
Marine Pollution Bulletin 81 (2014) 103–115
Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier .com/locate /marpolbul
Fishery gear interactions from stranded bottlenose dolphins, Florida
manatees and sea turtles in Florida, U.S.A
http://dx.doi.org/10.1016/j.marpolbul.2014.02.008
0025-326X/Published by Elsevier Ltd.

⇑ Corresponding author. Tel.: +1 904 731 3079; fax: +1 904 731 3045.
E-mail addresses: nicole_adimey@fws.gov (N.M. Adimey), chudak@coastal

studies.org (C.A. Hudak), Jessica.Powell@noaa.gov (J.R. Powell), kbhull@mote.org
(K. Bassos-Hull), Allen.Foley@myfwc.com (A. Foley), nick.farmer@noaa.gov
(N.A. Farmer), Karrie.Minch@myfwc.com (K. Minch).
Nicole M. Adimey a,⇑, Christine A. Hudak b, Jessica R. Powell c, Kim Bassos-Hull d, Allen Foley e,
Nicholas A. Farmer c, Linda White a, Karrie Minch f

a U.S. Fish and Wildlife Service, 7915 Baymeadows Way, Suite 200, Jacksonville, FL 32256, USA
b Right Whale Research Program, Center for Coastal Studies, Provincetown, MA 02657, USA
c NOAA Fisheries, Southeast Regional Office, 263 13th Avenue South, St. Petersburg, FL 33701, USA
d Sarasota Dolphin Research Program, Chicago Zoological Society, c/o Mote Marine Laboratory, 1600 Ken Thompson Parkway, Sarasota, FL 34236, USA
e Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute, Jacksonville Field Laboratory, Jacksonville, FL 32218, USA
f Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute, Sea Turtle Stranding and Salvage Network Indian River Field Lab, 1220 Prospect Ave,
Suite 285, Melbourne, FL 32901, USA

a r t i c l e i n f o
Keywords:
Fishery gear
Entanglement
Dolphins
Manatees
Sea turtles
Ingestion
a b s t r a c t

Documenting the extent of fishery gear interactions is critical to wildlife conservation efforts, especially for
reducing entanglements and ingestion. This study summarizes fishery gear interactions involving common
bottlenose dolphins (Tursiops truncatus truncatus), Florida manatees (Trichechus manatus latirostris) and sea
turtles: loggerhead (Caretta caretta), green turtle (Chelonia mydas), leatherback (Dermochelys coriacea),
hawksbill (Eretmochelys imbricata), Kemp’s ridley (Lepidochelys kempii), and olive ridley (Lepidochelys
olivacea) stranding in Florida waters during 1997–2009. Fishery gear interactions for all species combined
were 75.3% hook and line, 18.2% trap pot gear, 4.8% fishing nets, and 1.7% in multiple gears. Total reported
fishery gear cases increased over time for dolphins (p < 0.05), manatees (p < 0.01), loggerheads (p < 0.05)
and green sea turtles (p < 0.05). The proportion of net interaction strandings relative to total strandings
for loggerhead sea turtles increased (p < 0.05). Additionally, life stage and sex patterns were examined, fish-
ery gear interaction hotspots were identified and generalized linear regression modeling was conducted.

Published by Elsevier Ltd.
1. Introduction

Entanglement of non-targeted species in traps, snares, fishing
gear, etc. is of growing concern for wildlife worldwide (Kirkwood
et al., 1997; Reeves et al., 2003; Anderson et al., 2011; Dau et al.,
2009; Becker et al., 2013). Fishery gear, most notably monofila-
ment and micro-multifilament lines, trap pot lines, and nets, has
been documented as the most significant source of entanglements
for sea turtles, marine mammals, coastal and marine birds, fish and
crabs (Laist, 1997). Read et al. (2006) suggests that entanglement
in fishery gear poses the single greatest threat to many populations
of marine mammals in the United States and elsewhere in the
world, with global by-catch totaling in the hundreds of thousands.
Large marine vertebrates can be particularly vulnerable to fishery
gear impacts due to their slow growth rates and low fecundity
(Musick, 1999; Read, 2000; Cox et al., 2003).

Wallace (1985) speculated that wildlife become entangled
during: (1) accidental encounters in which the objects or gear are
not perceived; (2) indiscriminate/opportunistic occasions in which
the object cannot be distinguished from an appropriate natural
object; or (3) deliberate situations resulting from curiosity, forag-
ing or investigation of a novel object. Impacts from entanglement
can include: death or injury including loss of normal swimming
ability or mobility, strangulation, suffocation and reduced growth,
fitness or fecundity (Laist, 1996, 1997; Knowlton and Kraus, 2001;
Marine Mammal Commission, 2001; Wells et al., 2008; Benjamins
et al., 2012). Ingested fishing gear can also affect feeding abilities,
decrease feeding resulting in starvation, and obstruct normal pas-
sage of food through the digestive tract or introduce toxic chemi-
cals into tissue (Barros et al., 1990; Laist, 1997; Clapham et al.,
1999; Moore and Clarke, 2002; Moore, 2008; Cassoff et al., 2011;
Stolen et al., 2013). Furthermore, gear can be carried for several
years (Moore et al., 2006; Van der Hoop et al., 2013), with the
associated drag resulting in chronic entanglement injuries
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(Feldkamp, 1985; Clapham et al., 1999), increased energy require-
ments and expenditures (Feldkamp, 1985; Kraus et al., 2001), and/
or extensive injuries that eventually lead to embedment (Moore
et al., 2004) or self-amputation (U.S. Fish and Wildlife Service,
Manatee Rescue, Rehabilitation and Release Database, Unpub-
lished data; Balazs, 1985; Heyning and Lewis, 1990).

The state of Florida, U.S.A., has been dubbed ‘‘The Recreational
Fishing Capital of the World,’’ and has one of the greatest popula-
tions of saltwater recreational anglers in the United States (U.S.
Department of the Interior, 2011). Over 1 million recreational li-
censes are sold annually in Florida, with sales increasing by around
1% annually since fiscal year 2002 (Freitas, 2009; Hanson and Sauls,
2011). Commercial fishing in Florida is also extensive, encompassing
a variety of target species, including some 218 species of finfish, 41
species of invertebrates and numerous gear types (Florida Fish and
Wildlife Conservation Commission, http://myfwc.com/research/
saltwater/fishstats/commercial-fisheries/faq/, accessed 30.06.13).
Commercial fishing is Florida’s second largest contributor to the
state economy, generating $217 million USD in in-state sales and
supporting 64,744 jobs (National Marine Fisheries Service, 2011).

