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ABSTRACT
We_ describe hook trauma to the roof of the mouth in dolphiditlyphaena hippurus

and compare.computed tomography (CT) scanning to gross necropsy (GN) as a technique for
diagnosingshooking injury in fisliorty-two dolphinfish carcassepanning a range of hook
injurieswerecellected ancCT scanned, and 33 of thesere evaluated usin@N. Specimens

werehookedeitherin the roof of the mouth, the eye via the roof or upper @avthe jaw (control
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group). In75% of roof-hooked individualsiGN revealechondisplaced to comminuted fractures
of the bones of the suspensorium, hematomas in and lacesitimextraocular muscles, and/or
damage to the optic nerve. These injuries have the potential to compromise \isibarafore
decrease postlease survival rates of obligate sifgding speciesuch as dolpinfish. We
evaluated the.effectiveness of CT scanning to diagnagy and found thaCT could

efficiently andaccurately identify fractures and some soft tissue danmageome injuries found
in GN (e'g."optic nerve damage) were not observed on CT scans. Based on our findings, it is
likely that 'mortality is greater in dolphinfish when hooked in the roof of the mouth than in the
jaw. This study demonstrates a novel technique that was effectivegabdiag hooking injuries
associatedswith, the roof of the mouth.

INTRODUCTION

Evaluationof population status requsé&nowledge omortality numbers ofish that are
caught, whethedue to harvest or catend+eleasC&R). However, the fate aliscarded fishes
is often unknewn (Davis 2002) angcegardingpostyeleasamortality canlead to uncertaintin
stock assessmentd/illiams 20@, Pollock and Pine 2007}.is important to understand the
anatomical.effects of hooking andrtake use ofliagnostic techniqudbat arebestsuited for
specific_speties arttieir respectivénjuries. This can allow for more informed C&R mortality
rateestimatesand allowanglerso make more informed decisions when choosingtiwr to
retain their.catch. Witincreased popularity in C&R, it is valuable to provide information that
promotes sustainable angling practices (Brownscombe et al. 2017).

Thereereational fisheny the U.S. South Atlantic region targets dolphinf&iryphaena
hippurus using hook-andine gear, and dolphinfish are most often hooked in the jaw, followed
by roof, gill, eye, gut, and body, respectively (C.S. Mikles, personal observation). Dolphinfis
are pelagic piscivores that are primarily reliant on sight for foraging (Loew and McFarland
1990). Given.their abundance and aggressive feeding behavior, dolphinfish have been and
continue toda®ne of the top-rankeckcreationafisheries innumbers caught within the U.S.
South Atlantig(Rose and Hassler 19690AA 2012. For multiple reasonsncludingethical
angling, size, and bag limits, dolphinfishtins regionare often released after capt(@arter
and Liese 2012). Discard mortality of dolphinfish has not been estimated fosk@syfor for
other fisherieglirected towardt throughout its worldwide range.
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Many studies that have analyzed C&R mortality rates often incorporate hookitigrioca
into these estimates. Hooking location has been established to be the most iropaottdmitor
to postrelease mortality amongwiews of C&R studies across species (Muoneke and Childress
1994, Bartholomew and Bohnsack 2005). Hook trabasmbeen assessed in other recreationally
caught fishes.but has yet to be characterized in dolphinfish.

Postrelease mortality for shallogaw, roof, eye) and deep hooking locations (gut and
gills) has beemstudiedin severakpeciesJaw hookinds generally considered to be a location
associated with'low mortalifyaveraging between 0-10% (Grover et al. 2002, James et al. 2007,
Lyle et al..2007, Veiga et al. 2011, Campbell et al. 20hdiependent of morphological
differences; deep hooking in the gut and gills is often associated with a highertyn@talthan
shallow hoeking locations (Warner 1976, Domeier et al. 2003, Rudershausen et al. 2014). On the
other hand, published estimates of mortalityege and roof-hookd fishare more variable
possibly because de difficulties inobserving the degree of injurcross a number of specjes
damage to.the eyfeom hookinginjurieslikely contributes to postelease mortality due to
difficultiesassaciated with feeding and predator avoidance (Prince et al. 20B@isand
Dubielzig 2004; Cooke and Sneddon 200He extent of injuries and rate of catch and release
mortality‘in.dolphinfish as a result of hooking injury to each of these anatomesisit
unknowns

Many studies that assess C&R mortality rates do not describagoking or distinguish
it from jawhooking (Murphy et al. 1995, Taylor et al. 2001, Stachura et al. 2012, Bergmann et
al. 2014). Fhisumay be due to a perception that roof-hooked fish have mortality ratesteimila
fish hookedhinsthe jaw or to the difficulty in observing damage to this location withorgpsy
(Belle 1997). Mortality for this hooking location ranges from being used as a control (i.e.
assuming 0% mortalityjn Chinook salmorOncorhynchus tshawytscha (Grover et al. 2002) to
rates as high.as 80% in pelagic fisfiealterman and Graves 200Zhis variability is likely due
to differences.in morphology and feeding behavior acspssiesGiven such variation it is
important tes@ssess injuries to the roof of the mouth on a spgmeedic basisThe roof of the
mouth in delphinfish lies in close proximity to the bottom of the eye, which led us to explore
different techniques to examine injurieshese tissues.

Theobjectives of this studwere to describe rodfooking injuries in dolphinfish and

compare computed tomography (CT) scanning to gross nedi@phyas a technique for
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92 diagnosing hooking injury in fish. CT scanning has applications in aquatic veterinary meéalicine

93 diagnose disease (Garland et al. 2002) but this technique Hasemotiseth published work to

94 investigate the effects dboking damagen fish andto betterunderstand thampactsof C&R.

95 We hypothesized that hooking location influences the level of injury and pethet roof-

96 hookedfish.will have greater injury relative to jalaooked fish.

97 METHODS

98 CarcassCollection and Hook L ocation Assignment

99 Dolphinfish carcasses were collecfeam May through July of 2016 and 2017 at the
100 Morehead CityNorth Carolina waterfront.Fish were collected opportunistically from a cleaning
101 operation thatfillets fiskanded byrecreationatharter boats between 2 andHdurs after they
102 are boategtherefore, exact gear type, hook sized Emding methodsereunknown. While
103 fishing practices diffemmong boatshe charter fleet typically angle®Ilphinfish by trolling with
104 Jhooks with dad natural baits and/or artificial lures, or by bailing witttlel hooks with dead
105 natural bait (Rudershausen et al. 2012). Additionally, dolphinfish are gaffed or brought on board
106  without gaffing; after boating, dolphinfish are put directly on ice. None of the dolphinfish
107 retained for CF'scanning were gaffed in the h@he.fork lengths of the fish were measured,
108 andcarcasses were examinkd hooking location and external damage. The hooking location
109 wasdetermined through obsation of wounds left by hooks or from hooks left in place.
110 Dolphinfishretainedfor CT scanning were hooked either in tae, eye, or roof of the
111 mouth (Table 1). Fish hooked in the jaw serasaontrols for CT analysis and injury
112 characterization. Having very minimal injufsee below)jaw hooked fish also controlled for
113 differencesuin-angling practices and any potential damage inflicted on fishgcialigction.
114 Computed Tomography (CT) Scanning
115 The carcasses collected at the Moreheadwitgrfront werdrozenat-20°C. All heads
116 were scannedt.the North Carolina State University College of Veterinary Mediesiieg the
117 Siemens SOMATOM Sensation {Siemens Medical Solutions, Malvern, PAjith a veterinary
118 small adult.easettingat a slice thickness of 0.78Bm and a reconstruction increment of 0.4 mm.
119 Atfter CT scanning, éads were stored and thawed at 4°Gdrsequent gross necrogbglow).
120 The scanedimageswere examined in HorosBICOM medical image viewer
121 (https://www.horosproject.org). The CT scans werf@st naivelyevaluated by the image analyzer
122  with no knowledge of the hooking locationtbeextent of injury. he CT scans were
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123 reevaluate@ second time after we became more familiar with the images and internal anatomy
124  as well as croseeferencing with docksideooking location designation€rossreferencings an

125 important toolto diagnose conditions and understand the extent ofesji@ockcroft and

126 Holmes 2003).

127 The CT, scans were examined in both transverse and coronal séstithms.theCT scan
128 images, bne structure appeangite (radio-opaque, mineral opacity3oft tissue and hematoma
129 grey (softtissue opacity), amdr-influx black (gas opacity, radiolucent).asS is expectenh the

130 oral and gill'cavitiesince theyare exposed to aatfter the fish i9oated, buair is also

131 introduced through fractures in the bare can béraceable from the fracture si@as as an

132 artifactis semetimes preseanhd can be attributed &r introduced by decapitatiasr

133 decompositiongontrol fish served to represent the effects of decapitation and frébaimong

134 Assessindghedegree obilateralsymmetry between injured and uninjured sioethe same

135 individual can be used as an internal control since hooking injury occurred only to one side of
136 each individual that we collected

137 Roefanatomical evaluations focused on the palate, or suspensorium, which in

138 dolphinfishris'a’delicate structure composed of a series of thin bones and cafilgds b).

139 Specifically,,the endopterygoid, ectopterygoid, metapterygoid, palatine, and quadratieefor

140 suspensoriam (Hilton 2011). The endopterygoid is the bonésusseptible to fracture caused
141 by hook trauma, due to its thin dorsal shelf that supports and protects the orbiyal cavi

142 We designatechteeCT injury categoriebased on our interpretations of the scarisi1C
143 - no visiblesdamage or trauma taetBuspesoriumor to the orbitFig. 1a),CT 2- fracture to

144  bone(s) forming the suspensorium, paired with gas influx continuounsthe fracture site

145 extending only into the base of the orbit (gas confined to the orbital floor) (FigaridJT 3—

146 severdracture(displaced or comminuted) to bone(s) forming the suspensorium, paired with gas
147 influx continuous from the fracture site extending past the orbital floor dotedlhe level of the
148 optic nerve, extraocular musclestioe eyg(Fig. 1c)

149 Gross Necropsy (GN) and Comparison to CT Scans

150 We performedsNs to identify the extent of damage caused by hooking and to compare
151 to CT scansGNs werenecessary because soft tissue dama@d iscars wasevaluated in terms
152 of gas path and volume and atgat bone fracturesather tharobserving the injuries situ.

153 The eye and surrounding structures were exanfnoad a ventraperspectiveising the
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154 following procedure in order toreserve the integrity of thiesssuesdamaged by hookindrirst,

155 the opercula and gill arches on both sides of the fish were removed. The lower jawnoredre

156 at the articulation between theaxilla and quadrate and the dentary, exposing the lengte of th

157 roof of the, mouth. The mucosa of the reats examined for anygis of potential hooking

158 damage (e.g=laceration that penetrates the mucosa), and thiyentel)layer was removed,

159 exposing the superficial muscle and the endopterygoid. The muscle and surface of the

160 endopterygoid'were examined and tleanefullyremoved, exposing the orbit and the extraocular
161 muscles. Theinterior surface of the eye and the extraocular muscles were evaluated for damage,
162 thenthe extraocular muscles werarefully removedThe optic nervavas evaluatetbr damage

163 or lacerationthen the conjunctiva was cut and the surrounding muscles and mucosa removed to
164 evaluate the state of the eye and optic nerve further. Firadlyntnjuredcontralateral orbit was

165 examined asn internal control

166 We establishethreeGN injury categoriesGN 1 - ro visible damage or trauma to the

167 suspensorium or to the orpahy lacerationis minimal and superficialGN 2 - visible laceration

168 of the mucoesasand fracture to the endopterygtadiage to muscle is superficiahdGN 3 -

169 visible laceration othe mucosa, and fracture to the endopterygoid and/or the ectopterygoid,

170 paired with.damage to at least one ofgélkraocular muscles and/or thptic nerve.

171 Thespercentage agreement between CT and GN categories were determined to assess the
172 ability to predict GN injuries from CT scansdditionally, a Kolmogorov¥Smirnov goodness of

173 fit testfor discrete ordinal data (Zar 1996) was used to compare the observed CT counts to

174 expected counts (based on GN results) for fish hooked in the roof of the moptiovide a

175 qualitative'measure of the relative injuries between jaw, eye anthooed dolphinfish, we

176 calculated a weighted averagkinjury by hooking location using the number of fish assigned to

177 GNand CJscores. Theweighted average was:

(n.1 1)+ (n.2 *2)+(n.3 *3)
Xn '

179 wherenis number of fishn one ofthe three GN or Cinjury categoriesnd 1, 2, and 3 are the

178

180 GNor CT injuryscoresWe performed a Kruskalallis test withDunn posthoc tests to

181 determinehe relationship between hooking location and ingagres assignatirough CT and

182 GN (Sokal and Rohlf 1995). Significaneas assessed at alpha = 0.05. Statistical analyses were
183 conducted in R using the packages “dpylr” and “FSA” (Wickham 2018, Ogle ROC8re

184 Team 2018).
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185 RESULTS

186 Carcass Collection and Hook L ocation Assignment

187 Forty-two dolphinfish carcasses were collectanloss the three hookihgcations (roof
188 of the mouth, eye via the roof or upper jaw, and jaw), and fish ranged in fork length from 480-
189 985 mm(Table D). The 14 control fiskxaminedn the laborator hadno injuries to the roodr

190 the eyegonfirmingthe dockside assignment of jaw hooking.

191 ComputedTomography (CT) Interpretations

192 TheCT'scans showedo evidence of fracturethones and gas intrusiontime control

193 fish; however, these injuries were observable on CT soa2® out of 28 non-control fish

194  (Figure 1) Fraetures to the bones of the suspensorium could be identifiedeaadategorized
195 as nondisplaced, displacedy comminuted. Factures wereobserved in the endopterygaitbre
196 frequently thann any other bones of the suspensori@as artifactould be seem the eyes

197 and surrounding the orbital cavity in both ngontrolindividuals and control fish, and can be
198 attributed to the effects of decapitatici@composition anddezingthawing However, the

199 volume of gasartifact was minimal and distinguishable from gas influx from a fracture site in
200 non-controlfishysince it appeared random and scattered insteadraflingdirectly from an

201 epitheliallecation.

202 We-assigned4 controls five roof, and one eye hooked fish to CT 1 (Table 2; Figure 1a).
203 There were sixoof andthreeeye hooked fish assignedtte CT 2 conditionwhere scans

204 identifiednondisplacedractures to the bones of the suspensorium and minimal gas intrusion
205 (Table 2;Figure,1b). Scans fronish inCT 3 showed displaced or comminuted fractures to the
206 bones of thessuspensoriyaired withobvious gas intrusion that was traceable to the |etbleo
207 orbital floor (Figure 1c); this condition was found in five raofd eight eydéooked fish (Table
208 2). The highest proportion of fish in CT 3 were hooked in the eye, followed by roof.

209 Gross Necropsy.(GN) and Comparison to Computed Tomography (CT) Scanning

210 Gross.necropsies were performedatiroof- and eye-hooked fish, and five control fish
211 (total=33. The remainder of the control fish were examined for external damage but not
212 dissected. Damage seen by dissectionavasult of hook injury,liafish were assigned one of
213 the three gross necropsyury categoriegTable 3. All 14 control fish fell intdGN 1; full

214 dissections of all control fish were not necessary to determine their placement iasaiéd

215 control fish not fully dissected weoensistent with five control fish that were fully dissected.
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216 The proportions of fish in GN1, GN2, and GN3 for roof- and eye-hooked fish were similar to the
217 proportions in the CT categories (Tablel®)a fewinstancesthe CT categories overestimated
218 or undeestimated the degree of damagpedetermined by GN but hadogal percent agreement
219 of 80.9%with GN. Discrepanciesnostly occured between categories 2 andige CT

220 interpretatiomunderestimated the damage in foasesand overestimateidl in three.For roof-

221 hooked fish, there was no statistical difference in injury score assignment between the CT and
222 GN (K-S testdmx = 2,p > 0.50).

223 Forfishin GN 1(n=19), all damage was superficial. Lacerations tortheosan the

224  roof of the mouthwereobservedut no fracture wasbserved, and no damage occurred to the
225 superficialynuscleThe CT assessment scorédand theGN scored? for only one individual,

226  which had"a chip fracture in the endopterygoid, along with slight damage to the surrounding
227 superficial musgle.

228 For fish inGN 2 (n=9), fractures of varying types and severiteethe endopterygoid

229 were observed but soft tissue damage did not extend past the superficial muscle, which was often
230 Dbruised oftern=Of thenine fish scored as CT fiye of these were also scored@H 2.

231 ForfishinGN 3 (n=14) fractures of varying types and severitesurred to the

232 endopterygoid and ectopterygoithe superficial muscle was damagadd damage occurred to
233 the extrageular musclesd/or to the optic nerve.@mhatoma wasftenpresent in the orbital

234 floor. One roof-hooked fish and three eye-hooked fish sustained injuries to the optidierve.
235 the 13 fish'scored as CT 3, 10 were asored a$&5N 3.

236 Of the"s, fish hooked in the roof, four fell into GN 1, five in GN 2, and seven in GN 3.
237 Of the 12 fish-hooked in the eye (globe or fornix) via the roof or upper jaw, one was placed in
238 GN 1, fourin GN 2, and seven in GN 3. All control fish were placed in GINvélveout of 16

239 (75%) roof-hooked fish sustained a combination of fractures to the suspensorium, dacefati
240 extraocular.muscles, and/or optic nerve damagsessment by CT never diagnosed damage
241 where none was detected by gross necrofisgre was no identifiable consistent manner in

242  which the endopterygoid was fractured, except that the thinnest parts of the bonsogtere

243 susceptibleadamage.

244 Theweighted average GMjury scores for jaw-, roof-, andeye-hooked dolphinfistwere

245 1.0, 2.2, and 2.5, respectively, and were 1.0, 2.0, and 2.6 for CT sboea®sults of the

246 KruskalWallis test showed differenc@sthe severity of hooking injuries amojayv-, roof-, and
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eyehooked fistfor CT (y* = 22.6, p < 0.001and GNtechniqus (y* = 22.3, p < 0.001)Post
hocanalyses for each categorization revealed differences between jaw afui<@003 and
jaw and eydp < 0.001) for both GN and CT techniques; howetlate were no differencés
injury scores between roof and eye (p > 0f@bkither techniqueThus, roof-hooked
dolphinfish.have injury levels that are closer to eye-hooked relative to jaw-hooked delphinf
DISCUSSION

The“effects ofoof hooking in contributing to C&R mortality have seldom been studied
comparedto'the total number of ®&mortality estimateOur prediction that dolpinfish
hooked in the roof of the mouth would sustaijuries that are more severe thaw-hooked fish
was supportediby computed tomography (CT) and gross necropsy (GN) findings. While our
sample of 26 roof-hooked fish is modest, the extent and variability in injury was ggtensi

There was a high percentage (75%) of roof-hooked dolphinfish with damage to the bones
of the suspensorium, extraocular muscles, and/or optic nEmeesame injuries wexserved
92% of the,time in eye-hooked fish. CT scans and GN results had similar findings when the
bones of thersuspensorium were fractured; however, there was ambiguity in detgti@nin
extent of softtissue damage with CJIT scans more accurately show bonactrre, so
differences.in fracture severity were easily discernable to categorize fish in either CT 2 or 3.
Tracing the"path of gas influx provided some indication of the extent of damage present, but
results from gross necropsies were more definitfee.roof- and eye-hooked fish, internal
damage to.the musculature, nerve pathways, and the orbit can vary in severity and is not
necessarily‘correlated with the severity of fracture. The gross necropsies served to validate the
diagnosesfrom the scans, aido provided more specific information on soft tissue damage.
The diagnoses from the CT agreed with the GN around 80% of the tienbaVé demonstrated
the use of CT faor comparing the severity of hooking injuries across hooking locations that are
difficult to,observe and have nio¢enpreviously studied inlolphinfish.

The.endopterygoid and superficial muscle provide a thin layer of protection between the
oral and orbital cavities and are not suited to withstand hook damage. Our undegstétioese
injuries provides insight into the potential for poslease survival. The injuries we descriaa
result in severe eye damage and potentially impair vision. For example, damagemns threthe
sclera, intraocular hemorrhage, and enucleation were desiigas injuries most likely to result
in longterm visual impairment of stream trout (DuBois and Dubielzig 2@dh hooked in
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eyeassociated tissues will likely suffer a degree of vision loss, which has been associated with
higher mortality (Warner 1976, Pauley and Thomas 1988glectively harvesting, anglers may
consider choosing to keep individuals with greater hooking damage (Brownscombe et al. 2017).
Given the importance of sight-feeding to dolphinfish, we recommetathingindividualsof

legalsize with,eye or roehooking over fish hooked in the javdditionally, trolling with circle

hooks would reduce the amount of deep (e.g. eye and roof) hooking (Rudershausen et al. 2012

Dolphinfish hooked in the roof of the mouth sustained higkegrees of damage than jaw
hooked fish:*Fhus, hooking in the roof of the mowtsuld likely result in higher mortality than
jaw hooking based on the injurigsatwe observedrractures and muscle damage often cause
blood lossgand,these hook injuries can create pathways through which seawater and pathogens
may be introduced to vital areas. Depending on the severity and location of hooking damage, the
presence of bleeding is often linked to post-release mortality, as it is dapendbe perfusion
of vasculature and critical organs (Arlinghaus et al. 2007). Numerous studief®iadehat
bleeding, along with hooking location, are the most important factors when assessaigymort
of angler-caught fish (Nuhfer and Alexander 1992, Meka 2004, Weltersbach and Strehlow 2013,
Gargan et'al.2014yVe did not observe bleeding immediately after angling, althdwgghatoma
wasoften'present in the orbital cavity roof-hooked fish with medium (GN2) or high degrees of
damage (GN3). While the degree of physical trauma can be a good predictor of mortality
(Domeier et al. 2003, Skomal 2007) wecommend morequantitative estimate of C&R
mortality by hooking location in dolphinfish using experimental caging (Grover et al. 2002,
Gutowskyetal2015)arge-scale markrecapture studyRine et al. 2003, Rudershausen et al.

2014) telemetry (Caanno et al. 2016), anse ofaccelerometer loggers (Brownscombe et al.
2013, Lennox et al. 2018).

Of the studies that have examined injuries and mortality for roof-hooked fish, the result
have been mixed and are likely species-specific. Roof hooking has been observed aretidescrib
in other pelagic fishes (Falterman and Graves 2002, Prince et al. 2002, Prince et al. 2007).
Falterman.and Grav¢2002) assessed hooking mortality among pelagic fishdsletermined a
discard mortality rate of 80% for fish hooked in the roof of the mdwtever, the sample size
was small (n=5), and the mortality rate determined forhawaked fish (corner and lower jaw)
was also notablhigh (48.9%). The injuries to roof-hooked dolphinfish were very similar to
those described by Prince et al. (2002, 2007) for roof-hoAHKadtic sailfishIstiophorus
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platypterus. Hooking in the roof of thenouth resulted in lacerations to the rear padaie
hemorrhaging of the eye in sailfish (Prince et al. 2007). The authors classified hootiag i

roof to be an undesirable location that may lead to igbsése mortality due to latent injuries to

the eye. The resemblance of roof hooking injuries between our study and Prince’s (2002, 2007)
findingsare likely a result of similarities in anatomy, as both dolphinfish and sailéigla an
insubstantiapalate Among more distantly related fishes inhabiting different environments,
resultsfor roof'hooking were increasingly varied. For example, in cutthroat @ocdr hynchus

clarkii individuals hooked in the jaw had an estimated mortality rate of 6%, thiokehooked

in the roof of the mouth showed a mortality of 29%. (Pauley and Thomas 1993). In pumpkinseed
Lepomis gibbasus with molariform teeth, roof hooking was insignificant in discard mortality
estimates (Cooke et al. 2003), and in Chinook salmon, the frttoé mouth was designated as a
location with minimal injury and treated as a control for mortality estimates (Grover et al. 2002).
We recommend future research on hook injuries for fishes known to have mouth and eye
morphologies similar to dolphinfish asdilfish.

