017). Crab pots are the pre-
dominant gear used to harvest blue crabs in both the hard and soft crab
fisheries. Following the 2008 US Department of Commerce's declaration
of a federal fishery failure in the Chesapeake Bay blue crab fishery, the
Virginia Marine Debris Location and Removal Program (2008–2012)
was developed and implemented to locate and remove DFG. The pro-
gram collected data on the abundance and distribution of derelict pots
in the Chesapeake Bay (Bilkovic et al., 2014). Subsequent data analyses
found that 12–20% of all pots licensed throughout the Chesapeake Bay
each year become derelict (approximately 145,000 derelict pots are
predicted to be present at any given time; Bilkovic et al., 2016). This
high prevalence of derelict pots may intensify negative impacts, af-
fecting fishery resources and the well-being of commercial fishers and
local communities who rely on the Chesapeake Bay.

Several past studies have identified the direct loss of biomass in the
population of target species (e.g., blue crab, Dungeness crab Cancer
magister) due to ghost fishing mortalities by derelict pots over time
(Breen, 1987; Guillory, 1993; Havens et al., 2008; Giordano et al.,
2010; Antonelis et al., 2011; Anderson and Alford, 2014; Bilkovic et al.,
2014; Voss et al., 2015). For example, bycatch mortality of blue crabs in
derelict pots is estimated at 20–26 crabs per pot per year (Guillory,
1993; Giordano et al., 2010; Bilkovic et al., 2016). However, limited
research has focused on the instantaneous effect on harvest resulting
from competition between derelict and actively fished pots. Recent
analysis evaluating the Virginia Marine Debris Location and Removal
Program and a smaller targeted removal effort the following two win-
ters (2012–2013 and 2013–2014) in Virginia found removal of 34,408
derelict pots increased harvest by 30 million pounds over the course of
the programs (Scheld et al., 2016). Derelict pots may compete with
nearby actively fished pots by attracting blue crabs away from pots that
fishers actively harvest and bait, whether for structure, shelter (Everett
and Ruiz, 1993), or foraging for food. Reduction in pot efficiency forces
fishers to invest more time, money, and resources to harvest blue crabs
in the presence of derelict pots, reducing fishery profits (Scheld et al.,
2016). The large-scale analysis of Scheld et al. (2016) used established
statistical methods to identify treatment effects in fishery harvests and
derelict pot removal data, and suggested a novel economic impact
caused by derelict pots. However, data on derelict pot removals was not

collected for this purpose and further research is needed to experi-
mentally test the effect that derelict pots have on harvest. The objec-
tives of this study were to (1) experimentally evaluate the effect that
derelict pots have on blue crab harvest in actively fished pots, which we
hypothesize to be negative, and (2) investigate environmental and
temporal factors influencing possible interaction between derelict and
actively fished pots.

2. Materials and methods

2.1. Study site

The study site was in the Mobjack Bay, Virginia, in lower
Chesapeake Bay (37°20′60.0″ N, 76°19′57.9″ W), a microtidal estuary
with a tidal range of approximately 1 m. This site is polyhaline with soft
sediment substrate and < 2 m water depth. Submerged aquatic vege-
tation (SAV) is adjacent to the entire site and the shoreline is char-
acterized by low-density residential development. Fishers regularly
crab in this area throughout the Virginia commercial blue crab season
(March–November).

2.2. Experimental design

A control group of ten actively fished crab pots without derelict pots
nearby and a treatment group of ten actively fished crab pots with two
derelict pots approximately 15 to 20 m away from each active pot (one
on either side) were deployed with help from a commercially-licensed
fisher (Fig. 2). The active pots were constructed by the commercial
fisher from galvanized wire, and the derelict pots were minimally used,
vinyl coated wire that we originally purchased as new. Actively fished
pots were regularly baited, whereas derelict pots were unbaited. Blue
crabs use chemosensory cues to detect prey up to 15 m away (Hines
et al., 2009). As our study was focused on gear competition between
active and derelict pots, we placed derelict pots in the treatment group
outside of the active pot detection radius. This reduced the likelihood
that blue crabs initially attracted to the unbaited, derelict pots would
divert to the active pots for bait (see Fig. 1). The control (active pots
only) and treatment (active pots and two derelict pots) groups were
approximately the same distance from shore and placed in similar ha-
bitats to maintain consistency across the groups throughout the study.
The groups were separated by roughly 260 m to ensure independence.
Blue crabs are mobile; therefore, independence of experimental groups
was determined by separating the two groups beyond the blue crab prey