A comprehensive assessment of fishery gear interactions (e.g.,
entanglement and ingestion) for wildlife species in Florida has
not been published. Documenting interactions across coastal
megafauna, including an in-depth understanding of prevalent gear
types, is critical for future conservation efforts. The focus of this
study was on protected species megafauna, including common
bottlenose dolphins (Tursiops truncatus truncatus), Florida mana-
tees (Trichechus manatus latirostris) and sea turtles (loggerhead
(Caretta caretta), green turtle (Chelonia mydas), leatherback (Derm-
ochelys coriacea), hawksbill (Eretmochelys imbricata), Kemp’s ridley
(Lepidochelys kempii), and olive ridley (Lepidochelys olivacea)
stranding along the Florida coast from 1997 to 2009. The aims of
this study were to: (1) summarize fishery interaction records
involving hook and line gear, trap pot gear, and nets; (2) evaluate
and identify geographic ‘‘hot spots’’ for fishery gear interactions
and seasonal trends in coastal and inland waters; (3) analyze an-
nual fishery gear interactions by gear type and animal life stage;
and (4) recommend potential solutions to reduce fishery gear
impacts on Florida marine wildlife.

2. Materials and methods

2.1. Stranding data

Stranding data for bottlenose dolphins, Florida manatees, and
sea turtles were obtained from four databases: National Marine
Fisheries Service (NMFS) Marine Mammal Health and Stranding
Response Database, Florida Fish and Wildlife Conservation Com-
mission (FWC) Manatee Mortality Database, U.S. Fish and Wildlife
Service (USFWS) Manatee Rescue and Rehabilitation Database, and
the Sea Turtle Stranding and Salvage Network (STSSN) Database.
Data collection for each database has improved over the years
due to increased reporting, public education and outreach, and
expansion of program infrastructure. Specific information regard-
ing data collection and management of each database is available
from the respective agencies. Data records used in the present
study were those associated with stranded1 or rescued individuals
(i.e., injured, sick or dead animals found floating or washed ashore).
To maintain consistency between each database, cases where ani-
mals were caught in research gear and those where sea turtles were
reported or caught directly in active fisheries or on hook and line and
reported by fishermen were not included in this analysis. Strandings
in Florida during 1997–2009 were sorted to only include cases that
had fishery gear on or in their body at the time of the stranding or
1 16 U.S.C § 1421h(3) (2013).
during necropsy. Records were examined by coast using �80.5�
longitude as the dividing line between the Atlantic and Gulf of
Mexico (used by NMFS for categorizing STSSN data).

Due to the limited cases of known sex for stranded sea turtles and
the difficulties in determining life stage for many stranded sea tur-
tles (there are large overlaps in sizes of immature and mature sea
turtles), only dolphins and manatees were analyzed by sex and life
stage. Approximate dolphin life stages were based on straight length
measurements and defined as: calf: <200 cm; sub-adult: P200 to
<240 cm; and adult: P240 cm, recognizing that there is much vari-
ability in body length relative to age (personal communication,
Wells; Read et al., 1993). Manatee life stage was determined from
straight length measurements and defined as: calf <235 cm; juvenile
235–264 cm; and adult >264 cm (Bonde et al., 2012).

For the purpose of this study we defined fishery gear interactions
to include those strandings that involved entanglement or ingestion
of fishery gear. Fishery gear was divided into four categories: (1)
hook and line (HL) – entanglement in, or ingestion of, fishing line
(monofilament or multifilament), fishing hooks, lures, weights,
and/or jigs; (2) trap pot gear (TPG) – entanglement in any part of a
trap pot, most typically the buoy line; (3) fishing net (FN) – entangle-
ment in any type or size (whole or partial) of fishing net; and (4) mul-
tiple gear – any combination of the aforementioned gear categories.
Non-fishery gear cases (i.e., unidentified rope, plastic straps, marine
debris) and those cases where strandings occurred without attached
gear and/or possessing marks/scars consistent with fishery gear
interactions were excluded from this analysis. Cases of external
entanglements were further divided into four categories indicating
gear location on the animal: (1) body (any part of the head, neck,
shell, torso, dorsal fin, peduncle, or tail); (2) flippers; (3) multiple
locations (signifying the combination of entanglements on multiple
parts of the animal); and (4) unknown locations (records where fish-
ery gear location was not reported). Cases of gear being ingested
were divided into two categories depending on whether or not they
were externally detectable: (1) gear in mouth or protruding from
mouth, anus, or cloaca (detectable without a necropsy); and (2) gear
in GI tract but not in mouth or protruding from mouth, anus, or
cloaca (detectable only during necropsy).

2.2. Statistical analysis

Generalized linear regression models (GLMs) (R Core Team,
2013) were used to examine temporal trends in fishery gear inter-
action strandings. Residual diagnostics, AIC (Akaike, 1974), and
goodness-of-fit tests were used to select the appropriate functional
fit to the data for each species. Because observation effort was un-
known, the proportion of strandings with fishery gear interactions
to total strandings was compared through time as a proxy for
interaction rate. These comparisons were made across species,
sexes, and life stages using beta regressions for proportional data
in R (R Core Team, 2013); comparisons were also made for the
Atlantic and Gulf coasts. To examine spatial trends in strandings,
we performed kernel density analyses (cell size = 30, 11 natural
breaks: Jenks classification; ArcMap 10.1) for HL and TPG interac-
tions for each animal group. For manatees and dolphins, G-test
analyses (PopTools 3.2: Build 5) were completed to determine if
stranded animals with gear had similar life stage/sex ratios as
compared to animals that stranded without evidence of gear
interactions (non-interaction animals only). Animals in which a
human-interaction could not be determined were excluded from
the analyses. For these analyses, animals were also broken down
by life stage (e.g., calf, juvenile, adult). To explore the seasonal
dynamics of interaction observations, we applied GLM time-series
modeling methods implemented in SAS v9.3. Generalized and
high/low treatments season were evaluated for each species group.
Generalized seasonal assignments were based on life history
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patterns for dolphins (Season 1: December–January; Season 2:
Feburary–March; . . .; Season 6: October–November), manatees
and all sea turtle species combined (Season 1: December–Febu-
rary; Season 2: March–May; . . .; Season 4: September–November).
High/low seasonal models compared summer/fall entanglements
to winter/spring for dolphins, manatees, and all sea turtle species.
High/low seasonal assignments were also based on life history pat-
terns for dolphins (High: May–September), manatees and sea
turtles (High: April–October).

3. Results

During 1997–2009, a total of 25,138 strandings were reported in
Florida for all three animal groups including 2413 dolphins, 4962
manatees, and 17,763 sea turtles (9950 loggerheads, 5347 green
turtles, 1346 Kemp’s ridleys, 362 hawksbills, 304 leatherbacks, 3 ol-
ive ridleys, and 451 unidentified sea turtles). Of these, 1582 (6.3%)
cases were identified as fishery gear interactions, including: 132
dolphins, 380 manatees, and 1070 sea turtles (418 loggerheads,
481 green turtles, 69 Kemp’s ridleys, 30 hawksbills, 43 leatherbacks,
1 olive ridley, and 28 unidentified sea turtles) (Table 1). Due to the
low number of olive ridley strandings (N = 3), the proportion of
cases for this species involving each gear type were not given. Fish-
ery gear interactions for all species combined were 75.3% hook and
line (n = 1192), 18.2% trap pot gear (n = 288), 4.8% fishing nets
(n = 75), and 1.7% in multiple gears (n = 27).

Fishery gear interactions for dolphins consisted of 73.5% hook
and line, 20.5% trap pot gear, 3.0% fishing nets, and 3.0% multiple
gear. Fishery gear interactions for manatees consisted of 76.3%
hook and line, 21.9% trap pot gear, 1.3% fishing net, and 0.5% multi-
ple gear, while interactions for sea turtles consisted of 75.2% hook
and line, 16.6% trap pot gear, 6.2% fishing net, and 2.0% multiple
gear. Dolphin gear interactions were comprised of 36.3% adults,
33.9% calves, 23.6% sub-adults, and 6.2% unreported life stage.
Dolphin sex category composition included 53.0% males, 33.3% fe-
males and 13.6% unreported sex. Stranded manatees known to
interact with fishing gear at all life stages and sex categories re-
mained stable over time. The manatee life stage composition was
48.4% adults, 27.6% calves, 19.8% juveniles, and 4.2% unreported
life stage, while the sex category composition included 56.0% fe-
males, 30.3% males, and 13.7% unreported sex. Records indicated
that 14.2% of manatees stranded with fishery gear also showed evi-
dence of previous gear interactions; these comparative data were
not consistently reported for dolphins or sea turtles.

The number of reported fishery gear interaction cases for dol-
phins (p < 0.05), manatees (p < 0.01), loggerheads (p < 0.05), and
green turtles (p < 0.05) increased over time; no significant trends
were detected for the other species of sea turtles. Beta regression
analyses were used to evaluate temporal trends in the proportions
of gear interaction strandings for each gear type relative to total
strandings, for each species. Proportions of fishery gear interactions
relative to total strandings were also evaluated by life stage and sex
category for dolphins and manatees. The proportion of fishery gear
interaction strandings to total strandings significantly increased
through time for dolphins (p < 0.05), primarily due to increases on
the Gulf coast (p < 0.01). By contrast, the proportion of fishery gear
interaction strandings to total strandings significantly decreased
through time for leatherback sea turtles (p < 0.05). These propor-
tions increased for adult dolphins (p < 0.05); when considered sepa-
rately, the proportion for female dolphins also significantly
increased (p < 0.01), but no significant trend was observed for males.

3.1. Hook and line

No significant trends were observed in HL gear interaction
observations for dolphins, manatees, or sea turtles. Proportions of
stranded animals found with HL gear by species were dolphin
(4.0%), manatee (5.8%), green turtle (7.7%), hawksbill (6.1%),
Kemp’s ridley (4.2%), loggerhead (3.1%), and leatherback (1.6%).
External HL entanglements were most commonly found on the
body for dolphins (55.3%), and flippers for manatees (77.3%) and
sea turtles (55.7%). In addition, 22 dolphin cases, 4 manatee cases,
and 207 sea turtle cases exhibited HL gear in the mouth or protrud-
ing from the anus or cloaca. HL gear in the GI tract was reported for
215 out of 4,097 (5.2%) manatee carcasses, 118 out of 1687 (7.0%)
sea turtles carcasses, and in 54 of 1404 (3.8%) dolphin carcasses.

G-tests indicated that adult male dolphins had significantly
higher HL gear stranding interactions than would be expected if
strandings were independent of sex, life stage, and fishery gear
(p < 0.01, Fig. 1A). G-tests also indicated that adult manatees had
significantly higher HL gear stranding interactions than would be
expected if strandings were independent of life stage and fishery
gear (p < 0.01, Fig. 1B). Additionally, the proportion of female man-
atees stranded with HL gear was greater than expected, and the
proportion of males stranded with HL gear was less than expected
if strandings with HL gear were independent of sex (p < 0.01).

Overall, HL interaction hotspots on the Atlantic coast occurred
in the central east to southeast coastal, Intracoastal Waterway,
and inland Florida waters, while hotspots on the Gulf coast were
less evident. Dolphin (Fig. 2A) and manatee (Fig. 2C) hotspots were
more centralized than those for sea turtles (Fig. 2E).

3.2. Trap pot gear

Beta regression analyses indicated a decreasing trend (p < 0.05)
in the proportion of TPG interaction strandings relative to total
strandings for Kemp’s ridley sea turtles; however, only seven turtles
were observed stranded in TPG and over-interpretation of this trend
should be avoided. No significant trends in the proportions of TPG
interaction strandings relative to total strandings were observed
for other species. The overall percentages of stranded animals found
with TPG gear by species were: dolphins (1.1%), manatees (1.7%),
leatherback (11.8%), loggerhead (0.9%), green turtle (0.8%), hawks-
bill (0.8%) and Kemp’s ridley (0.7%). External TPG entanglements
most commonly occurred on the body (in particular the fluke/
peduncle insertion) for dolphins (55.6%), and on flippers for mana-
tees (37.3%) and sea turtles (39.6%). Additionally, two dolphin cases
showed TPG (buoy line) in the mouth during external examination;
upon further investigation from necropsy reports, an escape ring
from TPG was identified in the GI tract of one of these dolphins.
There were no cases of TPG ingestion in manatees or sea turtles.

No significant differences were found between life stage of fe-
male or male dolphins interacting with TPG when compared to life
stage of dolphins not interacting with gear. When the ratio of man-
atee female and male TPG related-strandings were compared to the
non-interaction female and male ratio, the proportion of females
entangled in TPG was statistically greater than expected and males
were statistically less than expected (p = 0.002). Furthermore, re-
sults showed that the ratio of stranded adult and juvenile female
manatees that interacted with TPG gear were statistically greater
when compared to the ratio of stranded non-interaction female
manatees (p < 0.01). No significant differences were found between
the life stage of stranded TPG and non-interaction male manatees.

TPG entanglement hotspots occurred in various locations
throughout Florida depending on the animal group. TPG hotspots
for dolphins (Fig. 2B) and manatees (Fig. 2D) were again found in
discrete locations, while sea turtle hotspots (Fig. 2F) encompassed
more counties throughout the state.

3.3. Fishing net

Beta regression analyses indicated the proportion of net interac-
tion strandings relative to total strandings for loggerhead sea



Table 1
Total number of fishing gear interaction cases for each species.

