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Abstract anthropogenic pressure on population dynamics 
for stocks occurring in NC waters.

Common bottlenose dolphins (Tursiops trun-
catus) in North Carolina (NC) are vulnerable to Key Words: bycatch, strandings, fisheries inter-
fisheries bycatch (fisheries interactions [FI]), par- actions, age-class, mortality, bottlenose dolphin, 
ticularly in gillnets. Although observed bycatch Tursiops truncatus
is relatively rare, strandings with evidence of FI 
are common and can be used to evaluate relative Introduction
levels of and influences on bycatch. Strandings 
from 1997 through 2012 that had evidence of Common bottlenose dolphins (Tursiops trunca-
FI (n = 191) or had no evidence of any type of tus) are vulnerable to bycatch in a variety of fish-
human interaction (n = 170) were evaluated to ing gears throughout their range (Noke & Odell, 
assess effects of possible predictor variables (i.e., 2002; Díaz López, 2006; McFee et al., 2006; 
sex, age-class, season, area, and time period [TP]) Wells et al., 2008; Byrd & Hohn, 2010; Allen 
on whether a stranding was FI (bycatch risk). Due et al., 2014; Byrd et al., 2014; Waring et al., 2016; 
to sample size constraints, contingency tables Zappes et al., 2016). The circumstances around 
assessed variables singularly, and significant vari- how a dolphin becomes entangled in gear are often 
ables were used in a Generalized Linear Model. a mystery as these events are rarely observed. 
Bycatch risk varied among three sequential TPs Bottlenose dolphins may not always acoustically 
with a significant decrease between TP1 and TP2 or visually detect gear and inadvertently swim into 
coincident with regulations that effectively closed it (Mooney et al., 2007), although they have been 
the NC spiny dogfish (Squalus acanthias) gillnet seen changing the direction of travel to avoid both 
fishery. Bycatch risk increased slightly during gillnets (Read et al., 2003) and stop nets (Byrd & 
TP3 despite implementation of the Bottlenose Hohn, 2010). Dolphins may herd fish toward nets 
Dolphin Take Reduction Plan, perhaps due to to prevent their escape when foraging (Cox et al., 
regulatory changes allowing for increased spiny 2003), which could lead to occasional entangle-
dogfish effort. During TP2-3, more male than ments. Incidental entanglements may also be a 
female strandings were recovered (p = 0.0224), result of dolphins’ attempts to remove prey from 
but sex did not affect bycatch risk. Age-class (p < fishing gear (depredation).
0.0001) and season (p = 0.0308) were significant Depredation has been documented for gillnets 
predictors of bycatch risk. Bycatch risk of older in North Carolina (NC) (Read et al., 2003), gillnets 
calves and subadults was 1.5 (summer) to 3.5 and trammel nets in the Balearic Islands (Brotons 
(spring) times greater than for an adult or young- et al., 2008), trammel nets in Sardinia (Lauriano 
of-year. Thus, young dolphins surviving past their et al., 2004), crab pots in Florida (Noke & Odell, 
first year of life, which typically experience low 2002), and hook-and-line gear in Florida (Zollett 
natural mortality, are experiencing fishery-related & Read, 2006; Powell & Wells, 2011). Bottlenose 
mortality at levels that appear to exceed natural dolphins also depredate trawlers and feed on dis-
mortality, at least as determined from stranding cards or prey stirred up by or attracted to the gear 
data. Bycatch risk was not affected by area despite (Corkeron et al., 1990; Fertl & Leatherwood, 1997; 
spatial differences in the relative abundance of Gonzalvo et al., 2008; Jaiteh et al., 2013; Kovacs 
dolphins and gillnet effort. Additional studies are & Cox, 2014). Bottlenose dolphin depredation 
needed to determine the long-term effects of this may not simply be during chance encounters with 
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gear; in some cases, dolphins follow fishing ves- of bycatch (Waring et al., 2016; Lyssikatos & 
sels out to where they set or retrieve gear (Fertl Garrison, in press). Only the coastal and estuarine 
& Leatherwood, 1997; Hagedorn, 2002; Noke gillnet fisheries, however, have observer coverage, 
& Odell, 2002; NC commercial fishermen, D. with recent coverage ranging from 3% in coastal 
Beresoff, pers. comm., 30 November 2004, and waters (federal observer coverage; Lyssikatos & 
P. Biermann, pers. comm., 6 November 2015). Garrison, in press) up to 7 to 10% in estuarine 
While depredation may provide an abundant food waters (state observer coverage starting in 2010; 
source with relatively low energetic costs, this U.S. Department of Commerce, 2013).
behavior can be a potentially dangerous one due Observed bycatch is statistically rare (Lyssikatos 
to risk of entanglement. The co-occurrence of & Garrison, in press); for example, fisheries observ-
fisheries and dolphin species, whether depreda- ers have never documented bottlenose dolphin 
tion is involved or not, may be because both are bycatch in estuarine waters and have documented 
user groups targeting the same prey (Friedlaender only four dolphins as bycatch in coastal waters 
et al., 2001; Lassalle et al., 2012). between 2010 and 2015 (Lyssikatos & Garrison, 

Fisheries bycatch of bottlenose dolphins and in press). With so few documented bycatch events, 
other marine mammals has been documented little is known about the events themselves, but 
by official observers (National Marine Fisheries some proportion of dolphins bycaught in fishing 
Service [NMFS], 2004; Allen et al., 2014; gear wash ashore as strandings. Between 1997 and 
Lyssikatos & Garrison, in press) and, to a lesser 2008, 17% of all coastal bottlenose dolphin strand-
extent, by fishers who report its occurrence volun- ings (n = 1,039) in NC exhibited evidence of FI 
tarily or when interviewed (Lien et al., 1994; Díaz with some type of gear (Byrd et al., 2014). In fact, 
López, 2006; Allen et al., 2014; Waring et al., 2016; strandings positive for FI made up 50% of strand-
Zappes et al., 2016). Data from observer programs ings for which it was possible to determine whether 
are used to provide an estimated level of bycatch or not an interaction occurred. As a result, stranding 
(also called take) to compare to management goals. data provide an opportunity to address questions 
However, observer coverage is often limited or related to bycatch events that cannot be addressed 
absent because it is expensive and not feasible for using available observer data.
some fisheries (Moore et al., 2009; Byrd & Hohn, Understanding the exact nature of dolphin 
2010). As a result, much of the evidence for bycatch interactions with fisheries is difficult, but some 
comes from examining stranded animals for evi- factors can be examined that may offer clues 
dence of bycatch (fisheries interactions [FI]) such regarding influences on the risk of bottlenose dol-
as attached gear and entanglement lesions (i.e., phins becoming entangled. In NC, for example, 
unhealed, linear lacerations or indentations in the stranded bottlenose dolphins with signs of FI have 
skin) (Kuiken et al., 1994; Cox et al., 1998; Read & had a spatial or seasonal component associated 
Murray, 2000; López et al., 2002; Byrd et al., 2008; with coastal gillnet fisheries targeting particular 
Fruet et al., 2012). FI strandings cannot always be species such as spot (Leiostomus xanthurus) and 
used to identify gear type or to extrapolate into total spiny dogfish (Squalus acanthias) (Friedlaender 
bycatch levels; however, the occurrence and rela- et al., 2001; Byrd et al., 2008, 2014). In fact, 
tive levels of strandings are informative (Kuiken when state and federal Fishery Management Plans 
et al., 1994; Cox et al., 1998; Byrd et al., 2008). (FMPs) for spiny dogfish significantly reduced 

