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Abstract Pink shrimp (Farfantepenaeus duorarum)
are an economically important species in Biscayne
Bay, FL, and support both food and bait commer-
cial fisheries. Pink shrimp are also an important food
resource for higher trophic level finfish species. This
includes those fishes that support Florida’s iconic and
highly valued recreational flats fisheries—which have
experienced a severe decline in recent decades and
may be impacted by the pink shrimp fisheries. Despite
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their economic and ecological importance, few studies
have evaluated the long-term trends in Biscayne Bay’s
pink shrimp fisheries. In this study, we evaluated over
30 years (1987-2020) of fisheries-dependent and eco-
nomic data on the pink shrimp bait and food fisheries
in Biscayne Bay with segmented regression to iden-
tify trends and potential breakpoints. We also evaluate
trends in Biscayne Bay bonefish (Albula vulpes) over
25 years (1993-2018), based on recreational angler
interview data, and assess potential interactions with
the shrimp fisheries. We found that landings, value,
effort, and participation (number of vessels and deal-
ers) in both Biscayne Bay pink shrimp fisheries have
exhibited declines from peaks in the late 1990s. No
significant trends were detected in annual bonefish
catch or catch per unit effort (catch/trip), but fishing
effort declined over the time series. We did not find a
significant relationship between annual bonefish catch
per unit effort and commercial shrimp fishing landings
or effort, suggesting that the pink shrimp fisheries are
not a primary factor contributing to declines in the Bis-
cayne Bay bonefish fishery.

Keywords Pink shrimp - Roller frame trawl -
Wingnet - Flats fishery - Farfantepenaeus duorarum
Introduction

Pink shrimp (Farfantepenaeus duorarum) is a spe-
cies of penaeid shrimp (Family Penaeidae) commonly
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found in South Florida estuaries (Browder and Rob-
blee 2009; Santos et al. 2018; James et al. This issue).
Pink shrimp exhibit a life history pattern that includes
migrating between nearshore juvenile nursery habi-
tats and offshore adult habitats (Dall et al. 1990). This
species is a major component of both the biomass and
abundance of nearshore seagrass faunal communities
(Santos et al. 2018). Pink shrimp are also economi-
cally important and support lucrative commercial
fisheries throughout Florida (Johnson et al. 2012;
Zink 2017). Within the past decade, Florida pink
shrimp annual landings can be as high as 12.6 million
pounds and can value as high as 24.1 million USD
(Zink 2017). Pink shrimp fisheries in South Florida,
including those of Biscayne Bay and Miami’s sur-
rounding offshore waters, contribute to this regional
economic impact. Specifically, there are two commer-
cial pink shrimp fisheries in Biscayne Bay: (1) a live
bait fishery that supports recreational fishing, and (2)
a food fishery for direct human consumption.

Biscayne Bay pink shrimp fisheries constitute only
a small component of Florida’s overall pink shrimp
landings and ex-vessel value; however, both commer-
cial shrimp fisheries in Biscayne Bay represent the
Bay’s most important fishery product (Johnson et al.
2012). The pink shrimp bait fishery uses roller-frame
trawls, targeting juveniles inhabiting shallow (1-2 m)
seagrass habitats within Biscayne Bay (Berkeley et al.
1985). This fishery operates year-round to fill orders
from dealers that sell live shrimp to be used as bait
(Berkeley et al. 1985). In contrast, the food fishery
uses wingnets that target shrimp in the upper water
column, typically near channels, canals, bridges, bay
passes, and inlets as subadult shrimp emigrate to off-
shore waters (EDAW Inc. 2003; Johnson et al. 2012).
As of 2000, the food fishery is seasonal, open from
November until May (Johnson et al. 2012; https://
myfwc.com/fishing/saltwater/commercial/). The size
of pink shrimp collected between the two fisheries
varies, with shrimp in the bait fishery typically rang-
ing between 10 and 22 mm carapace length (juvenile/
subadult) and the food fishery>19 mm carapace
length (subadult/adult) (Johnson et al. 2012).

A lack of food availability was the considered third
most important factor leading to bonefish population
decline among experienced anglers, after climate
and water quality (Kroloff et al. 2019). Given the
high economic value of the recreational Florida flats
fishery ($465 million in 2012; Fedler 2013) and the
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perception of Biscayne Bay as among the most pro-
ductive flats fishing grounds (Rehage et al. 2019), it
is important to understand the catch and economic
trends of the Biscayne Bay pink shrimp fisheries rela-
tive to those of the flats fisheries to identify possible
interactions to better evaluate potential economic
tradeoffs between these fisheries.

The analysis of long-term fisheries-dependent
data has been commonly used to provide insight into
the status and sustainability of fisheries populations
(Maunder and Punt 2004; Santos et al. 2017; Ger-
vasi et al. 2021). Metrics such as catch per unit effort
(CPUE) have been used as a proxy of relative abun-
dance, providing information on long-term trends
in the population status of fisheries species (Maun-
der and Punt 2004; Gervasi et al. 2021). Fisheries-
dependent data have been used to assess the response
of recreational fish species to disturbances, identify
and understand the drivers behind the decline of fish-
eries catch, and the economic impact of recreational
fisheries (Santos et al. 2017, 2019; Gervasi et al.
2021). In addition, in combination with economic
data (e.g., total value, average price/kg, number of
dealers), these metrics can provide valuable insight
into the socioeconomic dynamics that influence fish-
ing effort across time, space, and fishery resources;
as well as the broader economic impact and value of
fisheries at the local and regional scale (Johnson et al.
2012; Brown et al. 2018).