Fig. 1. Illustration of the competition effect between
actively fished (left) and derelict (right) pots.
Commercial fishers regularly bait the active pots to
attract blue crabs, but nearby derelict pots may at-
tract crabs away from the active pots. Whether or not
the blue crab enters the derelict pot, it will be re-
moved from the commercial fisher's harvest.
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detection distance of 15 m (Hines et al., 2009) and further than the
typical distance crabbers place between pots in the Chesapeake Bay
(approx. 40 m). Within the control and treatment groups, active pots
were separated by approximately 40 m, following typical pot deploy-
ment patterns used by crabbers in Chesapeake Bay. Pots in the control
and treatment groups remained in the same physical location
throughout the experiment to reduce confounding site and treatment
effects, because site effects could change over time due to the extensive
daily movements and seasonal migration of blue crabs.

A Humminbird™ Side Scan unit was used to identify and mark with
a GPS point any unknown derelict pots in the sampling area before and
after each sampling period (as per Havens et al., 2011). Furthermore,
for the duration of the study any actively fished pots observed within
20 m of experimental pots were noted to account for additional pots
that may compete with experimental pots.

2.3. Data collection and summary

Blue crab harvest and bycatch data were collected from each ac-
tively fished pot in the control and treatment groups for 11 days during
each of the two sampling periods in 2017 (summer: August 9–24; fall:
October 11–November 4). Actively fished pots were sampled within
three days after deployment and all catch were removed and recorded.
Following standard commercial crabbing practice, all legal-size crabs
were harvested, and sublegal-size crabs were released. The 22 sampling
days resulted in 22 replicates and 110 subsamples of data collected
from the ten active pots in each experimental group (control, treat-
ment). In addition, ancillary data were collected on each sampling day
from one of the 20 derelict pots in the treatment group. The derelict pot
was randomly selected using a random number generator and subse-
quently checked (i.e., any animals present were noted, and pots were
redeployed with animals still in pot). We limited the number of times
derelict pots in the treatment group were checked to more closely si-
mulate derelict pots that would not be exposed to these disturbances.
Additional derelict pots were occasionally checked for logistical rea-
sons, such as repositioning of pots. All derelict pots in the treatment
group were sampled on the final sampling day of each season. Crab
carapace width (legal: ≥127 mm; sublegal: < 127 mm), sex (male, fe-
male), and bycatch species and abundance were recorded for each pot
sampled. Sampling days were not always consecutive throughout the

seasons due to foul weather, vessel maintenance, scheduling conflicts,
and closure of the Virginia commercial blue crab fishery on Sundays.
Between seasons, all active pots were removed from the study site while
derelict pots were disarmed and remained in the water at the study site.

We noted daily water temperatures as well as the time each pot was
checked to enable calculation of soak time (i.e., the duration of time
each pot was in the water before being sampled). Daily salinity mea-
surements were collected from NOAA's York Spit Chesapeake Bay
Interpretive Buoy System buoy. These measurements closely align with
those at nearby Mobjack Bay. Submerged aquatic vegetation cover
during 2017 near the sample site was obtained from the VIMS SAV
Program that annually maps SAV distribution in Chesapeake Bay from
multispectral digital imagery (http://web.vims.edu/bio/sav/). Water
temperature, salinity, and SAV cover were plotted and mapped to ex-
amine as possible environmental factors that may influence crab catch.

2.4. Data analyses

For each sampling event, capture rates (crabs/pot/day) were cal-
culated for individual active pots in the control and treatment groups by
dividing the count data (e.g., number of legal-size blue crabs) by the
number of days the pot was in the water. Median and mean capture
rates for legal-size, sublegal-size, and total catch were viewed across
and within seasons to detect any catch differences between active pots
in the control and treatment groups. Active pot capture rates were then
analyzed by sex for legal-size, sublegal-size, and total catch within each
experimental group after being separated by season. Shapiro-Wilk tests
were used to test for normality in the capture rates and Mann-Whitney
U tests were used to compare non-normal capture rates between the
active pots in the control and treatment groups of each season. As a
robustness check, additional Mann-Whitney U tests were used to com-
pare legal-size capture rates between experimental groups considering:
1) individual pot as a replicate for experimental groups with sampling
days as subsamples, and 2) sampling day as a replicate for each ex-
perimental group with individual pots as subsamples. In addition, by-
catch was recorded during sampling events of all pots (active and de-
relict) in the control and treatment groups. Bycatch capture rates
(individuals/pot/day) of blue crab or other species were calculated and
compared across seasons (Mann-Whitney U test).