Bycatch of the coastal form of bottlenose dol- gillnet fishing effort in NC starting in November 
phins (Mead & Potter, 1995; Hoelzel et al., 1998; 2000, reductions in estimated bycatch from 
Rosel et al., 2009) has been documented along observer data were mirrored with reductions in 
the mid-Atlantic coast of the U.S. by fisheries FI strandings (Byrd et al., 2008). Less is known, 
observers and by stranding networks that recover however, about factors affecting selectivity of 
stranded animals with gear attached or entangle- bycatch such as age-class or sex. Studies outside 
ment lesions (Friedlaender et al., 2001; Byrd et al., of NC have purported that male bottlenose dol-
2008; Waring et al., 2016). This bycatch is of con- phins, especially young males in some cases, are 
cern for the conservation of local stocks, which is more likely to engage in depredation or related 
particularly acute in North Carolina (NC) because behaviors (Corkeron et al., 1990; Powell & Wells, 
of the small population sizes of two estuarine resi- 2011) or become entangled in gear (Reynolds 
dent dolphin stocks that seasonally overlap with et al., 2000; Adimey et al., 2014). The objec-
two coastal migratory dolphin stocks in coastal tive of this study was to examine quantitatively 
waters (Gorgone et al., 2014; Urian et al., 2014; whether there was differential risk of bycatch by 
Waring et al., 2016). Eight commercial fisheries in sex and age-class, controlled for variables previ-
NC are known to interact with bottlenose dolphin ously demonstrated to have a significant effect on 
stocks (U.S. Department of Commerce, 2016). The strandings: a marked reduction in spiny dogfish 
coastal gillnet fishery is the primary known source gillnetting effort, geographic area, and season.
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Methods 1993; Fernandez & Hohn, 1998). Young-of-Year 
(YOY) are highly dependent on mothers as nutri-

Basic “Level A” data (e.g., species, geographic tional weaning has not occurred (Wells, 2014), 
position, length, and sex; Geraci & Lounsbury, with predicted lengths up to 183 cm. Older calves 
2005) on stranded bottlenose dolphins in NC are between 1 and approximately 3 y of age and 
from 1997 through 2012 were obtained from generally are still associated with their mothers 
the National Marine Fisheries Service (NMFS) (Wells, 2014), with predicted lengths of 184 to 
Marine Mammal Health and Stranding Response 211 cm. Subadults are sexually immature ani-
Database. For information regarding the strand- mals generally independent from their mothers, 
ing response effort in NC and data collection although some animals may associate with their 
protocols, see Byrd et al. (2014). Data from 2013 mothers for up to 6 y (Wells, 2014), with predicted 
to 2015 were excluded due to the high level lengths of 212 to 240 cm. Adults are > 240 cm; the 
of increased natural mortality as a result of an same cut point was used for males and females 
Unusual Mortality Event starting in 2013 (NMFS, even though there is sexual dimorphism in length 
2015). Stranding records were examined first for (Read et al., 1993; Fernandez & Hohn, 1998). 
their assignment of human interaction (HI) catego- Lastly, strandings were assigned to one of three 
ries: Yes, No, or Could Not Be Determined (CBD) time periods that represented significant temporal 
(Read & Murray, 2000). Then, strandings positive events. Time Period (TP) 1 included data from 
for HI were also scored positive for fisheries inter- January 1997 to October 2000, which was before 
action (FI) when the evidence was the presence the FMPs for spiny dogfish were implemented 
of entanglement lesions and/or attached gear, or (Byrd et al., 2008). TP2 included data from 
they were scored as HI-Other when the evidence November 2000 to April 2006, which was after 
was non-fisheries related (e.g., mutilation without implementation of the spiny dogfish FMPs but 
entanglement lesions or propeller wounds) (Byrd before implementation of the Bottlenose Dolphin 
et al., 2008). Assignments to an HI category were Take Reduction Plan (BDTRP) to reduce bycatch 
made or routinely reviewed by experienced staff in coastal gillnets (U.S. Department of Commerce, 
with substantial backgrounds and training to iden- 2006). Finally, TP3 included data from May 2006 
tify evidence for different types of HI. For this to December 2012, which was after implementa-
study, only strandings that were scored positive tion of the BDTRP. 
for FI (except for healed FI lesions) or negative for A Generalized Linear Model (GLM) (SAS PROC 
any type of HI (No) were included; thus, all CBD LOGISTIC, link=logit) was used to determine the 
and HI-Other strandings were excluded. Data were effect of possible predictor variables on the risk of 
further excluded if body length measurements a stranding being FI vs No (hereafter referred to as 
were estimated, if they were from a partial carcass, bycatch risk). Sample size did not allow for all vari-
or if the sex was unknown. Because of high natural ables to be examined simultaneously. Therefore, 
mortality of neonates (Fernandez & Hohn, 1998), each variable was tested separately using con-
bottlenose dolphins <125 cm were excluded from tingency tables coupled with post-hoc multiple 
the analysis to prevent the pulse (sharp increase) of comparison tests, analysis of standardized residu-
neonates in spring from biasing the analyses (Byrd als, or analysis of means for proportions (Nelson 
et al., 2014). Analyses were conducted with SAS, et al., 2005). Variables were considered for the final 
Version 9.4, and JMP, Version 11.2.1. model if they were independently significant.

A suite of possible predictor variables was 
evaluated to determine their effect on a stranded Results
dolphin being FI: season, area, habitat (coast or 
estuary), sex, age-class, and time period. The From 1997 through 2012, 1,368 bottlenose dolphin 
variables season, area, and habitat were chosen strandings were recovered in NC (annual mean = 
on the basis of known spatio-temporal variation in 85.5, SD = 17.4). Of those, 60% (n = 821) were 
fishing activity (Steve et al., 2001). Seasons were categorized as CBD (annual mean = 51.3, SD = 
defined as follows: winter (December-February), 8.6). Of the remaining 547 strandings, 42% (n = 
spring (March-May), summer (June-August), 229) were categorized as FI (annual mean = 14.3, 
and fall (September-November). Strandings were SD = 7.1), 50% (n = 274) were categorized as No 
plotted in ArcMap, Version 10.2.1, to determine for HI (annual mean = 17.1, SD = 5.8), and 8% (n 
habitat (coastal or estuarine); coastal strandings = 44) were categorized as having evidence of HI 
were further assigned to one of seven geographic other than FI (annual mean = 3.1, SD = 2.0). For 
areas (C1 to C7) (Figure 1). Strandings were the analysis, 142 of the 503 strandings classified as 
assigned to one of four age-class categories, cor- FI or No were excluded because they did not meet 
responding with potential behavioral differences, the remaining criteria: 19 animals were CBD for 
using predicted length-at-age curves (Read et al., sex, 35 animals had estimated or partial lengths, 
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Figure 1. Locations of bottlenose dolphin strandings in North Carolina (NC) from 1997 through 2012 for strandings with 
evidence of fisheries interaction (FI) (top left) and strandings with no evidence of any type of human interaction (No) (bottom 
right). Dashed lines indicate demarcation among coastal areas (C1 to C7) used in the analyses. Locations in the ocean 
represent carcasses recovered floating and brought to shore. 

one animal had only healed FI lesions, and 87 ani- residuals indicated that the risk was greater in TP1 
mals were < 125 cm. Of these 87, the smallest FI than TP2 (standardized residuals > |1.96|), but TP3 
stranding was 119.5 cm; and of the eight animals was not different than either TP1 or TP2 (standard-
between 119 and 124 cm, three were positive for FI ized residuals < |1.96|). As a result, the analyses 
(including the one cited above) and five were No. that followed used combined data from TP2 and 
All of the criteria for inclusion were met by 361 TP3 (denoted as TP2-3), which is after the spiny 
bottlenose dolphin strandings (Figure 1): 191 cat- dogfish FMPs were implemented and represents 
egorized as FI and 170 categorized as No. more current fishing practices. Analyses of TP1 

Results from the tests of single variables were were made as appropriate with the proviso that 
mixed. A significant difference in the bycatch risk the spiny dogfish fishing effort was spatially and 
among TPs was found (χ2 = 9.817, p = 0.0203) temporally restricted, precluding use of those pre-
(Figure 2). Post-hoc examination of standardized dictor variables. For TP2-3 (n = 235), significant 
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Figure 2. The number of bottlenose dolphin strandings (n 
= 361) categorized as FI (positive for fisheries interaction, 
gray) or No (no human interaction, white) among three 
Time Periods (TPs). There was a significant difference in 
bycatch risk among TPs (χ2 = 9.817, p = 0.0203), with risk 
being greater in TP1 than TP2, but no difference in risk 
between TP3 and either TP1 or TP2.

differences (p < 0.05) in bycatch risk were found 
for season, area, and age-class (Figure 3; Table 1). 
Areas C4 and C6 had significantly fewer strand-
ings categorized as No; however, C4 also had the 
lowest total number of strandings (n = 12) among 
areas (all others had 25 or more). To test for a low 
sample-size effect, area C4 was excluded, and the 
test was repeated, resulting in no significant dif-
ference among areas (χ2 = 10.1901, p = 0.1169). 
As a result, the variable area was excluded from 
further analyses.

For TP2-3, age-class and season were signifi-
cant predictors of bycatch risk (GLM, Age-class: 
Wald χ2 = 29.6540, p < 0.0001; Season: Wald χ2 = 
8.8917, p = 0.0308). For age-class, bycatch risks 
for older calves and subadults were not different, 
and bycatch risks for YOYs and adults were not 
different (Table 2). However, the bycatch risks 
for older calves and subadults were significantly 

Figure 3. The number of bottlenose dolphin strandings (n = 235) during TP2-3 categorized as FI (positive for fisheries 
interaction, gray) or No (no human interaction, white) across five possible predictor variables. See Figure 1 to show locations 
of area abbreviations C1 to C7; E = Estuaries. Age-class categories are YOY (Young-of-Year), OC (Older calves), SA 
(Subadults), and Adults. 
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Table 1. Contingency table results of the probability of a bottlenose dolphin (Tursiops truncatus) stranding having evidence 
of fisheries interaction (FI) relative to having no evidence of any type of human interaction (No). Data include strandings 
from Time Period 2-3 (November 2000 through December 2012). Significant variables are italicized.

Variable df χ2 p value

Season 3 9.817 0.0202

Area 7 15.205 0.0335

Habitat 1 0.376 0.5395

Sex 1 0.030 0.5819
Age-class 3 33.833 < 0.0001

Table 2. Contingency table results from multiple comparison tests performed on the significant predicators of bycatch risk in 
the Generalized Linear Models. Data were stratified into two Time Periods (TPs): after severe reductions in the spiny dogfish 
fishery (TP2-3) and before (TP1). For TP2-3, age-class and season were significant predictors of bycatch risk (Age-class: 
Wald χ2 = 29.6540, p < 0.0001; Season: Wald χ2 = 8.8917, p < 0.0308). For TP1, age-class was a significant predictor of 
bycatch risk (Wald χ2 = 8.6861, p = 0.0338). Significant comparisons are italicized.

Time periods Contrast χ2 p value

TP2 

&

TP3

YOY vs older calves 16.2539 < 0.0001
YOY vs subadults 7.6039 0.0058

YOY vs adults 0.0725 0.7877
Older calves vs subadults 2.5892 0.1076

Older calves vs adults 21.8808 < 0.0001
Subadults vs adults 11.6776 0.0006

Fall vs spring 1.8551 0.1732
Fall vs summer 3.4782 0.0622
Fall vs winter 0.0215 0.8833

Spring vs summer 8.8648 0.0029
Spring vs winter 1.5766 0.2092

Summer vs winter 2.0442 0.1528

TP1

YOY vs older calves 2.3741 0.1234
YOY vs subadults 3.4424 0.0635

YOY vs adults 0.0689 0.7930
Older calves vs subadults 0.0881 0.7666

Older calves vs adults 4.2924 0.0383
Subadults vs adults 6.0254 0.0141

greater than for YOYs and adults (Figure 4). sex ratio in TP2-3 and the previous anecdotal evi-
Among seasons, the only significant difference in dence of male bias in FI, sex and age-class were 
bycatch risk was spring having greater risk than tested together in a GLM as possible predictor 
summer. Depending on season, an older calf to variables. Age-class still had a significant effect (p 
subadult dolphin stranding was approximately 1.5 < 0.001), while sex did not (p > 0.05) (Figure 5)—
to 3.5 times as likely to be positive for FI than an that is, the relative risk remained constant despite 
adult or a YOY (Figure 4). more overall male strandings.

The sex ratio of strandings overall (FI and No) Given the effect of age-class as a predictor of 
was biased significantly toward males in all three bycatch risk following severe reductions in effort 
TPs combined (χ2 = 5.1219, p = 0.236) and in in the spiny dogfish fishery (i.e., TP2-3), differ-
TP2-3 (χ2 = 5.2128, p = 0.0224) (Figure 3), but not ences among age-classes during TP1 were also 
during TP1 when the sex ratio was not significant tested; bycatch risk also varied among age-classes 
from 1:1 (χ2 = 0.508, p = 0.48). Given the biased (Wald χ2 = 8.6861, p = 0.0338). Bycatch risks for 
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Figure 4. The predicted probabilities and confidence limits 
of a bottlenose dolphin stranding being FI (positive for 
fisheries interaction) vs No (no human interaction) during 
(A) TP2-3, for which season (p = 0.0308) and age-class (p 
< 0.0001) were significant predictor variables; and (B) TP1, 
for which age-class (p = 0.0338) was a significant predictor 
variable. Age-class categories are YOY (Young-of-Year), 
OC (Older calves), SA (Subadults), and Adults. 

Figure 5. During TP2-3, the number of bottlenose dolphin 
strandings (n = 235) categorized as FI (positive for fisheries 
interaction) or No (no human interaction) by sex and age-
class. For both females and males, the relative number 
of older calves and subadults that were positive for FI 
exceeded those with No evidence of human interaction in 
contrast to YOY and adult strandings.

YOYs and adults were not different, and risks 
for older calves and subadults were not differ-
ent, similar to TP2-3. In contrast to TP2-3, during 
TP1, the risks for older calves and subadults were 
only different than adults but not YOYs (Table 2). 
Also, the predicted probability of an older calf to 
subadult being positive for FI was approximately 
1.5 times greater than for an adult stranding 
(Figure 4).

Discussion

Age-class was a significant predictor of bycatch 
risk regardless of TP and season. While all age- 
classes were affected, the impact differed in that 
the proportion of older calves and subadults found 
stranded with signs of FI was greater than for 
YOY or adult animals. More importantly from a 
management perspective, bottlenose dolphins sur-
viving the precarious first years of life and then 
typically experiencing relatively low natural mor-
tality (i.e., older calves and subadults) (Caughley, 
1966; Stolen & Barlow, 2003) are experiencing 
fishery-related mortality at levels that appear to 
exceed natural mortality, at least as determined 
from stranding data.

The current study does not address whether or 
not an individual, free-swimming bottlenose dol-
phin is more or less likely to become entangled 
in gear as a function of age. FI strandings were 
represented in all age-classes—from YOYs as 
small as 119.5 cm, which would be closely associ-
ated with their mothers, to adults. Other authors 
have speculated that calves and subadults may be 
more likely to become entangled in gear because 
they may be inexperienced around gear, engage in 
risky behavior, or seek out easier food resources 
(i.e., depredation) (Reynolds et al., 2000; Noke & 
Odell, 2002; Fruet et al., 2012). In Florida, how-
ever, bottlenose dolphin strandings that interacted 
with hook-and-line gear and free-swimming dol-
phins that depredated hook-and-line gear tended 
to be adults (and male) (Powell & Wells, 2011; 
Adimey et al., 2014). The tendency of individu-
als in certain age-classes to be more vulnerable 
to bycatch may differ among dolphin populations, 
gear types, and causes for entanglements.

While bycatch risk among age-classes showed 
similar patterns regardless of season, season was 
a significant predictor of risk overall. Seasonal 
variations in bycatch are likely affected by the 
intersection of changes in relative abundance of 
animals at risk of being bycaught and the inher-
ent seasonality of many fisheries (de Boer et al., 
2012). In NC, the gillnet fishery is the largest 
known contributor to bottlenose dolphin bycatch 
(Byrd et al., 2014; Waring et al., 2016), and fish-
ing effort has been documented as being lowest in 
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summer (Steve et al., 2001; Goodman Hall et al., making males more likely to strand after dying. 
2013). While the lowest relative abundance of Also, care should be taken when using stranding 
dolphins occurs in summer (Torres et al., 2005), data to assess differences in sex ratios because 
low gillnet effort in summer is consistent with the males are less likely than females to become 
findings in the current study of summer having “unknown” for sex with decomposition (Stolen 
the lowest bycatch risk. Temporal overlap alone et al., 2007; Fruet et al., 2012). In this study, 
does not fully explain bycatch risk, however. The 19 strandings were excluded from the analysis 
current study found that bycatch risk was greatest because sex could not be determined (CBD). 
in spring, although past studies have documented The stranding records for six of the 19 did not 
that relative dolphin abundance was greatest have information about why sex was CBD. The 
in the fall and gillnet effort was greatest during remaining 13 strandings were CBD for sex due 
spring and fall (Steve et al., 2001; Torres et al., to not being examined for sex (n = 3), scaven-
2005). Using counts of FI strandings (i.e., not ger damage (n = 4), mutilation (n = 1), and live 
relative to No), Byrd et al. (2014) also found sig- release (n = 5) from gear. If all 19 strandings had 
nificant peaks in FI strandings during spring and actually been female, the overall sex ratio would 
fall. Differences in gear characteristics (e.g., soak not be significantly different from 1:1 (χ2 = 1.52, 
times and mesh size) between spring and fall may p = 0.22). However, if only seven of the 19 were 
further influence relative rates of bycatch risk. male, the sex ratio would be significantly different 

Although there was a bias in the total number of from 1:1 (χ2 = 3.8, p = 0.05), indicating that male 
males stranded, relative bycatch risk was not dif- bias was not an artifact of female strandings being 
ferent for males and females. Male bias has been more likely to be CBD for sex.
reported for strandings with evidence of FI (Stolen The relative risk of a stranding being FI vs No 
et al., 2007; Fruet et al., 2012; Adimey et al., 2014) was not different among areas of NC. This would 
and for in situ observations of FI (Corkeron et al., indicate that on an individual level, a dolphin’s risk 
1990; Finn et al., 2008; Powell & Wells, 2011) of becoming entangled in gear does not change as 
with the suggestions from authors that males are a function of where the dolphin occurs. At first, 
more likely to be entangled. Although interactions this may seem counterintuitive because gillnet 
with fisheries and the resulting risk of entangle- effort varies across the state with effort in estuarine 
ment may be greater for males in some cases, it waters (mean annual trips 2001 to 2012 = 35,261, 
is important to consider the findings in relation SD = 5,437.7) being four to eight times greater 
to any sex bias in overall strandings as was done than effort in coastal waters (mean annual trips 
in this study and in Adimey et al. (2014). More 2001 to 2012 = 5,385, SD = 786.6) (North Carolina 
males were positive for FI than females during Division of Marine Fisheries [NCDMF], 2016). 
TP2-3; and had the FI data alone been analyzed, Within coastal waters, gillnet effort is greatest north 
the conclusion in this study would be that bycatch of Cape Lookout (NCDMF, 2007), which is coin-
risk was greater for males. Identifying bycatch cident with high numbers of dolphins (Torres et al., 
risk requires empirical results not always avail- 2005). As a result, it might be expected that bycatch 
able in prior studies (Reynolds et al., 2000). risk would be greater north of Cape Lookout, espe-

Male bias in number of overall strandings of cially given the higher absolute numbers of FI 
bottlenose dolphins has been reported in Brazil strandings documented by Byrd et al. (2014), or 
(Fruet et al., 2012), Ireland (McGovern et al., in estuarine waters. However, because this study 
2016), Spain (López et al., 2002), and some areas found that the bycatch risk was the same across 
of the U.S. (Texas: Fernandez & Hohn, 1998; areas, the absolute numbers of entangled dolphins 
Mississippi: Mattson et al., 2006), but not all may be a function of differences in the relative 
(South Carolina: McFee et al., 2006). Even within abundance of dolphins.
the same study area, on the eastern side of Florida Overall bycatch risk changed throughout the 
(U.S.), male bias was reported for the dataset from time series in this study. It is not surprising that 
1997 to 2005 (Stolen et al., 2007), but not for the bycatch risk decreased between TP1 and TP2 as a 
dataset from 1976 to 1983 (Hersh et al., 1990). In previous study incorporating a portion of these data 
the current study, there was no male bias during a but using a different analytical approach resulted 
subset of the data, TP1. in a similar finding (Byrd et al., 2008). However, 

It is unclear why more males are represented the addition of four more years of data to the time 
in the stranding records when it occurs. Some series indicates a potential increase in bycatch 
researchers have suggested that male bias for risk during TP3 despite additional regulations 
strandings of bottlenose dolphins (Stolen & implemented on gillnet fisheries as a part of the 
Barlow, 2003) and common dolphins (Delphinus BDTRP (U.S. Department of Commerce, 2006). 
delphis) (Kuiken et al., 1994) may be due to dif- Changes to the spiny dogfish FMPs have allowed 
ferent distribution patterns of males and females, for an increase in NC landings since 2009 (Atlantic 
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States Marine Fisheries Commission [ASMFC], otherwise would be expected to have a low mor-
2011). In fact, the quota set for the 2012-2013 fish- tality rate (Caughley, 1966). The impacts of this 
ing year in NC (2,282 metric tons) (Skomal et al., anthropogenic mortality on the stocks that occur 
2013) was just over the average landings reported in NC are yet to be investigated. Seasonal dif-
in NC during TP1 (2,250 metric tons) (ASMFC, ferences in bycatch risk align with other studies 
2011). Soak times during TP3, however, were con- demonstrating concurrence of FI strandings with 
strained by federal regulations from the BDTRP the seasonality of certain fisheries (Friedlaender 
prohibiting overnight sets of gillnets with mesh et al., 2001; Byrd et al., 2008). In contrast, bycatch 
sizes used to target spiny dogfish (U.S. Department risk appears to be similar across different areas of 
of Commerce, 2006). It is currently not known if the state despite spatial differences in the relative 
increased effort in the spiny dogfish gillnet fishery abundance of bottlenose dolphins (Torres et al., 
has led to the increased bycatch risk demonstrated 2005; Waring et al., 2016) and densities of fishing 
in the current study. However, of the four docu- gear, particularly gillnet fisheries (NCDMF, 2007; 
mented gillnet entanglements off NC by federal Lyssikatos & Garrison, in press).
fisheries observers since 2009, two occurred in gear 
targeting spiny dogfish, while the other two were in Acknowledgments
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2000; Byrd et al., 2014). This study assumes that Literature Cited
the probability of true FI and No strandings being 
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biased to include more strandings that had no FI. bycatch in a north-western Australian trawl fishery. 
It is not uncommon, however, for strandings to PLOS ONE, 9(4), e93178. https://doi.org/10.1371/ 
be assigned as CBD when they have lesions that journal.pone.0093178
may have been from entanglement but are ques- Atlantic States Marine Fisheries Commission (ASMFC). 
tionable (Byrd et al., 2014). Lastly, bottlenose (2011). Addendum III to the Interstate Fishery 
dolphins in NC become entangled in a variety of Management Plan for Spiny Dogfish. Arlington, VA: 
different fishing gears (Byrd & Hohn, 2010; Byrd ASMFC.
et al., 2014; Waring et al., 2016), and it is pos- Brotons, J. M., Grau, A. M., & Rendell, L. (2008). Estimating 
sible that the differences detected in age-class and the impact of interactions between bottlenose dolphins 
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possible to definitively assign an FI stranding to Marine Mammal Science, 24(1), 112-127. https://doi.
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assigned, the sample sizes were insufficient to test Byrd, B. L., & Hohn, A. A. (2010). Challenges of docu-
for differences among fisheries. menting Tursiops truncatus Montagu (bottlenose dol-

The results of this study indicate that there is phin) bycatch in the stop net fishery along Bogue Banks, 
a large bycatch risk in NC for young bottlenose North Carolina. Southeastern Naturalist, 9(1), 47-62. 
dolphins surviving past their first year of life that https://doi.org/10.1656/058.009.0104



567Differential Risk of Bottlenose Dolphin Bycatch

Byrd, B. L., Hohn, A. A., Munden, F. H., Lovewell, G. N., on common bottlenose dolphins, Tursiops truncatus, 
& Lo Piccolo, R. E. (2008). Effects of commercial fish- in southern Brazil. Journal of the Marine Biological 
ing regulations on stranding rates of bottlenose dolphin Association of the United Kingdom, 92(8), 1865-1876. 
(Tursiops truncatus). Fishery Bulletin, 106(1), 72-81. https://doi.org/10.1017/S0025315410001888

Byrd, B. L., Hohn, A. A., Lovewell, G. N., Altman, K. M., Geraci, J. R., & Lounsbury, V. J. (2005). Marine mammals 
Barco, S. G., Friedlaender, A., . . . Thayer, V. G. (2014). ashore: A field guide for strandings. Baltimore, MD: 
Strandings as indicators of marine mammal biodiversity National Aquarium in Baltimore.
and human interactions off the coast of North Carolina. Gonzalvo, J., Valls, M., Cardona, L., & Aguilar, A. (2008). 
Fishery Bulletin, 112(1), 1-23. https://doi.org/10.7755/ Factors determining the interaction between common 
FB.112.1.1 bottlenose dolphins and bottom trawlers off the Balearic 

Caughley, G. (1966). Mortality patterns in mammals. Archipelago (western Mediterranean Sea). Journal of 
Ecology, 47(6), 906-918. https://doi.org/10.2307/1935638 Experimental Biology, 367, 47-52. https://doi.org/10. 

Corkeron, P. J., Bryden, M. M., & Hedstrom, K. E. (1990). 1016/j.jembe.2008.08.013
Feeding by bottlenose dolphins in association with Goodman Hall, A., McNeill, J. B., Conn, P. B., Davenport, 
trawling operations in Moreton Bay, Australia. In S. E., & Hohn, A. A. (2013). Seasonal co-occurrence of 
Leatherwood & R. R. Reeves (Eds.), The bottlenose dol- sea turtles, bottlenose dolphins, and commercial gill 
phin (pp. 329-336). San Diego: Academic Press. https:// nets in southern Pamlico and northern core sounds, 
doi.org/10.1016/B978-0-12-440280-5.50021-4 and adjacent coastal waters of North Carolina, USA. 

Cox, T. M., Read, A. J., Swanner, D., Urian, K., & Waples, Endangered Species Research, 22(3), 235-249. https://
D. (2003). Behavioral responses of bottlenose dolphins, doi.org/10.3354/esr00539
Tursiops truncatus, to gillnets and acoustic alarms. Gorgone, A. M., Eguchi, T., Byrd, B. L., Altman, K. M., 
Biological Conservation, 115(2), 203-212. https://doi. & Hohn, A. A. (2014). Estimating the abundance of 
org/10.1016/S0006-3207(03)00108-3 the northern North Carolina estuarine system stock 

Cox, T. M., Read, A. J., Barco, S., Evans, J., Gannon, of common bottlenose dolphins (Tursiops truncatus) 
D. P., Koopman, H. N., . . . Westgate, A. J. (1998). (NOAA Technical Memorandum NMFS-SEFSC-664). 
Documenting the bycatch of harbor porpoises, Phocoena Beaufort, NC: National Oceanic and Atmospheric 
phocoena, in coastal gillnet fisheries from stranded car- Administration.
casses. Fishery Bulletin, 96(4), 727-734. Hagedorn, S. C. (2002). Depredation by bottlenose dol-

de Boer, M. N., Saulino, J. T., Leopold, M. F., Reijnders, phins on gill nets in Dare County, North Carolina 
P. J., & Simmonds, M. P. (2012). Interactions between (Unpublished master’s project). Duke University, 
short-beaked common dolphin (Delphinus delphis) Durham, North Carolina.
and the winter pelagic pair-trawl fishery off southwest Hersh, S. L., Odell, D. K., & Asper, E. D. (1990). Bottlenose 
England (UK). International Journal of Biodiversity and dolphin mortality patterns in the Indian/Banana River 
Conservation, 4(13), 481-499. https://doi.org/10.5897/ system of Florida. In S. Leatherwood & R. R. Reeves 
IJBC12.016 (Eds.), The bottlenose dolphin (pp. 155-164). San Diego: 

Díaz López, B. (2006). Interactions between Mediterranean Academic Press. https://doi.org/10.1016/B978-0-12-44 
bottlenose dolphins (Tursiops truncatus) and gillnets off 0280-5.50012-3
Sardinia, Italy. ICES Journal of Marine Science, 63, Hoelzel, A. R., Potter, C. W., & Best, P. B. (1998). 
946-951. https://doi.org/10.1016/j.icesjms.2005.06.012 Genetic differentiation between parapatric “nearshore” 

Fernandez, S., & Hohn, A. A. (1998). Age, growth, and and “offshore” populations of the bottlenose dol-
calving season of bottlenose dolphins, Tursiops trunca- phin. Proceedings of the Royal Society of London B: 
tus, off coastal Texas. Fishery Bulletin, 96(2), 357-365. Biological Sciences, 265(1402), 1177-1183. https://doi.

Fertl, D., & Leatherwood, S. (1997). Cetacean interactions org/10.1098/rspb.1998.0416 
with trawls: A preliminary review. Journal of Northwest Jaiteh, V. F., Allen, S. J., Meeuwig, J. J., & Loneragan, 
Atlantic Fishery Science, 22, 219-248. https://doi.org/ N. R. (2013). Subsurface behavior of bottlenose dol-
10.2960/J.v22.a17 phins (Tursiops truncatus) interacting with fish trawl 

Finn, H., Donaldson, R., & Calver, M. (2008). Feeding nets in northwestern Australia: Implications for bycatch 
Flipper: A case study of a human–dolphin interaction. mitigation. Marine Mammal Science, 29(3), E266-E281. 
Pacific Conservation Biology, 14(3), 215-225. https:// https://doi.org/10.1111/j.1748-7692.2012.00620.x
doi.org/10.1071/PC080215 Kovacs, C., & Cox, T. (2014). Quantification of interactions 

Friedlaender, A. S., McLellan, W. A., & Pabst, D. A. (2001). between common bottlenose dolphins (Tursiops trunca-
Characterising an interaction between coastal bottlenose tus) and a commercial shrimp trawler near Savannah, 
dolphins (Tursiops truncatus) and the spot gillnet fish- Georgia. Aquatic Mammals, 40(1), 81-94. https://doi.
ery in southeastern North Carolina, USA. Journal of org/10.1578/AM.40.1.2014.81
Cetacean Research and Management, 3(3), 293-303. Kuiken, T., Simpson, V. R., Allchin, C. R., Bennett, P. M., 

Fruet, P. F., Kinas, P. G., da Silva, K. G., Di Tullio, J. C., Codd, G. A., Harris, E. A., . . . Phillips, S. (1994). Mass 
Monteiro, D. S., Rosa, L. D., . . . Secchi, E. R. (2012). mortality of common dolphins (Delphinus delphis) in 
Temporal trends in mortality and effects of by-catch south west England due to incidental capture in fishing 



568 Byrd and Hohn

gear. The Veterinary Record, 134(4), 81-89. https://doi. marine mammal, sea turtle and seabird bycatch in USA 
org/10.1136/vr.134.4.81 fisheries and the role of policy in shaping management. 

Lassalle, G., Gascuel, D., Le Loc’h, F., Lobry, J., Pierce, Marine Policy, 33(3), 435-451. https://doi.org/10.1016/j.
G. J., Ridoux, V., . . . Niquil, N. (2012). An ecosystem marpol.2008.09.003
approach for the assessment of fisheries impacts on National Marine Fisheries Service (NMFS). (2004). 
marine top predators: The Bay of Biscay case study. ICES Evaluating bycatch: A national approach to standard-
Journal of Marine Science: Journal du Conseil, 69(6), ized bycatch monitoring programs (NOAA Technical 
925-938. https://doi.org/10.1093/icesjms/fss049 Memorandum NMFS-F/SPO-66). Silver Spring, MD: 

Lauriano, G., Fortuna, C. M., Moltedo, G., & Notarbartolo National Oceanic and Atmospheric Administration.
di Sciara, G. (2004). Interactions between common NMFS. (2015). 2013-2015 bottlenose dolphin unusual 
bottlenose dolphins (Tursiops truncatus) and the arti- mortality event in the Mid-Atlantic. Retrieved from 
sanal fishery in Asinara Island National Park (Sardinia): www.nmfs.noaa.gov/pr /heal th/mmume/midat l 
Assessment of catch damage and economic loss. Journal dolphins2013.html
of Cetacean Research and Management, 6(2), 165-173. Nelson, P. R., Wludyka, P. S., & Copeland, K. A. F. (2005). 

Lien, J., Stenson, G. B., Carver, S., & Chardine, J. (1994). The analysis of means: A graphical method for compar-
How many did you catch? The effect of methodology on ing means, rates, and proportions. Philadelphia: Society 
bycatch reports obtained from fishermen. Report of the for Industrial and Applied Mathematics. https://doi.
International Whaling Commission, Special Issue 15, org/10.1137/1.9780898718362
535-540. Noke, W. D., & Odell, D. K. (2002). Interactions 

López, A., Santos, M. B., Pierce, G. J., González, A. F., between the Indian River Lagoon blue crab fish-
Valieras, X., & Guerra, A. (2002). Trends in strandings ery and the bottlenose dolphin, Tursiops truncatus. 
and by-catch of marine mammals in north-west Spain Marine Mammal Science, 18(4), 819-832. https://doi.
during the 1990s. Journal of the Marine Biological org/10.1111/j.1748-7692.2002.tb01075.x
Association of the United Kingdom, 82(3), 513-521. North Carolina Division of Marine Fisheries (NCDMF). 
https://doi.org/10.1017/S0025315402005805 (2007). Assessment of North Carolina commercial fin-

Lyssikatos, M., & Garrison, L. (In press). Bycatch esti- fisheries, 2004-2007 (Final Performance Report for 
mates for bottlenose dolphins in coastal gillnet fisher- Award Number NA 04 NMF4070216). Morehead City: 
ies (Center Reference Document). Woods Hole, MA: North Carolina Department of Environment and Natural 
National Oceanic and Atmospheric Administration. Resources, NCDMF.

Mattson, M. C., Mullin, K. D., Ingram, J., Walter, G., & NCDMF. (2016). License and statistics section 2016 annual 
Hoggard, W. (2006). Age structure and growth of the report. Morehead City: North Carolina Department of 
bottlenose dolphin (Tursiops truncatus) from strand- Environment and Natural Resources, NCDMF.
ings in the Mississippi Sound region of the north-cen- Powell, J. R., & Wells, R. S. (2011). Recreational fishing 
tral Gulf of Mexico from 1986-2003. Marine Mammal depredation and associated behaviors involving common 
Science, 22(3), 654-666. https://doi.org/10.1111/j.1748- bottlenose dolphins (Tursiops truncatus) in Sarasota 
7692.2006.00057.x Bay, Florida. Marine Mammal Science, 27(1), 111-129. 

McFee, W. E., Hopkins-Murphy, S. R., & Schwacke, https://doi.org/10.1111/j.1748-7692.2010.00401.x
L. H. (2006). Trends in bottlenose dolphin (Tursiops Read, A. J., & Murray, K. T. (2000). Gross evidence of 
truncatus) strandings in South Carolina, USA, 1997- human-induced mortality in small cetaceans (NOAA 
2003: Implications for the southern North Carolina and Technical Memorandum NMFS-OPR-15). Silver Spring, 
South Carolina management units. Journal of Cetacean MD: National Oceanic and Atmospheric Administration.
Research and Management, 8(2), 195-201. Read, A. J., Waples, D. M., Urian, K. W., & Swanner, D. 

McGovern, B., Culloch, R. M., O’Connell, M., & Berrow, S. (2003). Fine-scale behaviour of bottlenose dolphins 
(2016). Temporal and spatial trends in stranding records around gillnets. Proceedings of the Royal Society, 
of cetaceans on the Irish coast, 2002-2014. Journal of the Biology Letters, 270, 90-92. https://doi.org/10.1098/
Marine Biological Association of the United Kingdom, rsbl.2003.0021
1-13. https://doi.org/10.1017/S0025315416001594 Read, A. J., Wells, R. S., Hohn, A., & Scott, M. (1993). 

Mead, J. G., & Potter, C. W. (1995). Recognizing two popu- Patterns of growth in wild bottlenose dolphins, Tursiops 
lations of the bottlenose dolphin (Tursiops truncatus) off truncatus. Journal of Zoology, 231(1), 107-123. https://
the Atlantic coast of North America: Morphologic and doi.org/10.1111/j.1469-7998.1993.tb05356.x 
ecologic considerations. IBI Reports, 5, 31-44. Reynolds III, J. E., Wells, R. S., & Eide, S. D. (2000). 

Mooney, T. A., Au, W. W. L., Nachtigall, P. E., & Trippel, The bottlenose dolphin: Biology and conservation. 
E. A. (2007). Acoustic and stiffness properties of gillnets Gainesville: University Press of Florida.
as they relate to small cetacean bycatch. ICES Journal of Rosel, P. E., Hansen, L., & Hohn, A. A. (2009). Restricted 
Marine Science: Journal du Conseil, 64(7), 1324-1332. dispersal in a continuously distributed marine species: 
https://doi.org/10.1093/icesjms/fsm135 Common bottlenose dolphins Tursiops truncatus in 

Moore, J. E., Wallace, B. P., Lewison, R. L., Žydelis, R., coastal waters of the western North Atlantic. Molecular 
Cox, T. M., & Crowder, L. B. (2009). A review of 



569Differential Risk of Bottlenose Dolphin Bycatch

Ecology, 18(24), 5030-5045. https://doi.org/10.1111/j. U.S. Department of Commerce. (2013). Notice of permit 
1365-294X.2009.04413.x issuance. Federal Register, 78(180), 57132-57133. 

Skomal, G., Moore, T., & Hawk, M. (2013). Review of the U.S. Department of Commerce. (2016). List of fisheries for 
Atlantic States Marine Fisheries Commission Fishery 2016. Federal Register, 81(68), 20550-20574. 
Management Plan for Spiny Dogfish (Squalus acan- Waring, G. T., Josephson, E., Maze-Foley, K., & Rosel, 
thias) 2012/2013 fishing year. Arlington, VA: Atlantic P. E. (2016). U.S. Atlantic and Gulf of Mexico marine 
States Marine Fisheries Commission. mammal stock assessments—2015 (NOAA Technical 

Steve, C., Gearhart, J., Borggaard, D., Sabo, L., & Hohn, Memorandum NMFS-NE-238). Woods Hole, MA: 
A. A. (2001). Characterization of North Carolina com- National Oceanic and Atmospheric Administration.
mercial fisheries with occasional interactions with Wells, R. S. (2014). Social structure and life history of 
marine mammals (NOAA Technical Memorandum bottlenose dolphins near Sarasota Bay, Florida: Insights 
NMFS-SEFSC-458). Beaufort, NC: National Oceanic from four decades and five generations. In J. Yamagiwa 
and Atmospheric Administration. & L. Karczmarski (Eds.), Primates and cetaceans: 

Stolen, M. K., & Barlow, J. (2003). A model life table Field research and conservation of complex mammalian 
for bottlenose dolphins (Tursiops truncatus) from societies (pp. 149-172). Tokyo: Springer. https://doi.
the Indian River Lagoon system, Florida, USA. org/10.1007/978-4-431-54523-1_8
Marine Mammal Science, 19(4), 630-649. https://doi. Wells, R. S., Allen, J. B., Hofmann, S., Bassos-Hull, K., 
org/10.1111/j.1748-7692.2003.tb01121.x Fauquier, D. A., Barros, N. B., . . . Scott, M. D. (2008). 

Stolen, M. K., Durden, W. N., & Odell, D. K. (2007). Consequences of injuries on survival and reproduc-
Historical synthesis of bottlenose dolphin (Tursiops tion of common bottlenose dolphins (Tursiops trunca-
truncatus) stranding data in the Indian River Lagoon tus) along the west coast of Florida. Marine Mammal 
system, Florida, from 1977-2005. Florida Scientist, Science, 24(4), 774-794. https://doi.org/10.1111/j.1748-
70(1), 45-54. Retrieved from www.jstor.org/stable/ 7692.2008.00212.x
24321566 Zappes, C. A., Simões-Lopes, P. C., Andriolo, A., & 

Torres, L. G., McLellan, W. A., Meagher, E., & Pabst, D. A. Di Beneditto, A. P. M. (2016). Traditional knowledge 
(2005). Seasonal distribution and relative abundance of identifies causes of bycatch on bottlenose dolphins 
bottlenose dolphins, Tursiops truncatus, along the US (Tursiops truncatus Montagu 1821): An ethnobiologi-
mid-Atlantic coast. Journal of Cetacean Research and cal approach. Ocean & Coastal Management, 120, 160-
Management, 7(2), 153-161. 169. https://doi.org/10.1016/j.ocecoaman.2015.12.006

Urian, K. W., Waples, D. M., Tyson, R. B., Hodge, L. E., Zollett, E. A., & Read, A. J. (2006). Depredation of catch by 
& Read, A. J. (2014). Abundance of bottlenose dolphins bottlenose dolphins (Tursiops truncatus) in the Florida 
(Tursiops truncatus) in estuarine and near-shore waters king mackerel (Scomberomorus cavalla) troll fishery. 
of North Carolina, USA. Journal of North Carolina Fishery Bulletin, 104, 343-349.
Academy of Science, 129(4), 165-171. https://doi.org/ 
10.7572/2167-5880-129.4.165 

U.S. Department of Commerce. (2006). Taking of marine 
mammals incidental to commercial fishing operations; 
bottlenose dolphin take reduction plan regulations; 
sea turtle conservation; restriction to fishing activities. 
Federal Register, 71(80), 24776-24797. 