The most comprehensive report on the two Bis-
cayne Bay pink shrimp fisheries analyzed dealer-
reported landings and effort data supplemented with
available data from previous research (Johnson et al.
2012). This study of Biscayne Bay’s pink shrimp fish-
eries only described fisheries trends up to 2005 (John-
son et al. 2012). Thus, there is a need to update this
analysis to assess the current status and trends in the
two pink shrimp fisheries, considering human popula-
tion growth and changing demands on food resources,
economic shocks, coastal landscape transformation,
and extreme climate events that have occurred over
the last 15 years (Carey et al. 2011; Santos et al. 2020;
Wachnicka et al. 2020). Pink shrimp densities in Bis-
cayne Bay are influenced mainly by salinity, tempera-
ture, water depth, and submerged aquatic vegetation
cover (SAV; dominated by seagrass species in Bis-
cayne Bay; Zink et al. 2018). Since 2005, these envi-
ronmental variables in Biscayne Bay have experienced
dynamic changes that could influence the abundance
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of pink shrimp populations, and subsequently, the
pink shrimp fisheries within Biscayne Bay (Santos
et al. 2018, 2020). For instance, changes in water qual-
ity, invasive and harmful algal blooms, and Hurricane
Irma have led to spatially heterogeneous changes in
the environmental conditions and SAV cover through-
out Biscayne Bay (Carey et al. 2011; Millette et al.
2019; Santos et al. 2020; Wachnicka et al. 2020). In
addition, US reliance on farmed and imported shrimp
has increased over the last decade with the potential
to influence local US shrimp fisheries (Asche et al.
2012), potentially including the demand and the eco-
nomic incentives that drive food shrimp fishing efforts
and participation in Biscayne Bay.

Pink shrimp serve as an important prey species for
upper trophic level consumers such as bonefish Albula
vulpes (Crabtree et al. 1998), a key target of the iconic
high-value recreational Florida flats fishery (Adams
and Cooke 2015). While these flats fisheries species
are considered data-deficient (Adams et al. 2014,
2019), available data suggests that their populations
have experienced a severe decline since the 1980s in
Biscayne Bay (Santos et al. 2019) and more broadly
throughout Florida (Santos et al. 2017, 2019; Kroloff
et al. 2019; Rehage et al. 2019), although recent data
points to a recovery in the population (Boucek et al.
2022). Fisheries that target benthic invertebrates and
other lower trophic level consumers, such as the Bis-
cayne Bay pink shrimp fisheries, can have substan-
tial effects on ecosystems and their ability to support
higher trophic level finfish (Smith et al. 2011; Eddy
et al. 2017). Reduced food availability to these finfish
species, as a result of pink shrimp fishing or associ-
ated bycatch, could be an important contributing fac-
tor to the recent declines in the bonefish fishery.

Penaeid shrimp were found to compose 7.7% of
bonefish prey species by weight and were found in
23.4% of samples based on gut content analysis of
bonefish in South Florida conducted by Crabtree et al.
(1998). Additionally, species commonly caught as
bycatch in the Biscayne Bay commercial shrimp fisher-
ies are known to be important prey items for bonefish.
Crabtree et al. (1998) found that Gulf toadfish (Opsanus
beta) and portunid crabs composed 17.2% and 10.9%
of bonefish prey species by weight, respectively. Gulf
toadfish were the second most common bycatch species
based on a fisheries independent roller-frame survey
conducted in Biscayne Bay, with 43 caught per 1000
shrimp (Ault et al. 2001). Berkley et al. (1985) identified

blue crab (Callinectes sapidus) as a common bycatch
species in the Biscayne Bay shrimp fishery, with an
estimated annual catch of 69,788; or 2 for every 1000
pink shrimp landed (as standardized by James et al. This
issue). Although not evaluated as bycatch by Ault et al.
(2001) and Berkley et al. (1985); xanthid crabs were
found to compose 29.9% of bonefish prey (Crabtree
et al. 1998), and, like other benthic decapods, are likely
to be negatively impacted by roller frame fishing.

Considering that Biscayne Bay pink shrimp repre-
sents the Bay’s most important commercial fisheries,
with a potential to interact with one of the most impor-
tant recreational flats fishery species, the primary goal
of this study was to assess the status of Biscayne Bay
pink shrimp fisheries by analyzing temporal trends in
fisheries-dependent data. Secondarily, we examined the
potential for interactions with the bonefish flats fishery
in Biscayne Bay. We reviewed the long-term trends
(>30 years) of fisheries-dependent catch metrics to
quantify changes in pink shrimp landings, fishing effort
and participation (Objective 1), and economic value
indicators to assess the economic impact of the pink
shrimp fisheries in Biscayne Bay (Objective 2). The
assessment of pink shrimp catch and economic value
trends were used to characterize the evolution of the
regional importance of both the bait and food fisheries
and provide insight on the current status of pink shrimp
fisheries in Biscayne Bay, both valuable information
to stakeholders concerned about the sustainability of
fisheries in South Florida. We then evaluate long-term
(25 years) temporal trends in the Biscayne Bay rec-
reational bonefish fishery based on recreational angler
interview creel census data and tested for interactions
with the commercial bait and food pink shrimp fisher-
ies (Objective 3).