A negative binomial generalized linear mixed model (GLMM) was

Fig. 2. Diagram of the experimental design at the study site in Mobjack Bay, Virginia.
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used to investigate the effect of derelict pot presence (control = no
derelict pots present, treatment = two derelict pots present), season
(summer, fall), and soak time (1, 2, or 3 days) on the number of legal-
size blue crabs harvested per active pot. Variation in conditions across
pot locations (e.g., position in the line of pots, nearby habitat) was
accounted for by including an individual pot identifier as a random
effect. The same model structure was used to evaluate effects on total
(legal and sublegal-size) blue crabs captured per pot. To account for
variation in sampling days (e.g., due to changes in the local environ-
ment), a second version of the GLMM was developed including sam-
pling day as a random effect instead of individual pot. The use of in-
dividual pot and sampling day as random effects in separate GLMMs
ensured results were robust to possible site effects across pot locations
and changes in local environmental conditions across days (e.g.,
changes in water temperature and salinity), respectively. All statistical
work was performed in R (R Core Team, 2018) and the glmer.nb
function in the lme4 package was used to estimate GLMMs (Bates et al.,
2015). The function bootMer, also contained in the lme4 package, was
used to perform a parametric bootstrap where the model was re-esti-
mated 1000 times (Bates et al., 2015). Bootstrap estimates were used to
calculate means, standard errors, and the significance for GLMM
parameters and predictions.

3. Results

No preexisting or newly introduced derelict pots were identified
using side-scan sonar within the study site and no additional actively
fished pots were observed within 20 m of the experimental pots.
Throughout this study, the capture rate of legal-size blue crabs was
similar across the two seasons (summer: mean ± SE = 4.13 ±
0.17 crabs/pot/day; fall: mean ± SE = 4.49 ± 0.18 crabs/pot/day;
Fig. 3). During the summer, active pots in the control group captured
significantly more legal-size and total blue crabs per pot per day than
the treatment group; however, during the fall there was no significant
difference between active pot capture rates in the control and treatment
groups (Table 1). Results from the additional Mann-Whitney U tests
were similar to Table 1 and robust in treating individual active pot
samples and sampling days as independent observations. Additionally,
the capture rates of total blue crabs in derelict pots were similar be-
tween the two seasons (U = 411, p > 0.05) and the bycatch capture
rate of other species in derelict pots was relatively low (summer:
mean ± SE = 0.04 ± 0.01 individuals/pot/day; fall: mean ±

SE = 0.24 ± 0.07 individuals/pot/day). Bycatch species consisted
predominantly of spider crab Libinia emarginata (n = 19), black sea bass
Centropristis striata (n = 6), and sheepshead Archosargus probatocephalus
(n = 5) in the derelict pots, whereas northern puffer Sphoeroides ma-
culatus (n = 10), Atlantic spadefish Chaetodipterus faber (n = 7), and
spider crab Libinia emarginata (n = 3) dominated the bycatch in the
control and treatment group active pots. There was no significant dif-
ference in the capture rate of total bycatch between the control and
treatment active pots (U = 23,537, p > 0.05).

Most of the blue crabs captured throughout the experiment were
females (76%). During both seasons, the capture rates for total females
were significantly greater in the control group than the treatment group
(Table 2). Summer capture rates for legal-size females were sig-
nificantly greater in the control group, but there was no significant
difference in sublegal-size female capture rates. Conversely, in the fall
legal-size female capture rates were similar between the active pots in
the control and treatment groups, though capture rates for sublegal-size
females were significantly greater in the control group. For the less
abundant males, patterns of capture rates between the control and
treatment varied from the females and by season. During the summer,
capture rates for male blue crabs (legal-size, sublegal-size, and total)
were similar between the control and treatment, while during the fall,
capture rates for males (legal-size, sublegal-size, and total) in the
treatment group were significantly higher than the control group.
Overall, the absolute differences in average capture rates between
control and treatment groups for females were always greater than
those for males.

During sampling events, the highest water temperature was 27.9 °C
and the lowest was 16.2 °C. The water temperature was lower during
the fall (summer: mean = 26.3 °C; fall: mean = 19.3 °C). Throughout
the seasons, the salinity measured at the study site ranged from 19.9 to
23.4 PSU. Mean salinity in the summer was 20.4 PSU, and in the fall
was 22.3 PSU. SAV cover was adjacent to and a similar distance from
the control and treatment groups in our study site (min. 105 m, max.
171 m).

Results from the negative binomial GLMM indicated that season,
treatment, and an interaction between season and treatment had sig-
nificant effects on the mean harvest in active pots. Model predictions of
mean harvest for the summer were 5.96 (SE = 0.41) crabs per pot per
day and 3.92 (SE = 0.30) crabs per pot per day for active pots in the
control and treatment group, respectively. During the fall, control and
treatment group model predictions of mean harvest were 4.68
(SE = 0.34) crabs per pot per day and 4.54 (SE = 0.34) crabs per pot
per day (mean effects derived from bootstrap resampling model output,
Table 3). Soak time did not significantly affect mean harvest (Table 3),
likely because there was little variation in this variable (82% of ob-
servations had a soak time of 1 day). Similar results were observed
when the same model was used to estimate total catch of blue crabs and
when the model was run with sampling day as the random effect.

4. Discussion and conclusions

The results from this study supported our hypothesis that the pre-
sence of derelict pots negatively impacts blue crab harvest. A significant
harvest reduction (approx. two legal-size crabs per pot per day) was
noted when derelict pots were present during summer but not fall.
However, when considering capture rates by sex and focusing on fe-
males, the dominant sex observed, female capture rates were largely
lower when derelict pots were present in both seasons. This suggests
that derelict pots were attracting blue crabs away from the nearby ac-
tively fished pots. Thus, blue crabs did not have to enter the derelict pot
but may have been simply attracted to it and away from the active pots,
resulting in reduced harvest. This is supported by the consistently low
capture rates of derelict pots. For instance, during the summer only
0.26 (SE = 0.07) legal-size blue crabs per pot per day were observed in
the derelict pots, which did not account for the magnitude of legal-size

Fig. 3. Boxplots of blue crab legal harvest rates (crabs/pot/day) for active pots
by experimental group (Control or Treatment) during each season (summer or
fall).
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blue crab loss in the active pots of the treatment group (Table 1).
Variability in the “derelict pot effect” may be a result of the seasonal

differences in blue crab behavior and movement in Chesapeake Bay
(Van Engel, 1958). For instance, the frequency of blue crab molting is
reduced at lower water temperatures (Churchill Jr., 1919; Van Engel,
1958). During molting, blue crabs seek structured habitats for refuge
from predation (Hines, 2007). A potential reduction in molting fre-
quency during colder water temperatures of the fall could have resulted
in less movement to seek refuge and fewer interactions with the derelict
pots. Another possibility for differences observed between seasons
could have been due to increased movement of blue crabs during the
mating season that occurs from early May and into October, with a peak
in late August and early September (Van Engel, 1958). Blue crab mating
movements to find a suitable mate would be limited during the fall
sampling period (October 11–November 4) and could reduce the
chance of interactions with derelict pots.

The reduced harvest effect of derelict pot presence was especially
noticeable in the harvest of female blue crabs, which was consistently
higher in control group active pots across both seasons. We expected to
capture more females than males at the study site due to female pre-
ference for higher salinities (Van Engel, 1958), but the decrease in
harvest observed in active pots when derelict pots were present would
imply that females are more likely than males to be attracted towards

derelict pots and thus not enter nearby active pots. Such behavioral
difference between sexes could explain the smaller impact of derelict
pot removals that Bilkovic et al. (2016) observed in Maryland, where
blue crab harvests are dominated by males as opposed to Virginia,
where blue crab harvests are dominated by females (Miller et al., 2011).
One possible reason for this disparity between sexes in our findings is
differences in overwintering migration movements. Females migrate to
the mouth of the Chesapeake Bay in late summer and early fall to
spawn, whereas males remain in the brackish waters year-round
(Churchill Jr., 1919; Van Engel, 1958). This migration of females
throughout the duration of our study would increase the possibility of
female interactions with derelict pots, whereas males do not participate
in such large-scale movements.

The complex movement of blue crabs within dynamic estuarine
environments makes it difficult to account for all variation that occurs
in harvests. As a dominant species in the Chesapeake Bay ecosystem,
the blue crab utilizes multiple habitats throughout its life cycle
(Churchill Jr., 1919, Van Engel, 1958). Adults spend most time in soft-
sediment environments, but have been observed in structured habitats,
such as SAV and woody debris, foraging or seeking refuge (Wolcott and
Hines, 1990; Everett and Ruiz, 1993; Bromilow and Lipcius, 2017).
Additionally, the patchiness and fine scale variability in habitats (e.g.,
SAV, oyster reefs, soft-sediment) and environmental parameters (e.g.,
salinity, temperature, dissolved oxygen, pH) in the Chesapeake Bay
influence the movement of blue crabs (Micheli and Peterson, 1999;
Stover et al., 2013; Cunningham and Darnell, 2015; Glaspie et al.,
2017). We attempted to control for this variation by focusing on a lo-
calized area during the late summer and mid to late fall that was po-
sitioned nearshore (< 2 m depth), outside of SAV habitat, and on soft-
sediment. In addition, there were 11 replicates for each pot location
during each season and a GLMM was used to control for possible site-
and time-specific influences when estimating treatment effects. None-
theless, the effect of derelict pots was found to be variable throughout
the year and by sex, possibly due to blue crab molting, mating, and
migration patterns.

Table 1
Rates of blue crabs per pot per day recorded during the different seasons and within each type of active pot (Control = active pot within control group,
Treatment = active pot within treatment group). Statistical results from Mann-Whitney U tests comparing corresponding control/treatment pot types within the
same season are represented by the U statistic and significance (⁎p < 0.05, ⁎⁎p < 0.01, ⁎⁎⁎p < 0.001).

Season Pot type Legal harvest rate Sublegal catch rate Total catch rate
Mean [SE] Median U Mean [SE] Median U Mean [SE] Median U

Summer Control (n = 110) 4.98 [0.27] 4.00 0.89 [0.09] 0.83 5.87 [0.30] 5.00
Treatment (n = 110) 3.29 [0.19] 3.00 8280.5⁎⁎⁎ 0.72 [0.08] 0.50 6585.0 4.01 [0.21] 4.00 8205.5⁎⁎⁎

Fall Control (n = 110) 4.60 [0.28] 4.00 1.35 [0.11] 1.00 5.95 [0.30] 5.50
Treatment (n = 110) 4.37 [0.23] 4.00 6166.0 1.15 [0.09] 1.00 6611.0 5.52 [0.24] 5.00 6499.5

Table 2
Rates of blue crabs per pot per day by sex recorded during the different seasons and within each experimental group (Control = active pot within control group,
Treatment = active pot within treatment group). Statistical results from Mann-Whitney U tests comparing corresponding sex control/treatment pot types within the
same season are represented by the U statistic and significance (⁎p < 0.05, ⁎⁎p < 0.01, ⁎⁎⁎p < 0.001).

Season Pot type Sex Legal harvest rate Sublegal catch rate Total catch rate

Mean [SE] Median U Mean [SE] Median U Mean [SE] Median U

Summer Control (n = 110) Male 1.01 [0.01] 1.00 0.37 [0.05] 0.00 1.37 [0.12] 1.00
Female 3.97 [0.24] 3.00 0.53 [0.08] 0.00 4.50 [0.27] 4.00

Treatment (n = 110) Male 0.91 [0.09] 1.00 6426.5 0.42 [0.07] 0.00 5959.5 1.34 [0.11] 1.00 6186.0
Female 2.38 [0.16] 2.00 8343.0⁎⁎⁎ 0.29 [0.04] 0.00 6696.5 2.67 [0.17] 2.50 8456.5⁎⁎⁎

Fall Control (n = 110) Male 0.48 [0.07] 0.00 0.53 [0.07] 0.00 1.01 [0.10] 1.00
Female 4.12 [0.26] 4.00 0.82 [0.10] 1.00 4.94 [0.28] 5.00

Treatment (n = 110) Male 0.76 [0.08] 1.00 4817.0⁎⁎ 0.70 [0.07] 1.00 5207.0⁎ 1.46 [0.10] 1.00 4460.0⁎⁎⁎

Female 3.61 [0.23] 3.00 6680.5 0.45 [0.07] 0.00 7432.5⁎⁎ 4.06 [0.24] 4.00 7086.0⁎

Table 3
Results of the negative binomial mixed model bootstrap estimates for legal-size
blue crab harvest in active pots (number of observations = 440; residual
df = 433; Significance: ⁎p < 0.05, ⁎⁎p < 0.01, ⁎⁎⁎p < 0.001).

