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ABSTRACT: Large, mesopelagic teled&hes have gotentially keystone position in the ecology of the
pelagic water.celumn, yet remain relatively unstudied when compared todangeerciallyymportant,
epipelagicifishesHere, he ecological roles of foularge, vertically migrating teleosts were exaed.
Stomachcontent analyses were performed4@oilfish (Ruvettus pretiosis), 35escolar (epidocybium

flavobrunneum), 32snake mackerel@empylus serpens), and 7lancetfish Alepisaurus spp.) collected
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from pelagidongline in the western NortAtlantic Ocearfrom 2007 to 20100f these specimens, stable
carbon and nitrogen isotope analyses vadseperformed orwhite dorsal muscle tissdim 33 oilfish,
16 escolar 27 snake mackerel, aitllancetfish Based on literature lengttmaturity valies,all escolar,
shake mackerel, and lancetfish specimens were mathile,13 of the 33 oilfish were juveniles.
Crustaceangnnelids, salps, cephaloand teleosts were presenthe stomachandwerepresumed
prey items/A KruskalWallis test showed the four species to be isotopically segregated in both 3*°C and
8'°N. Escolar were the most depleted in 5*%C, followed byadult oilfish, juvenile oilfishlancetfish, with
snake mackerel the most enrich@he depletion in 5'°C of adult oilfish and escolanay have been
attributable to high C/Nalueswhich werestronglycorrelated with legth n oilfish, weaklycorrelated
with lengthiin escolaand moderately correlated with length in snake macke@lancetfishThe high
C/N was likelysdue to the high lipid concentration of these fiséiser factorsvhich may have
contributed to'the¢’depletion in 3*°C mayhaveincluded spawning or a change in carbon sowiitign the
ecosystem. Large escolar ocpthe highest trophievel (§°N=10.20) followed bysnake mackerel
(8"°N=9.66), adult oilfish (5°N=9.32),lancetfish(5"°N=9.05),and pvenile oilfish §'°N=7.83). Amarked
changen oilfish §'*C and C/Nat 30-35cm fork lengthcoincidedwith apresumed lengthtmaturity.

KEY WORDS 'ailfish, escolar snake mackerelancetfish stomach contenttable isotope

INTRODUCTION

Top-predatory fishesf commercial importancesuch aghunnidtunas and swordfistXiphias
gladius, are’known to includa broad suitef midwater animalsn their diets (e.g., Potiet al., 2007).
However, thesecological roles of these prey items is poorly knhehand light avoidance, migration,
and lack of observations have led us to know more about the sessile benthos tretenaitwals
(Nybakken, 1993; Robison, 2008jediumbodied mesopelagic fishes, includinish Ruvettus
pretiosus, escolatepidocybium flavobrunneum, snake mackeré&empylus serpens, and lancetfish
Alepisaurus sp., areoccasiondy caught as bycatch dugmpelagic longline fishing operatiotargeting
swordfish and tuna in the epipelagic zonQ® m) Escolar are known tmakediel vertical migrations
to the surfacat nightbeforereturning to thenesopelagic zone (200-1000 m) during the day (Kerstetter
et al., 2008) and limited diet data suggest similar behavior for these other mesopsagies (e.g.,
Romanowet al., 2008).

Trophic studies are used define the prey items amditritional and eergyrequirements of
animals. The historical method for diet analysis was visual observatiowligiested gut or fecal
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contentsBiases in this method can occur due to the difference in the digestibiptey itemgi.e., what
is assimilated versus inges}euhd the inability for a single sample to capture variation within a diet
(Bowen, 1996). Stable isotope analysis provides another technique thatoeonte these problems
Consumers become enriched with heavier stable nitrogen and carbon iso@pesdictablestepwise
fashion with'increasing trophic level (Miyake and Wabt@67; DeNiro and Epstein, 1978, 198lyens,
1987). Carbon stable isotope enrichment is relatively conservativie asell to trace carbon sources
through a food web (DeNiro and Epstein, 1978; Fry and Sherr, E8&dce 1995; Hecky and Hesslein,
1995; Wadaet al., 1993).Stable itrogen isotope enrichment is stepwesad is used to determine trophic
level (DeNirg and Epstein, 1978; Cabana and Rasmussen;, y&8@er Zanden and Rasmussen, 1999).
Stable carbon (5'°C) and nitrogen (5'°N) isotope ratiosire increasingly used as natural tracers in
ecosystemstudie® éterson and Fry, 1987; Hobson and Welch, 1992; Kliah, 1992; \ander Zanden
and Rasmussen, 199%hile stomach contents determine predator-prey interacstatgeisotope ratios
provide quantitative values for prey material that are actually assohilatio consumers after feeding
(Fry and Arnold, 1982).

Qilfish, escolar, and snake mackerel are members of Gempylidae (Czilkdt{e1984;

Nakamura and Parin, 1993; Nelson, 2006), whiheetfishes are members of Alepisauridae (Robins,
1986. Qilfish and escolar have sefoisiform body shapewhile snake mackerel and lancetfish have
anguilliferms:bedy; shapesSharp, needléke teeth are present oilfish and escolar an a greater

degree in snakeéimackerels and lanceffi&bbins, 1986; Nakamura, 1991). Qilfish and anguilliform
fishes likessnakesmackerahd lancetfish are thought to be ambush-type predators (Bone, 1972;
Nakamura and Parin, 1998)ilfish and escolar are kept and sold by commercial fishermen in thefGulf o
Mexico and western North Atlantic OgeaDther gempyligpecies are currently targeted in Asia with
shore seining, set nets, and small trawls, and in Europe, southern Africaliaustew Zealand, and

South Americarby recreational anglers and commercial trawls (FAO, 1978 188%),1992; Nakamura
and Parin,(1993). