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Abstract The recreational flats fishery (bonefish,
tarpon, and permit) in South Florida is economically
and culturally important and has declined recently for
unknown reasons. Biscayne Bay is a shallow subtrop-
ical lagoon system with a flats fishery bordered by a
large urban center. The Bay also supports commercial
fisheries, including the pink shrimp bait and food fish-
eries. These two shrimp fisheries represent Biscayne
Bay’s most valuable fisheries, but how these fisheries
interact with the recreational flats fishery is relatively
unknown. We conducted a literature review to iden-
tify the potential direct and indirect effects of the two
shrimp fisheries on the recreational flats fishery in the
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Bay. Our review found that there are likely minimal
impacts of the Biscayne Bay pink shrimp fisheries on
the flats fishery in Biscayne Bay since (a) the species
are not caught by shrimping gear, (b) the shrimp fish-
ery removes less than 10% of the Bay’s shrimp pop-
ulation, and (c) damage to seagrass is minimal (but
hardbottom is damaged). Yet, the potential for indi-
rect prey removal cannot be ruled out and requires
quantification with additional diet data, food web, and
mass balance models.

Keywords Bonefish - Tarpon - Permit - Roller-
frame - Wingnet - Bycatch

W. R. James - J. S. Rehage

Department of Earth and Environment, Florida
International University, Miami, FL, USA
e-mail: rehagej @fiu.edu

R. J. Rezek

Department of Marine Science, Coastal Carolina
University, Conway, SC, USA

e-mail: rrezek @coastal.edu

I. C. Zink

Independent Consultant, St. Petersburg, FL, USA
e-mail: ianczink @ gmail.com

@ Springer


http://orcid.org/0000-0002-4829-7742
http://crossmark.crossref.org/dialog/?doi=10.1007/s10641-022-01319-4&domain=pdf
https://doi.org/10.1007/s10641-022-01319-4
https://doi.org/10.1007/s10641-022-01319-4

Environ Biol Fish

Introduction

The complex habitat mosaic of mangrove, seagrass,
sand, coral reef, mud bottom, hardbottom, and ben-
thic algae that comprise shallow tropical and sub-
tropical coastal marine waters is collectively referred
to as flats. These flats serve as essential habitat for
many organisms (Rosenberg et al. 2000), including
important recreational fishery species such as bone-
fish (Albula vulpes), tarpon (Megalops atlanticus),
and permit (Trachinotus falcatus) (Adams and Cooke
2015; Adams et al. 2019). In South Florida (USA),
the recreational flats fishery is of high economic and
cultural importance (Fedler 2013), but recent stud-
ies have highlighted declines in this fishery in both
catches and effort (Santos et al. 2017, 2019; Kroloff
et al. 2019; Rehage et al. 2019; Boucek et al. 2022).
While the exact reason is unknown, local ecological
knowledge from key informant interviews of anglers
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suggests the decline could be related to climate, water
quality, food availability, or habitat loss (Kroloff et al.
2019).

Biscayne Bay is a large (1110 km?), shallow
(depths generally < 3 m), subtropical lagoon sys-
tem located downstream of the Florida Everglades
and is surrounded by the city of Miami metropoli-
tan area (population ~2.7 million) and multiple pro-
tected areas that preserve natural shorelines (Fig. 1).
Thus, Biscayne Bay is heterogenous in urbaniza-
tion and habitat distribution with distinct gradients
of natural and anthropogenic stressors (Santos et al.
2011, 2015, 2018; Lirman et al. 2014). Its western
shoreline extends approximately 56 km from north
to south. The entire Bay and adjacent embayments
(Card and Barnes Sounds; Fig. 1) fall under a fed-
eral (Biscayne National Park, Florida Keys National
Marine Sanctuary) or state (Biscayne Bay Aquatic
Preserve) ecologically protected status. Where coastal
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urban development is low, its shorelines consist of a
mangrove-seagrass ecotone punctuated by natural
tidal creeks, artificial channels, and freshwater canals
(Serafy et al. 2007). The natural hydrology of the
Biscayne Bay watershed was modified with the con-
struction of the Central and Southern Florida Project
water-drainage system completed in the 1960s, and
these changes resulted in substantial changes to the
Bay’s salinity regimes (Browder and Ogden 1999;
Browder et al. 2005). Despite the immense hydro-
logic modification and urbanization, Biscayne Bay
supports a lucrative recreational flats fishery (Fed-
ler 2013). For example, the bonefish flats fishery in
Biscayne Bay is perceived as being of higher qual-
ity (both in number and size of bonefish) by anglers
compared to Florida Bay or the Florida Keys (Rehage
et al. 2019). Despite a higher perception relative to
other regions in South Florida, populations of bone-
fish in Biscayne Bay, like those throughout South
Florida, have been in decline since the 1980s (San-
tos et al. 2017, 2019; Rehage et al. 2019). However,
recent data points to a potential recovery of the bone-
fish population (Boucek et al. 2022).

One potential decline of the Biscayne Bay flats
fishery populations is interactions with commercial
fisheries within the Bay (Kelleher 2005). Biscayne
Bay supports multiple commercial fisheries includ-
ing two commercial pink shrimp (Farfantepenaeus
duorarum) fisheries: (1) the live bait shrimp fish-
ery that supports recreational fishing and (2) the
food shrimp fishery for direct human consumption.
Together these two commercial shrimp fisheries in
Biscayne Bay represent the Bay’s most important
commercial fishery product (Johnson et al. 2012).
Pink shrimp have high ecological importance as a
major prey item and help support many commercial
and recreational fishery species within the bay (e.g.,
bonefish, tarpon, permit) or that use Biscayne Bay as
nursery habitat (e.g., reef fishes) before moving off-
shore as adults (Crabtree et al. 1998; Hammerschlag
et al. 2010). Therefore, the two pink shrimp fisheries
have the potential to interact both directly and indi-
rectly with other fishery species (including the recrea-
tional flats fishery) in Biscayne Bay.

Pink shrimp, like other penaeid shrimp species,
support lucrative commercial fisheries in the USA,
and within the past decade, Florida pink shrimp land-
ings can be as high as 12.6 million pounds and can
value as high as 24.1 million USD (Zink 2017). Most

US commercial landings originate from Florida,
especially from the Tortugas Grounds, northwest
of Key West on the southwestern Florida Gulf shelf
(Hart et al. 2012). A portion of the Florida landings
come from the Biscayne Bay area. The portion of
overall landings in Florida can be as high as 20% of
the bait fishery and 11% of the food fishery depend-
ing on the year (Rezek et al. 2022). The Biscayne Bay
pink shrimp population is thought to originate from
the Tortugas Grounds, but a relationship between
spawning grounds and the Biscayne Bay nursery has
not been determined (Browder et al. 2005). Genetic
evidence supports recruitment from the Tortugas
Grounds population but also found evidence that
another unknown spawning population (potentially
from the Caribbean) contributes to the Biscayne Bay
population (Timm et al. 2021).

Pink shrimp have a life cycle where juveniles use
shallow nearshore waters as nursery habitats and
migrate offshore as adults to spawn (Dall et al. 1990).
The two commercial fisheries in Biscayne Bay take
advantage of the life cycle of pink shrimp, targeting
shrimp at different life stages. The pink shrimp bait
fishery in Biscayne Bay supplies live shrimp to be
used as bait for recreational fisheries around Biscayne
Bay and in the Keys (Tabb 1958; Tabb and Kenny
1969; Berkeley et al. 1985; Ault et al. 1997). Oper-
ating year-round, the bait fishery is based on a quota
system where dealers place orders to be filled, and
landings are influenced by seasonal demands from
tourism and levels of recreational fishing (Ault et al.
1997; Johnson et al. 2012). Shrimpers target seagrass
beds in shallow (1-2 m) waters at night using roller-
frame trawls that are designed to minimize damage
to areas with seagrass cover (Ault et al. 1997). The
majority of the catch is composed of juveniles and
subadults between 10 and 22 mm carapace length
(Johnson et al. 2012). The Biscayne Bay pink shrimp
food fishery operates differently than the pink shrimp
bait fishery. Shrimpers use vessels with wingnet gear
and mainly sell to wholesale fish houses that ship
pink shrimp to markets around the country (EDAW
Inc. 2003). Wingnets are a gear that consists of two
dip nets that are lowered into the upper portion of
the water column on each side of the vessel and are
typically limited to areas with water depths > 1.2—1.8
m. Shrimpers target areas where larger juvenile and
subadult shrimp (carapace length > 19 mm) aggre-
gate in the upper water column with strong currents,
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such as passes, channels, canals, and bridges, at night
as they emigrate from Biscayne Bay (Criales et al.
2000; Johnson et al. 2012). Since 1999, the food fish-
ery near Biscayne Bay has had an open season, cur-
rently between November 1 and May 31 (Johnson
et al. 2012). Because of the differences in habitats
targeted, the bait fishery operates mostly within Bis-
cayne National Park, while the food fishery operates
outside the park (Fig. 1).

The combination of the bait and food fisheries
makes pink shrimp the most valuable commercial
fisheries product in Biscayne Bay (Johnson et al.
2012), but other economically important fisheries
(e.g., recreational flats fishery) exist within the Bay
(Santos et al. 2017, 2019). Because of bycatch and
habitat destruction caused by the gear types used,
shrimp fisheries are generally condemned for their
negative environmental impacts. Concern over the
ecological impacts have been voiced since the onset
of Biscayne Bay inshore pink shrimp live bait fisher-
ies (Higman 1952; Tabb 1958; Berkeley et al. 1985).
Here we conducted a literature review to identify and
summarize previously reported and potential direct
(e.g., bycatch) and indirect (e.g., habitat) effects of
Biscayne Bay pink shrimp fisheries on the recrea-
tional flats fishery.

Methods

We performed a systematic literature search to acquire
and synthesize information on the potential impacts
of pink shrimp fisheries on recreational flats fishery
in Biscayne Bay. To gather published literature, we
conducted a key term search using three categories of
key terms (one related to location, one related to pink
shrimp fishery, and one related to ecological impacts)
in Web of Science. The location terms were “Bis-
cayne Bay” OR “Florida” OR “seagrass” OR “SAV,”
the pink shrimp fishery terms were “pink shrimp” OR
“roller-frame” OR “wingnet” OR “commercial trawl-
ing,” and the ecological impact terms were “bycatch”
OR “habitat destruction” OR “habitat degradation”
OR “disturbance.” Each search contained one key
term from each category (e.g., searched “Biscayne
Bay” AND “pink shrimp” AND “bycatch”), and all
combinations of the three categories were used (n
= 60 total searches). We supplemented the litera-
ture sources found on Web of Science by conducting
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searches on Google Scholar with the same key terms,
searching the first five pages of results. In addition
to the Web of Science and Google Scholar searches,
we searched the University of Miami RSMAS library
Biscayne Bay Collection for federal reports and gray
literature. Other sources were included from the
authors’ personal libraries.

Results and discussion

Our key term search on Web of Science yielded 41
peer-reviewed sources (Table S1). With the addi-
tion of the Google Scholar and University of Miami
RSMAS library Biscayne Bay Collection, a total of
99 sources were identified. Of those sources, 79 were
peer-reviewed journals, 11 were from reports submit-
ted to federal agencies, 4 were reports submitted to
state agencies, 2 were United Nations FAO reports,
1 was a book chapter, and 2 were dissertations
(Table S1).

Impacts of Biscayne Bay pink shrimp bait fishery
Bycatch

Roller-frame trawls are the fishing gear used in the
Biscayne Bay bait fishery. Like other trawls, roller-
frames are nondiscriminatory in what species are
captured when they are deployed. Compared to otter
trawls (another type of gear used in seagrass beds),
roller-frames are much more effective at shrimp cap-
ture in seagrass habitats, but roller-frames are also
effective at capturing other fishery-targeted species
(Stallings et al. 2014b). One study that examined
bycatch in multiple estuaries on the northwest coast
of Florida found a very large bycatch rate, between 74
and 93% of the total abundance of trawls were from
species other than pink shrimp, although bycatch
rates differed by season and trawling location (Stall-
ings et al. 2014a). Within Biscayne Bay, reported
bycatch rates were lower but still significant (Tabb
1958; Berkeley et al. 1985; Ault et al. 2001; Craw-
ford et al. 2011). Crawford et al. (2011) found that,
based on weight, pink shrimp comprised 26%, fin-
fish comprised 18%, and seagrass comprised 56%
of the catch of control nets (animal bycatch rate =
41%). Other studies reported even lower values, with
a bycatch rate of 24% of total catch abundance (Ault
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et al. 2001), and bycatch rate of 15% of the total catch
abundance for economically important species other
than pink shrimp (total bycatch rate is likely higher
for all taxa; Berkeley et al. 1985).

The bycatch of commercial and recreational fish-
eries species within pink shrimp roller-frame trawls
has a direct impact on those populations, and the
magnitude of this impact is species specific. Bycatch
of fisheries species is typically limited to juveniles
that use seagrass habitats as nurseries (Berkeley
et al. 1985; Meyer et al. 1999; Stallings et al. 2014a).
Excluder bars attached to roller-frames are intended
to reduce bycatch and the amount of seagrass blades
and algae collected (Tabb and Kenny 1969; Ault et al.
1997), and Stallings et al. (2014b) suggested that
excluder bars may explain the lower amount of larger
fauna collected by roller-frame trawls relative to otter
trawls. Survivability of juveniles caught in trawls is
species-specific, with some species (e.g., spotted sea-
trout Cynoscion nebulosus) with very high mortality
(Stallings et al. 2014a). Also, having high survival
related to trawl capture does not always equate to a
successful release because fish returning to the water
are susceptible to predation, and predatory species
(e.g., dolphin, sea birds) are known to follow shrimp-
ing boats (Meyer et al. 1999). Grunts and snappers
were fisheries species with the highest bycatch rates,
but other species included groupers, hogfish, and
spiny lobster (Clark 1974; Berkeley et al. 1985; Ault
et al. 2001; Serafy et al. 2007; Crawford et al. 2011).
Studies of roller-frame bycatch in Biscayne Bay did
not observe any of the recreational flats fishery spe-
cies (i.e., bonefish, tarpon, permit) in their results
(Table 1; Tabb 1958; Berkeley et al. 1985; Ault et al.
2001). Similarly, other roller-frame trawl bycatch
studies from Florida also did not report these species
in their collections (Meyer et al. 1999; Crawford et al.
2011; Stallings et al. 2014a, b). Although not study-
ing pink shrimp bycatch specifically, Serafy et al.
(1997) investigated Biscayne Bay fish assemblages
using a roller-frame trawl and also did not report cap-
turing recreational flats fishery species.

The pink shrimp bait fishery indirectly impacts
commercial and recreational fisheries’ populations
in Biscayne Bay by removing food resources. Unlike
bycatch of commercial and recreational fisheries’
species that mainly affect juveniles, the removal
of prey items impacts both juveniles and adults of
fisheries populations that forage on resources from

Biscayne Bay. Because pink shrimp in Biscayne Bay
are thought to originate from the Tortugas Grounds
population, which is considered to not depend upon
pink shrimp recruits from Biscayne Bay, it has been
hypothesized that large fishing efforts in the Bay
would likely not influence the overall population
of pink shrimp the following year (Berkeley et al.
1985). Estimates of the proportion of the pink shrimp
population in Biscayne Bay that is removed via the
bait fishery range from 5.2% (Johnson et al. 2012)
to 89 % (Campos and Berkeley 1986). However,
food availability is a major driver of consumer
populations, and because pink shrimp are important
prey, large removal of the pink shrimp population via
the bait fishery could have drastic effects on other
fisheries species (Hiddink et al. 2011). Between 2018
and 2020, the average landings for the bait fishery
in Biscayne Bay was 60,922.5 kg/year (Rezek et al.
2022).

Besides pink shrimp, other important prey items,
such as pinfish (Lagodon rhomboides), gulf toadfish
(Opsanus beta), and mojarra (Eucinostomus spp.)
have some of the highest bycatch rates in roller-frame
trawls throughout Florida (Higman 1952; Wood-
burn et al. 1957; Meyer et al. 1999; Crawford et al.
2011; Stallings et al. 2014a, b) and within Biscayne
Bay (Clark 1974; Berkeley et al. 1985; Serafy et al.
1997; Ault et al. 2001; Crawford et al. 2011). Some of
the earliest concerns regarding ecological impacts of
bait shrimp fisheries included concerns regarding the
removal of so-called trash fish that served as prey for
important higher trophic level consumers (Woodburn
et al. 1957). Berkeley et al. (1985), using fisheries
observers aboard bait shrimp vessels, estimated that
4,768,197 pinfish are caught annually as bycatch from
Biscayne Bay, which standardized to shrimp catch
which is 131.06 pinfish per 1000 shrimp (Table 1).
Although not as high, pinfish were the most com-
mon bycatch found in the fishery-independent survey
using roller-frames in Ault et al. (2001).

These more recent studies provide higher-quality,
quantitative assessments of the amount and com-
position of the bycatch associated with pink shrimp
live bait fisheries than the more qualitative descrip-
tions included in earlier investigations. Based on
gut content analysis, many of the dietary items of
bonefish, tarpon, and permit were main components
of the catch of roller-frame trawls (Carr and Adams
1973; Crabtree et al. 1998; Jud et al. 2011). However,
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Table 1 Catch of commercial and recreational fisheries spe-
cies as well as important prey species from two studies using
roller-frames in Biscayne Bay. Berkeley et al. (1985) used fish-
eries-dependent data to estimate the total annual catch of spe-
cies and these species were standardized to shrimp catch (catch

per 1000 shrimp). Ault et al. (2001) used fisheries-independent
data and was reported as the total number of individuals caught
across all trawls. Data was standardized to catch per 1000
shrimp to allow comparison to Berkeley et al. (1985). Blank
indicates not reported

Berkley et al. 1985

Ault et al. 2001

Species Estimated annual catch Catch per Number caught Catch
1000 shrimp per 1000
shrimp
Pink shrimp Farfantepenaeus duorarum 36,381,312 1000 103,896 1000
Pinfish Lagodon rhomboides 4,768,197 131.06 8163 78.57
Gulf toadfish Opsanus beta 4480 43.12
Silver jenny Eucinostomus gula 3160 30.42
White grunt Haemulon plumierii 586,823 16.13 3855 37.10
Bluestriped grunt Haemulon sciurus 415,222 11.41 2350 22.62
Lane snapper Lutjanus synagris 243,612 6.70 242 2.33
Gray snapper Lutjanus griseus 26,964 0.74 594 5.72
Mutton snapper Lutjanus analis 161,718 4.45 65 0.63
Spotfin mojarra Eucinostomus argenteus 232 2.23
Spiny lobster Panulirus argus 84,061 2.31 1 0.01
Blue crab Callinectes sapidus 69,788 1.92 0 0
Hogfish Lachnolaimus maximus 10,148 0.28 163 1.57
Banner goby Microgobius microlepis 87 0.84
Spotted seatrout Cynoscion nebulosus 45,997 1.26 34 0.33
Yellowtail snapper Ocyurus chrysurus 5078 0.14 142 1.37
Inshore lizardfish Synodus foetens 69 0.66
Sand perch Diplectrum formosum 10,788 0.30 94 0.90
Rainwater killifish Lucania parva 61 0.59
French grunt Haemulon flavolineatum 10,788 0.30 76 0.73
Sailor’s choice Haemulon parra 13,003 0.36 61 0.59
Tomtate Haemulon aurolineatum 5710 0.16 73 0.70
Grass porgy Calamus arctifrons 8245 0.23 65 0.63
Pigfish Orthopristis chrysoptera 2855 0.08 57 0.55
Sheepshead porgy Calamus penna 2855 0.08 3 0.03
Gulf flounder Paralichthys albigutta 2224 0.06 4 0.04
Stone crab Menippe mercenaria 2855 0.08 0 0
Atlantic spadefish Chaetodipterus faber 3 0.03
Yellow jack Caranx bartholomaei 1903 0.05 0 0
Gray triggerfish Balistes capriscus 2 0.02
Great barracuda Sphyraena barracuda 2 0.02
Ocean triggerfish Cantherhines sufflamen 2 0.02
Bar jack Caranx ruber 952 0.03 0 0
Nassau grouper Epinephelus striatus 952 0.03 0 0
Gag grouper Mycteroperca microlepis 632 0.02 0 0

further study would be needed to fully integrate the
ecological impacts of bycatch removals related to the
fishery. There are examples of studies that have used
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diet and food-web analysis paired with mass-balanced
dynamic models to assess the ecological conse-
quences of prey removal on the stock or abundance
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of fish populations (Christensen and Walters 2004; de
Mutsert et al. 2012; Chagaris et al. 2015; Smith et al.
2020). Similar approaches could be adapted to assess
the trophic effects of the removal of pink shrimp, and
associated bycatch, by the pink shrimp live bait fish-
ery in Biscayne Bay.

Habitat degradation

Roller-frame trawls are the most common gear type
used in the pink shrimp bait fishery throughout Flor-
ida. Although similar shrimp fisheries exist through-
out the southeast, roller-frames seem to be exclusively
used in Florida, with otter trawls a common gear type
in other locations (Crawford et al. 2011). Otter trawls
(and most other trawl gears) drag across the bottom of
the sea floor and can cause widespread damage, espe-
cially in seagrass habitats (Barnette 2001). Roller-
frame trawls are designed to roll across the sea floor,
and this design protects against most of the scrapping
damage caused by otter trawls (Tabb 1958; Berkeley
et al. 1985; Ault et al. 1997; Barnette 1999, 2001). An
analysis of the effects of roller-frames on the seagrass
Thalassia testudinum in Tampa Bay found no differ-
ences in seagrass beds trawled compared to those not
trawled for mean seagrass shoot density, number of
blades per shoot, longest blade length per shoot, total
blade length per shoot, or above- and below-ground
biomass (Meyer et al. 1999). Ault et al. (1997) found
similar results with seagrass beds showing little dam-
age regardless of the number of times trawled. These
findings are supported by Berkeley et al. (1985),
which concluded that since each fished area of Bis-
cayne Bay is trawled about four times over the course
of a year, the lack of bay-wide declines in seagrass
indicate roller-frame trawls are not destructive to
seagrass habitats. Roller-frames do capture seagrass
in trawls (Crawford et al. 2011), but this material is
likely from seagrass that is already damaged, unat-
tached, or leaves ready to detach, with little long-term
damage to seagrass beds (Higman 1952; Woodburn
et al. 1957; Tabb 1958).

Although roller-frames display little damage to
the seagrass habitats they primarily target, this is not
the case for hard bottom habitats, another key habi-
tat type within Biscayne Bay (Ault et al. 1997; Bar-
nette 2001). Tilmant (1979) found that roller-frame
trawls turned over or crushed 80% of Porites porites
and Solenastrea hyades corals and damaged over 50%

of sponges and 38% of gorgonians. This study also
found damage to macroalgae, such as Halimeda and
Sargassum (Tilmant 1979). After 11 months, dam-
age to benthic organisms in hard bottom habitats per-
sisted, but signs of recovery were evident (Tilmant
1979). Ault et al. (1997) found similar results show-
ing damage to many organisms in hard bottom habi-
tats. Interestingly, damage to hard bottom organisms
was not linear with subsequent trawling events, dis-
playing diminishing damage with increased trawling,
and displaying a plateaued response in the amount of
damage of sponges and soft corals (Ault et al. 1997).
However, bait shrimpers target seagrass habitats for
trawling since abundances of pink shrimp are greater
relative to hardbottom (Ault et al. 1997).

Impacts of Biscayne Bay pink shrimp food fishery

The majority of what is known about the Biscayne
Bay food fishery comes from an ethnographic study
from Biscayne National Park. This information
comes from interviews of commercial shrimpers
and describes the vessel and gear type used and the
types of locations targeted (EDAW Inc. 2003). John-
son et al. (2012) describes the fisheries’ trends from
1987 to 2005 for the Biscayne Bay food fishery, but
this source only included catch of the targeted pink
shrimp.

Bycatch

The wingnet gear used in the Biscayne Bay food
fishery was reportedly invented by a Cuban expatri-
ate in Miami around the mid-1970s (EDAW Inc.
2003). However, Tabb (1958) described the chan-
nel lift or wingnet as a specialized gear used during
winter months to catch shrimp from Biscayne Bay
surface waters as they moved through tidal cuts.
Another early report of a similar gear was described
by Higman (1952) as channel, or lift, nets that were
deployed at right angles to the vessel while anchored
into the current in channels or “cuts” of Florida Bay.
Similar variations of the gear called “butterfly” nets
were developed elsewhere around the southern United
States during the 1950s (Perret et al. 1996; Bourgeois
et al. 2016). Wingnet shrimpers target areas that
aggregate shrimp in the water column, typically areas
with strong current such as canals, bridges, and chan-
nels, as they emigrate from inshore areas (EDAW Inc.
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2003; Johnson et al. 2012). Where pink shrimp go
after they leave Biscayne Bay is unknown (Costello
and Allen 1966; Criales et al. 2000), but pink shrimp
emigrating from estuaries are an important food
source for many offshore fisheries species (Okey et al.
2004; Chagaris et al. 2015). If too heavily fished, the
food fishery has the potential to limit this important
food source which could have detrimental effects
on the offshore fisheries populations. However, we
hypothesize that the impact of this fishery, if any, is
very limited due to the seasonality of the fishery and
low fishing effort (mean of 104 trips/year between
2018 and 2020) currently occurring in Biscayne Bay
(Rezek et al. 2022).

No studies could be identified that specifically
addressed the bycatch associated with Biscayne Bay

Fig. 2 Conceptual diagram
of findings of the literature
review for the pink shrimp
bait and food fisheries in
Biscayne Bay. Image credit:
NOAA and Integration Gear
and Application Network
(Diana Kleine, Caroline
Donovan, and Tracey
Saxby, ian.umces.edu/
media-library)
Areas

targeted

Shallow (1-2 m) seagrass beds

Shrimp

Bait Fishery

Roller-frame

wingnetting (Fig. 2). As summarized by Perret et al.
(1996), finfish bycatch is lower in Louisiana butterfly
nets relative to trawls (presumably otter, although the
specific type was not reported), and bycatch mortality
is reduced since butterfly nets are operated in well-
oxygenated surface waters during the night when
water and air temperatures are cooler (Adkins 1993).
Wingnets would have the same limitations as other
net type gears in which they are nonselective in what
they capture. The bycatch in this fishery would likely
differ compared to the bait fishery and would likely
include pelagic species found in the water column
(Thayer and Chester 1989; Coale et al. 1994; Warner
et al. 2004).

Although different from the wingnets used in
Biscayne Bay, skimmer trawls, common in the

Food Fishery

Wingnet

Deeper water (> 1.2-1.8 m) with
strong current
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Bycatch

Habitat
disturbance

Juveniles/subadults (10-22 mm)

>

Common prey for flats species,
grunts, snappers (15-41% bycatch)

R

<

Seagrass (low) Hard bottom (high)

Juveniles/subadults (> 19 mm)

?

Not recorded

?

Not studied
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Louisiana and North Carolina shrimp fisheries,
operate similarly as wingnets. Skimmer trawls are
held by frames that push nets through the water
column, but unlike wingnets that operate only in
the upper portion of the water column, skimmer
trawls operate through the entire water column and
use a skid or ski attached to the bottom of the frame
to allow it to slide over the benthos (Coale et al.
1994; Warner et al. 2004). One bycatch study using
skimmer trawls in Apalachicola Bay found com-
mercial and recreational fisheries species, such as
spotted seatrout and gray snapper (Lutjanus grie-
sus), included in the catch, and pelagic prey spe-
cies were commonly caught (Warner et al. 2004).
Additionally, wingnet gear could capture larvae
of fisheries species or of potential prey that are
recruiting into Biscayne Bay, but the magnitude of
this impact would likely depend on the mesh size
of the wingnets (Watson and McVea 1977; Colton
etal. 1980) .

Habitat degradation

Because wingnets target shrimp in the water col-
umn, there is likely little impact on the benthic
habitat, unlike other gear types that drag or roll
across the seafloor to catch pink shrimp (Tabb
1958). Our literature searches did not identify any
studies that directly assessed potential habitat dam-
age caused by wingnets. However, in agreement
with Tabb’s (1958) assessment, Barnette (1999,
2001) concluded that wingnets (or, more specifi-
cally, butterfly nets) would have negligible impact
on mud, sand, and SAV habitats.

One other potential impact of the pink shrimp
food fishery on other fisheries is interactions with
recreational fishermen. Wingnet shrimpers target
areas of aggregations of shrimp, but adult game-
fish, such as tarpon, also use these areas to feed,
making them target areas for fishermen (Ault et al.
2007). The presence of wingnet activity would
likely reduce the quality of the recreational fishing
habitat. Evidence of negative interactions between
recreational fishermen and wingnet shrimp-
ers around Biscayne Bay can be found on fishing
forums (e.g., https://forums.floridasportsman.com/
discussion/237896/shrimping-report-miami-area).

Conclusions

Concern over the ecological impacts, including
destruction of benthic habitats and the high levels
of bycatch, have been voiced since the onset of Bis-
cayne Bay inshore pink shrimp fisheries (Higman
1952; Tabb 1958; Berkeley et al. 1985). The major-
ity of Biscayne Bay pink shrimp fishery studies have
focused on the bait fishery and gear types used within
that fishery. Bonefish, tarpon, or permit were not
listed as a species caught within roller-frame trawls in
any of the studies we reviewed that reported bycatch
information, whether they occurred in Biscayne Bay
or elsewhere in Florida. Key prey items (including
pink shrimp) of recreational flats fishery species were
the most common species caught in the roller-frame
trawls. However, the proportion removed from the
estimated total Biscayne Bay pink shrimp population
was low and likely also low for other prey species
in the bycatch. Roller-frame trawls have low impact
on seagrass habitats, but caused habitat damage to
benthic, sessile invertebrates. What is known about
the food fishery in Biscayne Bay comes from two
studies, both of which reported on the economics of
the fishery and did not consider ecological impacts.
More studies on the bycatch and habitat degradation
caused by wingnet gear are needed to understand the
Biscayne Bay pink shrimp food fishery’s ecological
impact on the recreational flats fishery.

The populations of recreational flats fishery spe-
cies in Biscayne Bay have been in decline since the
1980s, with the exact cause unknown (Kroloff et al.
2019). Based on our literature review, there is likely
low impact of the Biscayne Bay pink shrimp fisheries
on the decline of recreational flats fishery in Biscayne
Bay. This coincides with other studies that found no
relationship between landings, effort, or CPUE of
either pink shrimp fisheries on the bonefish fishery in
Biscayne Bay (Rezek et al. 2022). Bycatch of impor-
tant prey items to flats fishery species could have an
indirect effect on this fishery through reduction of
food resources. However, estimates of proportion of
prey removed from fishing are low, and this propor-
tion is likely declining due to reduced effort of the
pink shrimp fisheries (Rezek et al. 2022). Neverthe-
less, new systematic and quantitative studies (e.g.,
food web mass balance models) on Biscayne Bay’s
pink shrimp fisheries are still needed to have a bet-
ter understanding on the population trends of this
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species, the consequences of pink shrimp fishing on
ecosystem trophic dynamics and Bay-wide productiv-
ity, and to better understand the socioeconomic con-
flict between different recreational fisheries and con-
servation strategies currently considered for Biscayne
National Park.
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