Predictor variables Coefficient SE Sig.

Intercept 1.731 0.083 ⁎⁎⁎

Season −0.242 0.064 ⁎⁎⁎

Treatment −0.421 0.099 ⁎⁎⁎

Soak time +0.052 0.033
Season:Treatment +0.390 0.092 ⁎⁎⁎

J.A. DelBene et al. Marine Pollution Bulletin 139 (2019) 150–156

154



Derelict pots used in this study were never baited. This was a con-
servative representation of a derelict pot, as pots are regularly baited by
commercial fishers and may become derelict afterwards. The occur-
rence of self-baiting in derelict pots has been shown to double their
catch rate (Havens et al., 2008), which leads to an increased mortality
of bycatch. Because derelict pots were not baited like the actively fished
pots, blue crab detection distance and pot attractiveness would differ
between derelict and active pots. Blue crabs are voracious opportunistic
feeders, mostly consuming fishes, benthic invertebrates (including
cannibalism), and plant matter (Williams, 1974; Seitz et al., 2011). Fish
such as Atlantic menhaden Brevoortia tyrannus are often used to bait
blue crab pots due to their oily flesh. Blue crabs can use chemosensory
cues to detect prey up to 15 m away (Hines et al., 2009), which would
suggest a 15 m radius of attraction encircles each baited pot. The de-
tection perimeter of a baited pot is important to consider, especially
with the competition effect between derelict and active pots. Further
investigation into the effect of distance on the interaction between
derelict and active pots would improve our understanding of pot
competition and the relationship between derelict gear and reductions
in harvest.

Reductions in harvest due to the presence of derelict pots could be
addressed by fishery managers to improve the efficiency of the fishery
and increase profits. According to the most recent assessment in 2018,
the Chesapeake Bay blue crab stock is not depleted, and overfishing is
not occurring (Chesapeake Bay Stock Assessment Committee, 2018).
Furthermore, the exploitation fraction for female crabs was 21%, which
was less than the target of 25.5% and threshold of 34% (Chesapeake
Bay Stock Assessment Committee, 2018). Lessening the impact of de-
relict pots on active fishery harvests would reduce the amount of time
and money that commercial fishers spend to reach the current daily
harvest limits, making fishing operations more profitable. Managers
should consider the costs and benefits of mitigating harvest impacts and
economic inefficiencies during comprehensive assessments of strategies
addressing the issue of derelict pots.

The commercial blue crab fishery is one of many economically
important pot fisheries (e.g., Dungeness crab, American lobster
Homarus americanus, king crab Paralithodes camtschaticus, stone crab
Menippe mercenaria) that support coastal communities. Our results
suggest derelict pots are an uncontrolled inefficiency in the Chesapeake
Bay blue crab commercial fishery; however, similar impacts in other pot
fisheries have not been investigated. Efforts to mitigate impacts of de-
relict pots include removal programs, boater education, marine spatial
planning, biodegradable escape panels, bycatch reduction devices, in-
dividual pot identification tags, and escape vents (Guillory, 1993;
Bilkovic et al., 2016). The potential effects of derelict pots on harvest
observed in our study are primarily mitigated by removing or pre-
venting the occurrence of derelict pots. However, derelict pot removal
programs are expensive and require coordination among multiple
parties to locate, remove, and then dispose of pots, whereas preventive
actions (e.g., boater education to avoid pot buoys and lines, individual
pot identification tags, spatial gear restrictions) can be less capital in-
tensive though more politically challenging. Reduced harvests caused
by derelict pots can be addressed through management actions and
should be investigated in other pot fisheries. Globally, pot fisheries lose
millions of pots each year (Macfadyen et al., 2009) that have the po-
tential to significantly reduce harvests and increase the cost of fishing
worldwide. Future studies should examine the prevalence of derelict
pot impacts on harvests in other fisheries to better understand the
magnitude of potential economic losses caused by derelict pots.
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