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

Sea turtles (Chelonioidea spp.)
Loggerhead (Caretta caretta)
Hook and line 16 19 18 12 21 24 37 24 31 26 25 16 37 306
Trap pot gear 13 4 7 3 3 9 10 0 2 8 7 3 8 77
Fishing nets 0 0 1 1 0 0 3 6 2 5 1 4 3 26
Multiple gear 1 0 0 1 2 2 1 1 0 0 0 0 1 9
Total 30 23 26 17 26 35 51 31 35 39 33 23 49 418

Green (Chelonia mydas)
Hook and line 32 30 28 24 21 27 46 24 32 33 32 31 50 410
Trap pot gear 2 4 2 2 3 6 0 1 1 3 5 4 7 40
Fishing nets 1 2 1 7 0 1 2 1 2 2 3 1 1 24
Multiple gear 0 0 1 0 0 0 0 0 0 1 1 0 4 7
Total 35 36 32 33 24 34 48 26 35 39 41 36 62 481

Leatherback (Dermochelys coriacea)
Hook and line 2 0 0 0 2 0 1 0 0 0 0 0 0 5
Trap pot gear 2 3 2 3 2 5 6 1 1 3 3 3 1 35
Fishing nets 0 0 0 0 0 0 0 2 0 0 0 0 0 2
Multiple gear 0 0 0 0 0 0 0 1 0 0 0 0 0 1
Total 4 3 2 3 4 5 7 4 1 3 3 3 1 43

Hawksbill (Eretmochelys imbricata)
Hook and line 2 2 1 0 1 0 1 2 2 0 3 7 1 22
Trap pot gear 1 0 0 1 0 0 0 0 0 0 1 0 0 3
Fishing nets 0 2 0 0 0 0 0 2 0 1 0 0 0 5
Multiple gear 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 3 4 1 1 1 0 1 4 2 1 4 7 1 30

Kemp’s ridley (Lepidochelys kempii)
Hook and line 1 1 5 5 6 7 5 0 4 5 5 3 9 56
Trap pot gear 1 3 0 0 0 1 0 0 0 1 0 1 0 7
Fishing nets 0 1 0 0 0 0 0 0 0 1 0 2 0 4
Multiple gear 0 0 0 0 0 0 0 0 0 2 0 0 0 2
Total 2 5 5 5 6 8 5 0 4 9 5 6 9 69

Olive ridley (Lepidochelys olivacea)
Hook and line 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trap pot gear 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fishing nets 0 0 1 0 0 0 0 0 0 0 0 0 0 1
Multiple gear 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 1 0 0 0 0 0 0 0 0 0 0 1

Unidentified sea turtle species
Hook and line 1 0 1 1 1 0 0 0 1 0 0 0 1 6
Trap pot gear 4 1 1 0 0 0 1 1 0 3 3 1 1 16
Fishing nets 0 0 1 0 1 0 0 0 1 1 0 0 0 4
Multiple gear 0 0 1 0 0 0 0 0 0 1 0 0 0 2
Total 5 1 4 1 2 0 1 1 2 5 3 1 2 28

Florida manatees (Trichechus manatus latirostris)
Hook and line 9 13 20 17 25 20 25 27 32 27 18 31 26 290
Trap pot gear 4 7 4 3 4 4 10 8 6 4 11 13 5 83
Fishing nets 1 1 0 1 0 0 0 0 0 1 0 0 1 5
Multiple gear 0 0 0 0 0 0 0 1 0 0 1 0 0 2
Total 14 21 24 21 29 24 35 36 38 32 30 44 32 380

Bottlenose dolphins (Tursiops truncatus truncatus)
Hook and line 3 2 4 4 11 7 11 7 5 16 9 13 5 97
Trap pot gear 2 4 1 0 1 3 1 3 1 2 3 4 2 27
Fishing nets 0 0 1 1 0 1 0 1 0 0 0 0 0 4
Multiple gear 0 0 1 0 0 0 0 0 0 1 0 2 0 4
Total 5 6 7 5 12 11 12 11 6 19 12 19 7 132
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turtles was increasing (p < 0.05); no significant trends were ob-
served for other species. External FN entanglements were most
commonly found on the body for dolphins (66.7%) and manatees
(40.0%), and on the flippers for sea turtles (26.4%). Based on exter-
nal examination, one stranded dolphin was found to have fishing
net in the mouth. Upon further investigation from necropsy re-
ports, 1 out of 4097 manatees and 1 of 1404 dolphins were ob-
served with net in the GI tract. Although FN entanglements were
found to occur throughout the state, only one hot spot region
was documented on the central east coast, from Volusia to Martin
counties, encompassing 47.7% of all FN strandings.
3.4. Multiple gear

No significant trends were observed for multiple gear entangle-
ment observations on manatees, dolphins or sea turtles. External
multiple gear entanglements for all species combined were on:
flippers (45.8%), the body (20.8%), multiple locations (16.7%), or
unreported locations (16.7%). Based on external examination, one
sea turtle case reported multiple gear types in the mouth and from
internal examination (at necropsy) one case was reported with
multiple gears in the GI tract. There was no obvious hotspot for
multiple gear entanglement strandings.
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Fig. 1. Number of (A) bottlenose dolphin and (B) Florida manatee interactions in the state of Florida, USA throughout 1997–2009, categorized by gear type, life stage, and sex.
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3.5. Seasonal analysis

Regression fits for generalized seasons were relatively poor.
Regression modeling for the high/low seasons suggested more fish-
ery gear interactions in summer/fall than in winter/spring for HL
entangled dolphins (Fig. 3A, R2 = 0.34), manatees (Fig. 3B,
R2 = 0.38), and sea turtles (Fig. 3C, R2 = 0.84). In all cases, observed
interactions were increasing across years (dolphins: byear = 0.0923,
v2 = 7.45, p < 0.01; manatees: byear = 0. 0553, v2 = 8.36, p < 0.01;
sea turtles: byear = 0.0285, v2 = 4.85, p < 0.05). Visual inspection of
the residuals suggests that the rate of increase for dolphins and
sea turtles may have been reduced since the early 2000s.

4. Discussion

The annual numbers of fishery gear interactions for dolphins,
manatees, loggerheads, and green turtles have increased through-
out the time series. This trend may be the result of several factors,
including changes in: fishing activities both inside and outside of
Florida, species behavior and habitat use, education and outreach,
case reporting from the public, data collection and the overall ef-
fort in stranding response. However, there was no change over
time in observed cases for hawksbills, Kemp’s ridleys, and leather-
backs, which are less frequently encountered turtle species in
Florida.

Fishery gear interactions are a result of either a passive or ac-
tive interaction. Passive interaction is defined when an animal is
free-swimming in the environment, not actively interacting with
the gear and becomes entangled. These entanglements may occur
simply by accident when an animal swims into line, while forag-
ing near projections that snag and accumulate gear or accidental
ingestion of free-swimming prey possessing hooks and/or line
that broke from a fisher’s rig. Active interaction is when an ani-
mal actively engages with the fishing gear, possibly to obtain food
or investigating a novel object. These entanglements can occur
during scavenging, begging, or depredating (i.e., taking baited
hooks or taking catch on hooks) from fishers (Cannon et al.,
1994; Rudloe and Rudloe, 2005; Zollett and Read, 2006; Powell
and Wells, 2011).

For dolphins, manatees, and sea turtles, it appears that behavior
plays a role in some portion of the cases of reported entanglement
interaction (Laist, 1996). Natural foraging strategies (passive inter-
action) may predispose manatees and sea turtles to entanglements,
while depredation (active interaction) is likely contributing to both
dolphin and sea turtle entanglements. Furthermore, manatees are
extremely tactile and the exploration of their surrounding



Fig. 2. Kernel density analysis on hook and line gear hot spots for (A) bottlenose dolphins, (C) Florida manatees, and (E) sea turtles. Kernel density analysis on trap pot gear
hot spots for (B) bottlenose dolphins, (D) Florida manatees, and (F) sea turtles.

2 Art. X, § 16, FLA. CONST.
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environment may also be a contributing factor in the likelihood of
becoming entangled (Reep and Bonde, 2006).

4.1. Hook and line

The most commonly observed fishery gear found among all spe-
cies in this study was hook and line. This is not surprising due to
the high volume of hook and line based fisheries in the study area
(U.S. Department of the Interior, 2011) and the implementation of
the Florida Net Ban Amendment2, which severely limited commer-
cial net fishing is state waters (see Section 4.3).

The majority of external HL cases for all species combined were
located around a flipper or on multiple locations on one animal;



Fig. 3. Generalized linear regression model fit (black line) to (A) bottlenose
dolphins, (B) Florida manatees, and (C) sea turtles hook and line, high-low season
entanglement observation data (circles) with 95% confidence limits (gray bands).
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however, differences in HL entanglement locations appeared when
animal groups were assessed individually. Multiple entanglements
on one animal may indicate individual propensities to elicit
specific behaviors which promote entanglement. Previous entan-
glement scars are also susceptible to additional entanglements
(USFWS Manatee Rescue, Rehabilitation and Release Database).
For example, flipper entanglements were greatest in sea turtles
and manatees, whereas dolphins had a greater incidence of entan-
glements on the peduncle or flukes, specifically at the fluke
insertion. Entanglements for all species occurred on appendages
which are used for navigation, propulsion, and/or maneuvering
(i.e., are in motion relative to the animal).

4.1.1. Dolphins
The majority of fishery-related stranded dolphins in Florida

were impacted by HL gear. Adult male dolphins had a greater num-
ber of HL interactions than expected. This finding is consistent with
other literature, suggesting that males are more likely to engage in
fisheries interactions such as depredation (Lopez et al., 2002; Kock
et al., 2006; Brotons et al., 2007; Powell and Wells, 2011). Depreda-
tion is a foraging strategy that can be easily exploited by a single
animal, thus lending itself to fit well with male life history patterns
and behavior since adult males tend to travel by themselves or in
pairs more often than females (Powell and Wells, 2011).

Dolphins may ingest gear during unnatural foraging behaviors,
such as depredation or scavenging (Powell and Wells, 2011). Over
50 cases reported HL gear either ingested or entangled orally, sug-
gesting dolphins may be actively interacting with fishing lines,
resulting in gear ingestion/entanglement and oftentimes death
(Gorzelany, 1998; Wells et al., 2008).

Popular recreational fishing spots can overlap with prime feed-
ing habitat for dolphins, as both fishers and dolphins often hunt for
the same fish species, resulting in spatial–temporal conflicts (Finn
et al., 2008). Furthermore, despite the illegality of feeding wild dol-
phins in the U.S., some boaters, fishers, and the general public con-
tinue to engage in this behavior in many places around Florida and
worldwide (Samuels and Bejder, 2004; Cunningham-Smith et al.,
2006). Illegal feeding attracts dolphins to boats and over time,
some individuals will learn to seek out fishers as a means of
obtaining food (Powell and Wells, 2011). This behavior is further
reinforced each time a fisher or boater intentionally feeds a dol-
phin, or unintentionally feeds an animal by releasing non-targeted
or undersized fish near a dolphin. Since dolphins are social learners
and can learn depredation and scavenging behaviors from other
dolphins (especially calves from their mothers), these behaviors
are likely to increase in heavily populated coastal areas (Nowacek,
2002; Mann and Sargeant, 2003; Wells, 2003).

4.1.2. Manatees
Entanglements are known to occur regularly for manatees (For-

rester et al., 1975; O’Shea et al., 1985; Beck and Barros, 1991;
USFWS Manatee Rescue, Rehabilitation and Release Database,
Unpublished Data). Derelict gear, such as hooks and line, often
snags and accumulates on natural and man-made objects in near-
shore environments where manatees often reside, increasing their
susceptibility to entanglement. In this study, manatees had a high
incidence of ingestion cases likely due to their feeding behavior.
We suggest manatees incidentally ingest fishery gear during indis-
criminate foraging in shallow habitats (e.g., mangroves, seagrass,
foliage debris patches, seagrass drift mats) where debris can accu-
mulate and become entwined in the food resources (i.e., sub-
merged, natant and emergent plants and algae) (Best, 1981).
Ingestion of fishing gear can cause impaction, peritonitis, intussus-
ception (Beck and Barros, 1991) and other indirect effects.

Active and passive tactile sensitivity, mediated by sinus hairs,
provides manatees with a sensory system suited for murky habi-
tats (Marshall et al., 2000; Reep et al., 2002; Marshall et al.,
2003). Visual and chemical limitations (Marshall and Reep, 1995;
Reep et al., 2002; Bauer et al., 2003; Reep et al., 2011) may require
manatees to be in close proximity or physically touching an object
in order to gain extensive information about the object. HL entan-
glement for most manatees is likely passive and accidental, due to
transparency of thin lines and the poor visual acuity described for
manatees (Bauer et al., 2003; Gaspard et al., 2012). Furthermore,
manatees may have limited tactile ability necessary to detect finer
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objects, such as monofilament, until it is actually wrapped around
a flipper, leading to a greater chance of entanglement and constric-
tion (Bauer et al., 2012).

Entanglement observations were less common among manatee
calves, as compared to juvenile and adult manatees, which are gen-
eralist feeders known to consume approximately 60 different spe-
cies of vegetation in marine, estuarine, and freshwater habitats
(Hartman, 1979; Bengtson, 1983) and spend a significant portion
of their day feeding. Entanglement of calves could be low due to
nursing, thus reducing the chances of gear interactions during for-
aging. As suggested for other species, the high incidence of entan-
gled juvenile manatees may be attributed to general inexperience
(Dau et al., 2009), their inquisitive and curious disposition
(Pemberton et al., 1992; Page et al., 2004), or unrefined motor skills
(Fertl and Leatherwood, 1997; Wells et al., 1998).

4.1.3. Sea turtles
Overall, about 5% of the stranded sea turtles documented during

the study period were observed with either fishing line or a fishing
hook. This rate of occurrence was similar to that found in some
studies (3–7%; Plotkin and Amos, 1988; Chaloupka et al., 2008),
but much lower than that of other studies (about 20–50%; Oros
et al., 2005; Casale et al., 2010). We suspect the turtles in the pres-
ent study primarily interacted with HL gear from recreational fish-
ing or commercial charter fishing, as was often evidenced by the
lightweight nature of the gear that was found on the turtles. We
believe that the stranded sea turtles found in Florida probably un-
der-represented interactions with most commercial HL gear. Pela-
gic and bottom longline commercial fisheries are known to
incidentally capture large numbers of sea turtles in the southeast-
ern U.S. (Lewison et al., 2004; Finkbeiner et al., 2011), but these
fisheries are prohibited in Florida state waters. Sea turtles that
interact with these commercial HL fisheries beyond state waters
would be less likely to strand along the coast of Florida than those
turtles that interact with HL gear from the numerous inshore and
nearshore recreational fishing in Florida (see Hanson and Sauls,
2011). The relatively low percentage of stranded leatherbacks in
our study with HL gear (1.6%) may corroborate the presumption
that we were not likely to document interactions with most com-
mercial HL fisheries. Leatherbacks are regularly captured in long-
line fisheries (Lewison et al., 2004), but have not been known to
be incidentally captured by recreational hook and line fishermen
in Florida (FWC, Unpublished data).

Sea turtles are known to ingest baited hooks during feeding.
Kemp’s ridleys may be the most vulnerable to this interaction
(Cannon et al., 1994; Rudloe and Rudloe, 2005). Nevertheless,
stranded green turtles in the present study had a higher rate of
HL interactions than stranded Kemp’s ridleys (7.7% vs. 4.2%, respec-
tively). In addition to ingesting baited hooks, green turtles were
more commonly found to ingest and to entangle in fishing line.
This may be in part because the green turtle is the only herbivorous
species (Bjorndal, 1980), perhaps being particularly susceptible to
interactions with fishing line while grazing on seagrass or algae.

4.2. Trap pot gear

While not as prevalent as hook and line entanglements, TPG is a
common source of entanglement in Florida. Blue crab, lobster, and
stone crab are the most abundant fisheries using trap pot gear in
Florida (Florida Fish and Wildlife Conservation Commission,
http://myfwc.com/research/saltwater/crustaceans-marine-arthro-
pods/, accessed 23.07.13). For example, in 2009 approximately
16.4 million pounds of shellfish were harvested from commercial
fisheries totaling over $45.5 USD million in value (FWC, 2011).
The blue crab pot fishery is considered one of the largest commer-
cial fisheries in the state, as crabs are harvested throughout the
year and from a variety of nearshore habitats (Steele and Bert,
1998; Steele and Perry, 1990). The most recent estimates value
statewide landings at over $10 million USD (Florida Fish and Wild-
life Conservation Commission, http://myfwc.com/media/2515034/
sumstate_12.pdf, accessed 23.07.12).

TPG is easier to observe on wild animals than HL gear. Many
entangled manatees included in this study oftentimes had gear re-
moved in situ versus needing to bring the animal into captivity for
additional assistance. We suggest that interaction with TPG is both
active and passive for the focal species in this study. TPG was most
commonly found on the flippers for turtles and manatees, while it
was found most commonly on the body of dolphins. Undocu-
mented locations of gear on animals were also common, and likely
due to incomplete reporting. TPG was not found to be ingested by
manatees and sea turtles and only two cases for dolphins were re-
ported. This is likely due to the size of the gear and the fact that un-
like the transparent nature of monofilament, trap pot rope may be
easier to detect in the aquatic environment.

4.2.1. Dolphins
Dolphins likely entangle in the trap pot line accidently, either

through passive or active interaction with the trap-pot and line/
buoy rig (McFee et al., 2007). Dolphins have been observed feeding
around pots (Noke and Odell, 2002), and are believed to be at-
tracted to fish that aggregate around the pot and line/buoy. In
some instances dolphins have been observed pot-tipping in an at-
tempt to get at the bait inside the trap (Noke and Odell, 2002; Hay-
mans, 2005). Noke and Odell (2002) suggest that entanglements in
TPG may correspond to seasonal pot fisheries and the density of
pots in a given area. Noke and Odell (2002) also found that location
of the traps played a significant role in the number of crab pot
interactions that occurred. In some areas where traps are dense
it is possible that dolphins do not detect a buoy line in murky
water or waters with strong and/or variable currents. This could
lead to an accidental encounter with the buoy line that may entan-
gle on the body or flukes as they attempt an avoidance maneuver.
Additionally, McFee et al. (2007) found that the type of buoy line
used in the TPG can have implications to the rate of entanglement
for dolphins. Unlike other focal species in this study, dolphins com-
monly entangle around the fluke/peduncle insertion (Burdett and
McFee 2004). Once entangled in TPG dolphins may drown due to
the weight of the gear, or drag the gear which is energetically
costly, and often leads to death or serious injury if not assisted
(Wells et al., 2008).

4.2.2. Manatees
Trap pot gear, specifically from the blue crab fishery, is com-

monly found on manatees. In contrast to fishing line entangle-
ments, which are likely accidental, we hypothesize that the
inherent curiosity of manatees is a driving force in many TPG
entanglements. Trap pot gear interactions may be the result of ac-
tive investigation of a novel object that eventually leads to acciden-
tal entanglement (Bowles and Anderson, 2012). Captive and wild
manatees are often observed exploring their environment in a tac-
tile manner, including fishing gear such as trap pots, floats, nets
and various types of line, via mouthing, playing, manipulating with
flippers, and rubbing and resting against objects in water, (Bowles
et al., 2001; Kikuchi et al., 2011; Williams et al., 2011). Flipper
entanglements may also occur when the animal first ‘‘feels’’ the
constriction and attempts to free itself. For example, when captive
manatees detected trap pot line wrapped around the flipper or
body, they spin in an effort to remove the gear, often exacerbating
their entanglement (Bowles et al., 2001).

It has also been hypothesized that female manatees use trap
line to rub irritated mammary glands (Beck and Barros, 1991),
making them more susceptible to entanglements. Furthermore,
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teat location could also increase the likelihood of a line getting
trapped under the flipper. These suggestions may support why fe-
male manatees were found to have a higher rate of entanglement
than males. This may also support why flipper entanglements were
highest for TPG versus other locations observed on manatees. Juve-
nile females may entangle in TPG because they lack the force (i.e.,
size) required to dislodge gear and remain entangled, as hypothe-
sized for some cetacean species (Lien, 1994; Cassoff et al., 2011)

Flipper injuries/scars are common for manatees. For example,
current data of photo-documented manatees indicates that a min-
imum of 24.8% for the northwest region, 17.2% for Atlantic coast
region, 15.6% for the Upper St. Johns River region, and 2.5% in the
southwest region have flippers injured or missing due to a chronic
entanglement incident (Manatee Individual Photo-identification
System USGS, Sirenia Project; FWC, Fish and Wildlife Research
Institute; Mote Marine Laboratory, Unpublished data). Scar healing
properties on manatees may increase entanglement susceptibility
over time, as scar tissue in the axilla region of the flipper is more
likely to become re-entangled. Additionally, entanglement in fish-
ery gear continues to be one of the major causes for manatee inter-
vention in Florida; the success rate for in situ and captive care
cases is high, however, partners expend numerous resources and
expense every year to assist each entangled animal (USFWS Man-
atee Rescue, Rehabilitation and Release Program, Unpublished
data). In those cases where intervention does not occur, animals
may slowly ‘‘self-amputate’’ from chronic entanglements that cut
through tissues and into the bone.
4.2.3. Sea turtles
The percentage of stranded leatherbacks entangled in TPG (al-

ways involving the buoy line) was 11.8%, yet was less than 1% for
all other species. Entanglement of this particular species in TPG
has also been observed in other studies (James et al., 2005; Laporta
et al., 2006). Leatherbacks forage more commonly in the water col-
umn than the other sea turtle species (Bjorndal, 1997), and this
activity likely increases the probability that they encounter the
buoy lines of TPG. We expected that loggerheads would have a rel-
atively high rate of TPG entanglement because they are known to di-
rectly interact with trap pots in an attempt to feed on the bait or
catch inside (Avissar et al., 2009a,b); however, this was not the case.
We also found no change in the annual percentage of stranded log-
gerheads entangled in TPG during our study period despite efforts
that were initiated in the 1990s to reduce the numbers of trap pots
set for spiny lobsters in Florida (Muller et al., 1997). Trap numbers
peaked at 939,000 in 1991, but were reduced to about 500,000 by
2005 (Muller et al., 1997; FWC, Unpublished data).
4.3. Fishing nets

The incidence of reported fishing net interactions was minimal
for all species and remained stable over the time series, except for
loggerhead turtles which exhibited an increase. This is likely the
result of the Florida Net Ban Amendment3 implemented in Florida
waters in 1995 which limited net fishing to bully, frame, dip, seine,
and cast nets no larger than 500 square feet of mesh area and pro-
hibited the use of all entangling nets in Florida waters. These net
types are generally tended actively by the user, thus likely reducing
the chance of entanglement. Furthermore, tended nets may also
facilitate the immediate release of an animal by the fisher, and are
likely not reported to authorities. When cases were observed and re-
ported, fishing net entanglements were commonly found on the
body and flippers.
3 Art. X, § 16, FLA. CONST.
4.3.1. Dolphins
Dolphins had seven instances of reported net entanglements

between 1997 and 2009 which occurred after the 1995 Florida
net ban implementation. In states such as North Carolina, with
active gill net fisheries, dolphin entanglements continue to be
problematic and mitigation methods continue to be explored
(Cox et al., 2003; Waples et al., 2013). Fortunately, as evidenced
by the stranding record, the net ban in Florida has almost entirely
eliminated the impacts of net entanglements for dolphins in near-
shore waters. However, these data likely do not illuminate the im-
pacts of federal net-based fisheries, which occur further offshore,
as the probability of carcass detection in offshore waters is extre-
mely low (Williams et al., 2011).

4.3.2. Manatees
Manatees had five reported instances of net entanglements after

the 1995 Florida net ban. Manatee net entanglements likely still oc-
cur in low numbers due to the frequent use of cast nets in shallow,
near-shore, coastal manatee habitats, including rivers, spring sys-
tems, and open-access lakes. We suggest manatee interaction with
FN may be passive or active, depending on the individual and the cir-
cumstances. Although visual acuity is poor, some manatees may be
able to see nets in the aquatic environment. For example, captive
manatees presented with net-like obstacles have been documented
swimming more often into these objects during the night, whereas a
greater number of avoidance behaviors were recorded during the
day (Kikuchi et al., 2011). Active interaction may also occur with
FN, in which animals will explore them tactilely as they do with
TPG. This activity is likely influenced by the ease at which manatees
often travel successfully through surrounding mats of aquatic
vegetation while feeding without becoming tangled. Nets may
therefore be perceived by manatees as vegetation in the water.

4.3.3. Sea turtles
Only 66 (0.4%) of the stranded sea turtles in the present study

were found entangled in fishing nets. There are commercial net
fisheries operating in the southeastern U.S. that do incidentally
capture sea turtles (Finkbeiner et al., 2011); however, most are
prohibited in Florida state waters. We believe this is the most likely
reason for the small number of FN interactions documented in the
stranded sea turtles from Florida as compared to higher net entan-
glement rates (range 5–35%) reported in other regions (Plotkin and
Amos, 1988; Oros et al., 2005; Chaloupka et al., 2008; Casale et al.,
2010). We did note a statistical increase in the number of FN inter-
actions documented among stranded loggerheads during our study
period, however, this was minor (from an average of about one
documented FN interaction per year to an average of about three
FN interactions per year) and may have been a sampling artifact.

4.4. Hot spots

Fishing gear interactions for manatees, dolphins, and sea turtles
were found throughout the inland, intracoastal, and coastal water-
ways of Florida, where these species reside and fishing occurs. The
areas of HL fishery interactions occur in a broader range than any
other gear type, essentially covering every coastal county. This
may be due to the sheer number of fishers, accessibility of fishing
grounds and broad habitat use of target species. Aggregate hot
spots for fishery gear interactions for all species included: (1)
Escambia, Santa Rosa and Bay counties, (2) Hillsborough and
Pinellas counties south to Lee County, and (3) Volusia County south
to Broward County. Many of these areas are known for their high
commercial and recreational HL fishing activities (Florida Fish
and Wildlife Conservation Commission, http://myfwc.com/re-
search/saltwater/fishstats/, accessed 23.07.13). Hot spot counties
such as St. Lucie, Palm Beach, Martin, Lee, Pinellas, Manatee and
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Bay, corresponded with several top counties for commercial finfish
landings using HL (Florida Fish and Wildlife Conservation Commis-
sion, http://myfwc.com/research/saltwater/fishstats/, accessed
23.07.13). Brevard, Broward, Volusia, Pinellas, Hillsborough, Lee
and Palm Beach counties correlate with some of the highest counts
of registered boaters in the State of Florida (Florida Department of
Highway Safety and Motor Vehicles, http://www.flhsmv.gov/dmv/
vslfacts.html, accessed 23.07.13). Brevard County was the only HL
hot spot common for all animal groups in this study, which may be
explained by the high commercial finfish license sales and land-
ings, as well as registered boaters for this coastal county.

The southwest region may be a hot spot for dolphin fishery HL
entanglements due to consistent harmful algal blooms, which have
been known to increase levels of depredation due to reduced prey
availability (McHugh et al., 2011; Powell and Wells, 2011). As tem-
peratures rise, issues with climate change and global warming may
also influence the incidence of this type of stress on the environment.
The Florida Keys is a hot spot for manatee HL entanglements. High
fishing pressure and extensive shallow environments support the
accumulation of excessive amounts of fishery gear around piers,
bridges, rocky shorelines, and reefs which may contribute to this
location as a hot spot. Furthermore, finfish license sales and commer-
cial landings in Monroe County are consistently among the highest in
the state (Florida Fish and Wildlife Conservation Commission, http://
myfwc.com/research/saltwater/fishstats/, accessed 23.07.13).

TPG entanglement hot spots were most common in areas with
high commercial TPG license sales, such as Pinellas County (Florida
Fish and Wildlife Conservation Commission, http://myfwc.com/re-
search/saltwater/fishstats/, accessed 23.07.13). The highest density
of blue crab landings for commercial fishers corresponds to several
of our identified hot spot areas where landings have been highest
including Lee, Charlotte, Brevard, and Monroe counties and to a
lesser degree, Citrus and Pinellas counties, which have decreased
in recent years (Florida Fish and Wildlife Conservation Commis-
sion, http://myfwc.com/research/saltwater/fishstats/, accessed
23.07.13). Brevard County was a hot spot for manatees and dol-
phins, and to a lesser degree, turtles. Monroe County was a hot spot
for dolphins and turtles. This area is consistently among the lead-
ers in commercial trap pot license sales and landings and is the
most important area in the state for TPG invertebrate fisheries
(Adams, 1992; Florida Fish and Wildlife Conservation Commission,
http://myfwc.com/research/saltwater/fishstats/commercial-fisher-
ies/landings-in-florida/, accessed 23.07.13). Citrus County was only
a hot spot for manatees. Citrus County holds extensive spring sys-
tems where wintering manatees from the northwest region aggre-
gate and has a local economy built around manatee tours, thus
increasing opportunities for entanglements to be observed and re-
ported. There were too few documented interactions with FN to
identify hotspots with any confidence.

Hot spot information can assist the focus of management ac-
tions and prioritize stranding response in areas with high overlaps
of fishery actions and where marine fishery debris is known to
accumulate (Wallace, 1985; Williams et al., 2011). Data biases
for hot spots may be present because stranding records may not
accurately reflect where an animal actually became entangled with
fishery gear, and regional data may be biased towards areas with
high human population were observations and reporting are more
common, versus more isolated coastal areas. Additionally, regions
with high densities of human population have a greater degree of
recreational fishing activity which may contribute to the preva-
lence of regional fishery interaction cases (Dau et al., 2009).

4.5. Seasonal entanglements

Higher reported interactions with HL gear were observed in the
summer/fall season for dolphins, manatees, and sea turtles, which
is not surprising, as favorable weather conditions and an influx of
tourism leads to the highest commercial and recreational fishing
pressure during this period (Farmer, Unpublished data). However,
increased stranding observations during the summer/fall period
may also be an artifact of reporting, as there are likely more recre-
ational users of beaches and coastal waters who might notice a
stranded animal during this time of year.

5. Conclusions and management recommendations

This is the first detailed, comprehensive analysis of fishery gear
on/in stranded dolphins, manatees and sea turtles in Florida. Cases
reported here are considered minimum estimates based on several
natural and human factors including, but not limited to: (1) unre-
ported/unobserved cases, (2) animal accessibility, (3) the mobility
of live entanglements, (4) detectability in aquatic habitats, (5)
inability to determine gut contents in live animals, (6) decayed
necropsy evidence, (7) limited staff and resources, and (8) the reli-
ability of initial public reports (Williams et al., 2011). These issues
are further complicated by the inability to distinguish derelict fish-
ing gear from active gear, and whether the incident was generated
by commercial or recreational fishery activities.

Reducing fishery gear impacts is a conservation priority for
cetacean, manatee, and sea turtle managers in the United States.
The Marine Mammal Protection Act prohibits take (i.e. serious in-
jury or mortality) and the Endangered Species also prohibits take
(e.g. harass or harm of a listed species) therefore requiring mitiga-
tion and reduction of commercial fisheries bycatch to insignificant
levels. Also, the Inter-American Convention for the Protection and
Conservation of Sea Turtles (USA is a signatory) has Article IV 2 h:
The reduction, to the greatest extent practicable, of the incidental
capture, retention, harm or mortality of sea turtles in the course
of fishing activities, through the appropriate regulation of such
activities, Furthermore, effective conservation and recovery strate-
gies are necessary to assess threats based on robust data sets (Read
et al., 2006; Runge et al., 2007b; USFWS, http://www.fws.gov/
northflorida/, accessed 27.01.14; Hamann et al., 2010).

Although growing international concern about the effects of
entanglements on marine mammal and sea turtle populations has
led to research and management measures to mitigate entangle-
ments (Johnson et al., 2005; Moore and Van der Hoop, 2012), im-
pacts to wildlife continue to be a concern both locally and
globally. We suggest exploring the possibility of a fishery fund to re-
duce the incidence of marine fishery gear interactions with wildlife.
Funding could be generated from a nominal percentage collected
from all fishing license fees sold to: (1) increase coordination with
the fishing industry, (2) support research for gear modification, (3)
assist with debris removal efforts, (4) increase education and out-
reach initiatives, and (5) enhance response, provide monitoring
and standardize reporting. Funding could also support the creation
of a full-time statewide entanglement coordinator to facilitate
initiatives to reduce fishery gear hazard impacts on wildlife,
organize fishery gear removal efforts from the environment, lead
education and outreach efforts and increase collaboration on
entanglement issues amongst conservation agencies. We encourage
managers and conservation organizations to consider these
initiatives to enhance future preservation of these protected and
vulnerable species.

Between 1960 and 2008 Florida experienced a 261.6% increase in
human population along the coastline, with over 75% of the popula-
tion living within coastal counties (Wilson and Fishetti, 2010). Im-
pacts on watersheds and coastal habitats will certainly continue
into the foreseeable future, requiring a greater focus on solutions
to protect Florida’s natural resources and imperiled wildlife.
Managers should encourage cost-effective and efficient gear
modifications, pragmatic and incentive-based programs for the
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identification, recovery and removal of discarded gear for recycling
(Shomura and Yoshida 1985; Shomura and Godfrey 1990; Laist,
1996), increased disposal compliance (Laist, 1996) and incentives
to use ‘‘wildlife friendly’’ or biodegradable products (Page et al.,
2004). Greater coordination and collaboration with the fishing
industry to investigate gear modifications may reduce fishery
impacts and associated injury and mortality to wildlife species
(Johnson et al., 2005, 2007; Benjamins et al., 2012). Line free trap
pots (other than grappling which causes significant damage to the
live substrate), stiffer trap pot lines, brighter lines for greater
visibility detection and alternating color schemes (i.e., pattern on
rope) in low light conditions have all been proposed as methods
to reduce entanglements. Education and outreach might focus on
retrieval and proper disposal of old gear, with incentive programs
to increase awareness and encourage compliance (Shomura and
Godfrey, 1990). Fishery debris removal efforts should be conducted
on a regular basis and approached systematically to standardize
data information and collection methods (Alaska Sea Grant,
1988). An increase in response, monitoring, and standardized
entanglement reporting will assist in better understanding the
prevalence and impacts of fishery gear and how to effectively
manage these impacts on wildlife, while balancing the needs of
fishing interests and human population growth (Shomura and
Godfrey, 1990).

Fishery gear is a global problem impacting a vast number of
species which are unintentionally captured or entangled (Perrin
et al., 1994; Tasker et al., 2000; Baum et al., 2003; Ferraroli et al.,
2004; Read et al., 2006; Benjamins et al., 2012). Although
entanglement may not significantly reduce abundance of certain
wildlife populations, some species, such as those in this study,
may be more vulnerable to fishery gear entanglement (Volgenau
et al., 1995; Song et al., 2010). The intention of this analysis was
to provide conservation managers with information on the
prevalence of fishing gear hazards in Florida and the location of
‘‘hot spots’’ posing the greatest threat of impact to wildlife. Future
efforts should focus on solutions to reduce fishery gear interactions
including those from derelict gear. These issues are expected to
increase as the human population escalates along the coast, raising
pressures on watershed resources and habitats. A multi-faceted
management approach is necessary to reduce entanglement
impacts to wildlife species and the environment, decrease human
hazards, and minimize stranding network and rehabilitation costs
for assisting injured and imperiled wildlife.
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