Wesobserved severe injuries tperipheral hooking location that outwardly does not
appear to result in severe injury. This has also been the case for roof injuriesitotbhaef
Thunnus thynnus, in which the same injurgould onlybe chaacterized by performing gross
necropsies(Belle 1997). In sharks, hooking damage to the basihyal was suggestedino result
high mortality, which was unexpected (Danylchuk et al. 2014). Serious injuries from hooking are
likely found. in other fishes and is an area worthy of future reselamieasedise of these
diagnosticdools for specific species and fishendkaid to the understanding of hooking
injuries to different locations and allow anglers to make more informedaeciwhen
practicing/catckand+elease.

Our research is unique that it used detailed necropsy and medical imaging to reveal
cryptic hogking.injuries. CT scanning may be a tool that C&R researchers chaeseih future
studies given.the agreement betwapproacheand the timesavings of CT scanning.
Additionally;#CT scanning could be used as a first approach to identify sevgrebd fish for
GNs.GNs weremore insightful butequired considerably more tinilgan scanning. However,

GN validated the CTnterpretatiorand revealed the mechanism and character of the respective

injuries.
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339 While this study was specific to dolphinfish, we demonstrate a novel applicatian of C

340 techniques that are becoming more accessible with improved technology, free imaging software,
341 andscientific interesbf scanning fish. In tandem with detailed necropsies, CT offers an

342 enhanced technique to characterize injuttes provides insight into potential risk for post-

343 release mortalityThe application of similar methods to other fish spewith similar anatomies

344  could expand our current understanding of the various injuries caused by hooking.

345
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496 Figure Descriptions

497  Figure 1. Computed Tomography (C3Qan diagnoses dolphinfishCoryphaena hippurus by
498 category. Bchrincrement of scale bar on fatistside of the image represents 1 cm.

499 1la. CT 1 - No visible damage or trauma to the suspensorium or to the orbit. Individual was
500 hooked in the jaw, and served as a control. Gas present in small quantitiedliilataral

501 behind theeyesis attributed to decapitation and/or decompositiomos indicate the intact
502 bone structurewof the endopterygoid in transverse (left) and coronal (rigibnse

503 1b. CT 2 —Fraeture to bone(s) forming the suspensorium paired with asymmetrical gas influx
504 continuous.from the fracture site extending into the base of the orbit (gas is déofihe

505 orbital floer): Individual was hooked in the roof of ttn®uth. Arrows indicate fracture site of
506 endopterygoid (oblique, displaced). Gas is continuous from the oral cavity to the base of the
507 orbital floor.

508 1c. CT 3—Severe fracturédisplaced or commuted)to bone(s) forming the suspensorium,
509 paired withrasymmetrical gas influx continuous from the fracture site extendihthpaorbital
510 floor to the level of the optic nerve, extraocular musclefi®@eye Individual was hooked in the
511 roof of the, mouthLeft arrow indicates gas influwhile rightarrow indicateshefracture site of
512 endopterygoid.(comminuted). Gas is continuous from the oral cavity past the dobital f

513 including around the globe.

514

515 Figure 2. Suspensorium of dolphinfi€loryphaena hippurusin lateral view (a) and ventralew
516 (b). Abbreviations: ecp=ectopterygoid; empdopterygoid; mpimetapterygoid; palsalatine;
517 para=parasphenoid; g=quadratem=vomer.

518
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519 Figure la.
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523 Figure 1c.
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527 Table Descriptions
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528 Table 1.Number of fishcollected per dockside-designated hooking location, and mean amd rang
529 of fork lengths of all fish and locations. Four fish were not measuredladed in these

530 averages.

531 Table 2 Computed tomography (CT) and gross necropsy (@®gorization of all fish based

532 on docksidedesignated hooking locations.

533
534 Table 1
Hook location Number of  Average fork Range (mm)
Fish length (mm)
All fish 42 679 480-985
Roof of the mouth 16 746 504-985
Eye 12 748 505-950
Jaw 14 584 480-880
535
536 Table 2
Roof (16) Eye (12) Jaw (14) Total (42)
CT1l1 5 1 14 20
CT2 6 3 0 9
CT3 5 8 0 13
GN1 4 1 14 19
GN2 5 4 0 9
GN3 7 7 0 14
537
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