Methods
Data gathering and processing

We reviewed the long-term trends (>30 years) of
the commercial bait and food pink shrimp fishery
catch and their economic value based on fishery-
dependent time series. The landings, number of
trips, and participation and economic value data
were obtained from the Florida Fish and Wildlife
Conservation Commission (FWC; myfwc.com)
for all coastal waters on the Florida Atlantic Coast
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between 25° and 26° N latitude (Fig. 1), hereafter
referred to as the Miami area. The fishery-depend-
ent data for the bait shrimp fishery and food shrimp
fishery ranged from 1987-2020 to 1989-2020,
respectively. We used annual sums of total land-
ings (kg), number of trips (effort), and mean CPUE
(kg/trips) to assess the long-term dynamics of pink
shrimp catch in Biscayne Bay. In addition, to quan-
tify the relative importance of Biscayne Bay pink
shrimp fisheries at the state level, total annual land-
ings for the State of Florida (including pink shrimp
landings in federal waters sold in Florida) were also

Fig. 1 Map of Biscayne
Bay and surrounding waters
with pink shrimp spatial
fishing regions indicated,
collectively referred to as
Miami area. Areas within
the boundaries of Biscayne
Bay National Park (BNP)
are indicated

obtained and evaluated relative to total State’s land-
ings. Direct data requests were made to FWC for
spatially explicit annual pink shrimp bait and food
fisheries landings data, which were available for
2003 to 2020 (see Fig. 1 for spatial regions) to eval-
uate the spatial distribution of landings in recent
years.

The economic value of the pink shrimp fisher-
ies was evaluated with three indicators: total esti-
mated value of landings (2020 USD value of total
kg landed), shrimp price (2020 USD/kg), and the
total number of vessels and dealers (i.e., a business
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or person who purchases or receives a federally man-
aged species for the purpose of selling) participating
in each fishery. Similar to the catch data, the total esti-
mated value and price data for the pink shrimp bait
and food fishery were available for 1987-2020 and
1989-2020, respectively. These two indicators were
used to assess the economic impact and sustainabil-
ity of both fisheries. We were also provided with the
number of unique commercial vessels reporting land-
ings per year for the pink shrimp bait and food fishery
for 2003-2020 and 2000-2020, respectively, as well
as the number of pink shrimp bait and food fishery
dealers for 1987-2020 and 1989-2020, respectively.
While the number of vessels and dealers can be used
as indicators of fishing effort, in this study, we used
them as an indicator of the personal/fishermen and
commercial investment in the fisheries and instead
use the number of fishing trips as effort.

Angler interview-based Biscayne Bay National
Park (BNP) creel census data for the recreational
bonefish fishery between 1993 and 2018 was used to
assess temporal trends and potential interactions with
the shrimp fisheries. This dataset was provided by the
BNP and is based on voluntary interviews of recrea-
tional anglers in Biscayne Bay National Park, angler
interviews in this database include trips that fished
both within Biscayne Bay and surrounding waters
(see Harper et al. 2000 for a detailed map). This fish-
eries-dependent dataset was collected and organized
using the standardized method outlined in Davis and
Thue (1979). The dataset was aggregated to include
the annual number of angler interviews, representing
fishing trips that indicated bonefish were targeted or
landed, the number of trips reporting bonefish catch,
and the number of bonefish caught. CPUE was calcu-
lated as the annual mean number of bonefish caught
per trip. Trips that reported bonefish catch but did not
indicate them as a target species represented 2% of
the effort over the time series, and were included in
the calculation of CPUE.

Statistical analyses

We performed analyses to quantify the overall trends
of catch and economic value indicators as well as
to identify major changes to the trends. To accom-
plish this, segmented regression was used to ana-
lyze trends in pink shrimp bait and food fisheries

data and to identify significant changes in the slope
in the time series based on the occurrence of break-
points (i.e., change in trends). This type of analysis
allows for assessing potential temporal thresholds in
the data that simple linear regressions cannot capture.
The segmented regressions were performed using the
R package segmented (Muggeo 2003, 2008). If no
breakpoints in the time series were detected, or if the
breakpoint model was not significant (o> 0.05), lin-
ear regression was used to analyze the overall trend.
Pink shrimp landings data were converted from lbs
to kg, and all economic fisheries data were adjusted
for inflation to 2020 U.S. dollars prior to analysis
based on mean annual Consumer Price Index values
obtained from the Bureau of Labor Statistics (Www.
bls.gov/cpi). It should be noted that vessels reporting
landings in the bait shrimp fishery may also report
landings in the food fishery, and vice versa, within a
given year.

Temporal trends in annual bonefish catch, effort
(trips), and CPUE were evaluated using methods
described for the shrimp fisheries above. Potential
interactions between the bonefish recreational fish-
ery and the pink shrimp commercial fisheries were
evaluated with regressions relating annual bonefish
CPUE to pink shrimp food and bait fishery landings
and effort number of trips; with a significant relation-
ship (with a negative regression coefficient) consid-
ered indicative of a harmful impact of the commer-
cial shrimp fisheries on bonefish populations. The
relationship between bonefish CPUE and food/bait
shrimp fishery CPUE was evaluated to identify any
potential relationship between bonefish and shrimp
populations. Statistical analysis was conducted with
R version 4.1 (R Core Team 2021). Data analyzed for
this manuscript are available in the supplementary
information (Table S1, S2, S3).

Results
Pink shrimp landings

Landings for the pink shrimp bait fishery exhibited less
temporal variability than the pink shrimp food fish-
ery (Fig. 2a). Biscayne Bay’s pink shrimp bait fishery
annual landings averaged 109,187 kg/year and ranged
from 48,837 to 177,766 kg/year (Table S1). Landings
exhibited an increasing trend between 1987 and 1998
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at a rate of 9877 kg per year, after which landings
decreased at a rate of 3988 kg/yr per year until 2020
(Fig. 3a, Table 1). The Biscayne Bay pink shrimp food
fishery annual landings averaged 129,284 kg/year and
ranged from 3053 to 460,131, with a trend of increasing
landings between 1989 and 1998 at a rate of 28,799 kg/

year, after which landings were variable and did not
change significantly between 1998 and 2020 (Fig. 3b).
Over the past 3 years (2018-2020), the bait fishery
averaged 60,922.5 kg/year while the food fishery aver-
aged 42,196.6 kg/year, which was in the lower end of
the fisheries range over the time series (Table S1, S2).
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Pink shrimp effort

The overall effort was much higher for the pink shrimp
bait fishery than the pink shrimp food fishery (Fig. 2b).
The Miami area pink shrimp bait fishery’s annual effort
(fishing trips per year) averaged 2919.2 trips and ranged
from 1226 to 5965 trips. Between 1987 and 1999, bait
fishery effort increased at a rate of 349 annual trips/
year. After 1999 the annual effort witnessed a decline
at a rate of 194 trips/year (Fig. 3c, Table 1). The annual
effort of the pink shrimp food fishery averaged 55 trips/
year, and ranged from 13 to 1282 trips/year. Between
1989 to 1998, Miami’s food fishery efforts increased at
a rate of 132 trips/year, after 1998 the annual effort saw
a decline at a rate of 40 trips/year until 2020 (Fig. 3d).
From 2018 to 2020, effort was low for both fisheries
with an average of 1566 trips for the bait fishery and
104 trips for the food fishery (Table S1, S2).

Pink shrimp catch per unit effort

The catch per unit effort (CPUE) was much lower
for the pink shrimp bait fishery than the pink shrimp
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Table 1 Summary of

the most recent trends in
fisheries metrics and the
year of the most recent
trend change as determined
by breakpoint analysis for
the commercial bait and
food pink shrimp fisheries
and the recreational
bonefish fishery in Biscayne
Bay and surrounding
waters. A lack of breakpoint
in fisheries metric trends
over the relevant time series
is indicated with N/A

Fishery Fisheries metric Most recent trend Year of last
breakpoint
Bait shrimp
Landings Decreasing 1998
Effort Decreasing 1999
CPUE Decreasing 2017
% of state landings Decreasing 1997
Price Decreasing 1994
Fishery Value Decreasing N/A
Vessel # Decreasing N/A
Dealer # Decreasing 1995
Food shrimp
Landings Decreasing 1998
Effort Decreasing 1998
CPUE Increasing N/A
% of state landings Decreasing 2010
Price Stable 1996
Fishery Value Decreasing 1998
Vessel # Decreasing 2012
Dealer # Stable 2011
Bonefish
Landings Stable N/A
Effort Decreasing N/A
CPUE Stable N/A

more substantial. The Biscayne Bay bait fishery
comprised 14.0% of Florida’s total landings on aver-
age and ranged from 5.2 to 21.0% of the state’s bait
landings over the time series, 1987-2020. Between
1987 and 1997, the proportion of Florida’s total land-
ings originating from the Miami area had an increas-
ing trend at a rate of 1.0 pp (percentage point) of the
state total per year, after 1997 the proportion of State
landings originating from the Miami area decreased
at a rate of 0.4 pp of the state total per year until 2020
(Fig. S1a, Table 1). The Miami area pink shrimp food
fishery compromised 3.0% of Florida’s total state
landings on average and ranged from 0.1 to 11.4%
of the state’s food landings over the time series.
Between 1989 and 2010, the proportion of Florida’s
total landings for shrimp consumption originating
from the Miami area had an increasing trend at a rate
of 0.7 pp of the state total per year, after 2010 the pro-
portion of the state’s landings originating from the
Miami area decreased by 0.6 pp of the state total per
year (Fig. S1b).

@ Springer

Spatial distribution of landings from 2003 to 2020

The majority of bait shrimp were caught within
the Biscayne Bay proper—Biscayne Bay National
Park (BNP) and North Biscayne Bay (Fig. 1)—with
72.2% of landings within the Bay, 14.1% occur-
ring in Card and Barnes Sound, and 13.6% occur-
ring in state or federal waters between 2003 to 2020
(Fig. 4a, Fig. S2a). Within Biscayne Bay, most
bait shrimp landings originated from BNP—con-
tributing 49.1% of total landings, and secondarily
from North Biscayne Bay—contributing 23.1% of
the total landings (Fig. 4a, Fig. S2a). In contrast,
the majority of food shrimp were landed from
nearshore state waters (72.0% on average), with the
largest contribution of landings from being captured
in nearshore state waters outside of BNP (72.2%;
Fig. 4b, Fig. S2b). This pattern of high nearshore
food shrimp landings was prevalent except for a
handful of years at the start and end of the time
series. Between 2003-2005 and 2019-2020, the
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majority of food landings (84.7% on average)
occurred within Biscayne Bay; these years were
characterized by relatively low annual total land-
ings (between 1781 (0.6% of peak landings) and
155,883 kg (41% of peak landings; Fig. 4). Outside
of these 5 years, state water landings comprised
80.2% of total food fishery landings.

Participation and economic value indicators

Overall, the average price (in inflation adjusted 2020
USD/kg) was higher for the pink shrimp bait fishery
than the pink shrimp food fishery (Fig. 5a). The aver-
age price of the Miami area commercial pink shrimp
bait fishery was 12.63 USD/kg, and ranged from 7.36
to 28.97 USD/kg. Between 1986 and 1994, Miami’s
bait shrimp fishery rapidly decreased in price at a rate
of 0.75 USD/kg per year. After 1994, the price per
kilogram of the bait fishery slowly declined with an
adjusted rate of 0.06 USD per year (Fig. 6a, Table 1).
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The average price of the Miami area commercial pink
shrimp food fishery was 4.25 USD/kg and ranged
from 2.26 to 11.18 USD/kg. Between 1989 and 1996,
Miami’s food shrimp fishery rapidly decreased in
price per kilogram at a rate of 1.28 USD/kg per year.
After 1996, the price per kg did not change signifi-
cantly (Fig. 6b).

The total estimated annual value (landingsXmean
2020 USD/kg) of the Miami area pink shrimp bait fish-
ery was higher than the pink shrimp food fishery for
every year in the time series (Fig. 5b). The pink shrimp
bait fishery’s estimated value adjusted for inflation aver-
aged 1,313,600 USD per year, and ranged from 444,500
to 2,294,200 USD per year. A significant breakpoint
was detected in 2002; however, the resulting segmented
regression model was not significant, and a linear regres-
sion model was used to evaluate the overall trend. The
total inflation-adjusted value of the bait shrimp fishery
declined at a rate of 17,100 USD per year between 1987
and 2020 (Fig. 7a). The total estimated annual value of
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the Miami area pink shrimp food fishery adjusted for
inflation averaged 439,428 USD per year and ranged
from 10,299 to 1,306,668 USD per year. Between 1989
and 1998, Miami’s food fishery increased in value at a
rate of 99,200 USD per year. After 1998 Miami’s pink
shrimp food fishery value declined at a rate of 31,100
USD per year until 2020 (Fig. 7b).
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Data for vessels was available beginning in 2003
and 2000 for the bait and food fisheries, respectively.
The number of vessels in the pink shrimp bait fish-
ery was less variable than for the pink shrimp food
fishery. The number of vessels reporting pink shrimp
bait fishery landings in the Miami area per year was
33 on average and ranged from 21 to 44 (Table S1).
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No significant breakpoint was found in the number
of vessels reporting bait shrimp. Effort declined by
0.7 vessels per year between 2000 and 2020 (Fig. 8a,
Table 1). The annual number of vessels reporting
pink shrimp food fishery landings in the Miami area
per year was 59 on average and ranged from 1 to
137 (Table S2). Between 2000 and 2012, the state’s
food fishery increased the number of vessels at a rate

of 4.2/year. After 2012, the number of food fishery
vessels found in the Miami area declined at a rate of
10.5/year (Fig. 8b).

The number of reported dealers in the bait fish-
ery was less variable over the time series compared
to the food fishery (Fig. 5c¢). The annual number of
reported dealers purchasing from Miami’s bait fishery
averaged 14 and ranged from 3 to 23. Between 1986

@ Springer



Environ Biol Fish

IS
@

a Slope = -0.7 (-1.3; -0.1) R?2 = 0.23
1] —
@ 404 P = 0.025
0
3
> 35-
2
2
@ 304
[
=
© 254
[11]
IR © ® & O N O O WX o 2 O
Q Q’ Q Q Q \) Q N N N N N’ N N N N N G
D S S DS S S SIS SR S S SR SO, SO, SO, SR S
b Slope1=4.2(0.2; 8.2) 1 Slope 2 = -10.5 (-18.8; -2.2)
[} I
1 =
. A5
> /./Y\ = 0.
E / 1 \
ﬁ // | \
- - 1
('8 50 — 1 v
-] 1
o 1
o b \
w 1
o . -~
e X o QA 9 QO N O X A N
N\ Q Q Q Q Q \) Q Q Q N N N N N N N N N N G
DS S S S S S S S S S S S S S SO S S S S S
Year

Fig. 8 Number of vessels reporting commercial pink shrimp
bait (a) and food (b) fisheries landings from the Miami area
annually (gray), with segmented regression, or regression,
results (black) and significant breakpoints indicated with ver-
tical dashed lines. Overall model P-value and coefficient of
determination (R?) are annotated, and regression coefficients of

to 1995, the number of bait fishery dealers increased
at a rate of 2.5 dealers/year. After 1995, the number
of pink shrimp bait fishery dealers began to decline
at a rate of 0.4 dealers/year (Fig. 9a). The number of
reported dealers purchasing from Miami’s food fish-
ery per year averaged 20, and ranged from 2 to 44
dealers. Between 1989 and 1996, the number of food
fishery dealers increased at a rate of 4.8 dealers/year.
After 1996 the number of pink shrimp food fishery
dealers began to decline at a rate of 2.1 dealers per
year until 2011. The number of dealers did not change
significantly between 2011 and 2020 (Fig. 9b).

Bonefish recreational fishery analysis

Based on recreational angler interviews between 1993
and 2018, the total number of bonefish reported caught
was 321. Annual reported bonefish catch ranged from
0 in 2014 and 2018 to 54 in 2003 (Table S3). No sig-
nificant relationship was found between annual bone-
fish catch and year (Fig. 10a, Table 1). A total of 655
trips targeting bonefish were reported by anglers over
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intervals (lower; upper). 95% confidence intervals that do not
include O indicate significant change across the period. The
same vessel may report landings in both bait and food pink
shrimp fisheries within a year

the time series, with the annual recreational bonefish-
ing effort ranging from 1 trip in 2018 to 85 trips in
2002. A significant decline in bonefishing effort was
found over time, decreasing at a rate of 1.17 trips/year
between 1993 and 2018 (Fig. 10b). Bonefish CPUE
ranged from O in 2014 and 2018 to 1.29 in 2011. No
significant relationship was found between bonefish
CPUE and year (Fig. 10c). There were no breakpoints
detected in the time series of bonefish catch, effort, or
CPUE. There was no significant relationship found
between annual bonefish CPUE and pink shrimp bait
fishery landings (Fig. 11a), effort (Fig. 11b), or CPUE
(Fig. 11c¢). Likewise, there were no significant relation-
ships detected between annual bonefish CPUE and
pink shrimp food fishery landings, effort, or CPUE
(Fig. S3a, b, c; P>0.05).

Discussion

Pink shrimp fisheries represent the most important
commercial fisheries in the in Biscayne Bay and the
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surrounding waters. Considering the human demog-
raphy and environmental changes experienced in
Biscayne Bay over the last decade, we designed
this study to assess the status of Biscayne Bay pink
shrimp fisheries by analyzing the temporal trends in
fisheries-dependent data, especially since 2005. Both
the pink shrimp bait and food fisheries in Biscayne

Bay displayed dynamic changes throughout this study
(1986-2020). In general, the pink shrimp food fisher-
ies showed generally higher and more variably yearly
landings than the bait fishery. Instead, the bait fish-
ery exhibited higher effort, and lower CPUE than
the food fishery. Still, due to a higher average price/
kg throughout the time series, the bait fishery had a
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higher total estimated value than the food fishery for
every year of comparison (1989 to 2020). The num-
ber of food shrimp dealers was initially greater than
bait shrimp dealers between 1989 and 2006; however,
after 2006 the number of bait dealers was greater
than food shrimp dealers in the Miami area. The pink
shrimp food fishery generally involved more vessels
throughout the time frame of comparison, with the
exception of 2019 and 2020, where a sharp decrease
in vessels reporting food shrimp landings occurred.
Over the full-time series, the food fishery experienced
the largest decline across the catch and economic
value indicators. While not considered in the present
assessment of Biscayne Bay pink shrimp commercial
fisheries trends, substantial recreational food shrimp
fishing occurs as evidenced by the numerous lights
observed shrimping in the vicinity of Bear Cut (John-
son et al. 2012; I. Zink Pers. Obs.). Presently, no data
is collected on these landings, efforts, or other charac-
teristics of recreational shrimpers.

Nearly all fisheries and economic metrics evalu-
ated for both the food and bait shrimp fisheries in
Biscayne Bay are currently in decline, reflecting a
general decrease in the importance of their impacts
on the economy and ecosystem. The only metrics
that were not found to currently be in decline for both
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fisheries were the food shrimp price/kg, dealer num-
ber, and CPUE. For several metrics, the last 2 years
represented the lowest values of the time series. The
food shrimp fishery exhibited a particularly marked
decrease in participation, with only 1 vessel reporting
landings in 2019 and 3 vessels in 2020 compared to
the average of 59 vessels reporting landings per year
over the time series. The total value of the food fish-
ery over these 2 years combined (73,230 2020 USD)
was the lowest of any 2-year period in the time series,
with 3 or fewer dealers purchasing shrimp per year.
While vessel participation remained active in the bait
shrimp fishery in 2019 and 2020 (32 and 29 vessels,
respectively), the total combined value (941,454 2020
USD) and landings (109,980 kg) over years were the
lowest of any 2-year period of the time series. These
most current values indicate the bait shrimp fishery,
though in decline, remains active in Biscayne Bay,
while the food shrimp fishery is currently in a state of
near abandonment.

Trends in CPUE in shrimp fisheries
Catch per unit effort (CPUE) from fisheries depend-

ent data is often used as a proxy for the relative abun-
dance of the target species, but there is not always a
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relationship between CPUE and abundance (Richards
and Schnute 1986; Haggarty and King 2006). John-
son et al. (2012) reported a significant correlation
between CPUE in the Biscayne Bay bait fishery from
2002 to 2005 and fisheries independent data on pink
shrimp density, supporting the efficacy of fisheries
dependent CPUE as a proxy of population size. Nev-
ertheless, it is essential to consider statistical stand-
ardization procedures to account for potential biases
related to fishing dynamics and angler behavior,
which may cause a CPUE deviation from real abun-
dance estimates of the targeted populations (Maun-
der and Punt 2004; Santos et al. 2017; Gervasi et al.
2021).

Our results showed a decrease in CPUE follow-
ing 2017 for the bait fishery. Declines in the CPUE
could be related to declines in abundance as the result
of disturbances in Biscayne Bay, such as Hurricane
Irma (2017), decreasing water quality, or changes in
recruitment dynamics outside of Biscayne Bay (Carey
et al. 2011; Zink et al. 2018; Santos et al. 2020;
Wachnicka et al. 2020). These declines are likely not
related to fishing pressure because effort and land-
ings for the bait fishery had been declining for nearly
20 years at the time of the decline in CPUE. Deci-
phering this trend may also be complicated as bait
shrimpers operate on a per-order basis (Ault et al.
1997; Johnson et al. 2012); the lower CPUE (kg/trip)
may also reflect declining market demand for shrimp.
Although not associated with significant breakpoints,
landings and effort in the 3 years following Hurricane
Irma (2018-2020) have been among the lowest values
in the time series for both shrimp fisheries.

In the pink shrimp food fishery, there is a dis-
connect between the effort and the landings. At the
beginning of the time series, both landings and effort
increased together, but after 1998, the landings dis-
played a non-significant trend, while the effort has
continually decreased. Unlike the bait fishery, the
food fishery is only open from November to May,
and the majority of landings are in nearshore waters
outside of Biscayne Bay. Based on the life cycle of
pink shrimp in Biscayne Bay, the peak of pink shrimp
subadult emigration to offshore waters coincides with
the seasonal opening of the food fishery (Berkeley
et al. 1985; Criales et al. 2000). Food fishermen tar-
get shrimp emigrating from Biscayne Bay at bridges,
channels, and canals which aggregate large densities
as they emigrate from the Bay and increase catch but

are not a preferred habitat of pink shrimp (EDAW Inc.
2003; Johnson et al. 2012; James et al. This issue).
Other studies had found a disconnect between CPUE
and abundance when the fishery was not operating
in the preferred habitat of the target species (Hag-
garty and King 2006). The increase in CPUE over
the study period could also be related to shifts in the
phenology of pink shrimp (i.e., changes in the tim-
ing of emigration or timing of peak recruitment and
subsequent development) and/or related to changes in
environmental conditions over time (Visser and Both
2005). Additionally, improvements in the gear of the
food fishery or behavioral changes of fishermen could
contribute to the increase in CPUE trends (Maunder
and Punt 2004). Since 2012, there has been a decline
in the number of vessels in the food fishery (Fig. 8b).
This decline could result from vessels with less suc-
cessful yields exiting the fishery and leaving the catch
to more experienced and conditioned vessels, fishing
effort dynamics that can lead to increases in CPUE.

Spatial concentration of pink shrimp fisheries in
Biscayne Bay and adjacent nearshore waters

As expected, the two fisheries were spatially distinct.
Landings in the pink shrimp bait fishery are concen-
trated within the Bay, and this observation confirms
previous studies that have documented that the major-
ity of effort of the pink shrimp bait fishery, which
targets smaller shrimp, occurs within Biscayne Bay
(Berkeley et al. 1985; Ault et al. 1997; Johnson et al.
2012). This reflects the behavior and habitat associa-
tions exhibited by the differing ontogenetic stages/
sizes targeted by each fishery: the bait fishery tar-
gets juveniles residing in seagrass nursery habitats,
which occur within the Bay, while the food fish-
ery targets subadults emigrating from Biscayne Bay
(Crabtree et al. 1998; Hammerschlag et al. 2010).
Between 2003 and 2020, the second highest landings
(behind Biscayne National Park) for the bait fishery
occurred in North Biscayne Bay, but in recent years
(around 2015-2016) the proportion of the landings
from North Biscayne Bay has decreased, with a cor-
responding increase in landings from nearshore state
waters outside of Biscayne Bay. One hypothesis for
this decrease of landings in this region could be that
poor water quality in recent years within the north-
ern region of Biscayne Bay could be creating poor
habitat conditions for pink shrimp leading to lower
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abundances in this region of Biscayne Bay (e.g.,
eutrophication, seagrass habitat loss, hypoxia events,
and high freshwater discharges; Millette et al. 2019;
DERM 2021); indeed, substantial losses of seagrasses
have been observed since 2016 in parts of North Bis-
cayne Bay. Further investigation is needed to under-
stand this spatial shift because it could have conse-
quences on the sustainability of the fishery.

The majority of landings in the pink shrimp food
fishery were retained from the nearshore in state
waters, which coincides with previous studies char-
acterizing that the bait and food fisheries as spatially
distinct (EDAW Inc. 2003; Johnson et al. 2012). In
certain years (2003-2005, 2019-2020), the majority
of landings occurred from regions within Biscayne
Bay, and these years corresponded with years with
low total annual landings, with three (2003, 2019,
and 2020) being some of the lowest landings over the
time series. Because years with high landings focus
on nearshore waters outside of Biscayne Bay, yearly
conditions may be forcing fishermen to focus efforts
within the Bay. These factors are likely related to a
decrease in the abundance of migrating shrimp dur-
ing the food fishery season, but factors affecting
the ability to operate (e.g., weather conditions, gas
prices) could also factor into shifts in the location of
landings.

Shifts in shrimp fishing effort and economic value

Both pink shrimp fisheries in Biscayne Bay have
decreased effort since a peak in the late 1990s, and
economics are likely playing a role in the patterns
observed. This observation is most apparent in the
food fishery and is likely related to the decline in the
average annual price/kg. The average annual price/
kg declined from the beginning of the study period
until 1997 when the price stabilized. The following
year (1998), the trend of increasing effort ended, and
effort within the food fishery in Biscayne Bay began
a period of decline that persisted throughout the rest
of the study period. The bait fishery had a similar
pattern in the average annual price/kg, but the price
stabilization happened earlier in 1995. Like the food
fishery, the bait fishery time series exhibited an initial
increase in effort until 1999, and the effort has had
a decreasing trend since that date. There is a lag of
4 years between the stabilization of the lower annual
price/kg in the bait fishery and a decline in effort
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that is not found in the food fishery. The difference
in demand/needs between the two fisheries could be
leading to the immediate or lagged response in effort
to the annual price/kg seen between the two fisheries.
In the food fishery, the highest percentage Bis-
cayne Bay contributed to state landings was 11.4% in
2010 and was the only year in which the percentage
was greater than 10%. Since this peak the percentage
of state total has rapidly decreased, and less than 0.5%
of state landings were from Biscayne Bay in 2019 and
2020, indicating that the Biscayne Bay food fishery in
its current state is of very low economic importance
regionally. The bait fishery in Biscayne Bay is more
important to the total Florida pink shrimp bait land-
ings, contributing to as much as 21%. However, Bis-
cayne Bay landings contributions are in decline, with
2020 representing the lowest contribution to pink
shrimp bait landings in the entire timeseries at 5.2%.

Trends in the recreational bonfish fishery and
potential interactions with shrimp fisheries

The use of CPUE as an estimate of relative abundance
of recreational fisheries species on recreational angler
creel interview data has been established in South
Florida fisheries (Harper et al. 2000; Cass-Calay and
Schmidt, 2009). Harper et al. (2000) found that BNP
creel census CPUE (landings per trip) data were simi-
lar to CPUE data (abundance per sample) obtained
from fisheries independent visual surveys conducted
by the Southeast Fisheries Science Center between
1988 and 1991 for the top 10 most targeted species,
indicating that the BNP creel surveys are an effective
means of evaluating population trends. Biases that
may influence creel survey fisheries data include the
lack of interviews conducted at night and the lack of
coverage of anglers that utilize private docks.

Based on an analysis of professional guide log-
books Santos et al. (2019) found recreational flats
fisheries populations have been in decline in Biscayne
Bay. Although the exact mechanism for this decline
is not known, it has been hypothesized that the Bis-
cayne Bay pink shrimp fisheries may have contrib-
uted due to associated declines in food availability
(Kroloff et al. 2019). Both pink shrimp fisheries tar-
get and remove an important prey item for bonefish,
and while the information on the bycatch of the food
fishery is virtually nonexistent, it has been established
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that other important prey species for bonefish and
other flats fishery species are caught as bycatch by
bait fishery roller-frame trawl gear and removed from
Biscayne Bay (Berkeley et al. 1985; Ault et al. 2001;
Stallings et al. 2014). However, the amount of pink
shrimp removed by the bait fishery is believed to be
a relatively small proportion of the total Biscayne
Bay population, with estimates ranging from 5.2%
(Johnson et al. 2012) to 8-9% (Campos and Berkeley
2003).

Although Santos et al. (2019) identified declining
bonefish CPUE in Biscayne Bay between 1975 and
2015, a more recent analysis of fishing tournament
data from Biscayne Bay and the Florida Keys indi-
cates that bonefish populations may be recovering
(Boucek et al. 2022). The number of bonefish caught
per boat day between 2015 and 2021 was more than
double those between 1999 and 2014 (Boucek et al.
2022). This study partially coincides with a period of
decline in flats fisheries observed in by Santos et al.
(2019), as well as a period of recovery identified by
(Boucek et al. 2022). Our analysis did not find a sig-
nificant trend in bonefish CPUE between 1993 and
2018 based on BNP creel survey data. The dataset
analyzed by Santos et al. 2019 ranged from 1975 and
2015 (40 years), and therefore was able to capture a
stronger effect in bonefish fisheries trends influenced
by greater annual CPUE reports by guides in the
1970s and 1980s, before the angler interview-based
creel dataset used in this study which began. Bone-
fish CPUE values did consistently increase each year
between 2014 and 2017, but unlike the findings of
(Boucek et al. 2022), these values remained below the
average over the time series. The significant decrease
in recreational bonefishing efforts found in this study
may reflect a decrease in populations or spatial shift in
a fishing effort not captured by the analysis of CPUE.

There do not appear to be any clear trends in the
pink shrimp fisheries that would explain the decline
in the bonefish flats fisheries, as no negative associa-
tion was found between pink shrimp bait and food
fishery effort or landings and bonefish CPUE. Fur-
thermore, a positive but non-significant trend was
observed between bonefish CPUE and bait pink
shrimp fisheries landings and effort, raising the pos-
sibility that interannual variations in environmental
conditions, such as climate, water quality, and habitat
quality (Kroloff et al. 2019), maybe a more impor-
tant factor in mediating both pink shrimp fisheries

production and bonefish populations. However, the
lack of relationship between bonefish CPUE and pink
shrimp CPUE indicates a weak association, if any,
between interannual shrimp and bonefish populations.
Based on these results, we hypothesize that the two
pink shrimp fisheries in Biscayne Bay in their current
state have a minimal impact on the recreational bone-
fish flats fisheries.

Conclusions

Here, we investigated the trends of the two com-
mercial pink shrimp fisheries in Biscayne Bay using
over 30 years of fishery and economic data, and their
potential interaction with the recreational bonefish
flats fishery based on a 25-year angler interview-
based dataset. Both shrimp fisheries displayed
dynamic changes during the study period that may
reflect changes in pink shrimp abundance, environ-
mental disturbances, socioeconomic factors, and
interactions among these factors. For the bait fishery,
the majority of landings were retained from within
Biscayne Bay, and initial increases in both effort and
landings shifted in the 1990s to trends of decreased
effort and landings. The estimated total value in
2020 USD has decreased over the study period. The
majority of landings from the food fishery were in
nearshore waters. Like the bait fishery, the food fish-
ery saw an initial increase in both landings and effort
followed by decreasing effort; however, landings dis-
played a nonsignificant change in the same period.
The CPUE for the bait fishery showed periods of
increase and decrease and monthly CPUE appears to
be a good proxy for monthly pink shrimp abundance
in Biscayne Bay, but further investigation would be
needed with a longer time series to substantiate and
better characterize this relationship.

Over 25 years, annual recreational flats fishing
effort targeting bonefish declined in Biscayne Bay
and the surrounding waters, although, bonefish catch
and CPUE did not change significantly over the time
series. There was no relationship found between
bonefish CPUE and commercial bait/food pink
shrimp fishing landings, effort, or CPUE, suggest-
ing that the pink shrimp fisheries do not have a major
impact on bonefish populations in Biscayne Bay. Still,
there is a need for studies that quantify the landings
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and value of the Bay’s pink shrimp recreational fish-
ery as well as a better characterization of the direct/
indirect economic value and ecological impact (e.g.,
bycatch, habitat destruction) of both commercial fish-
eries. These types of studies would allow for robust
insight on the cost—benefit tradeoffs of conservation
strategies concerning the pink shrimp fisheries in
Biscayne Bay. Given the overall decline in Biscayne
Bay pink shrimp fishery vessels, effort, and landings,
as well as the lack of any clear association between
shrimp fisheries and the recreational bonefish flats
fisheries, we conclude that the influence of the pink
shrimp fisheries on the flats fishery is likely to be
minimal in their current state.
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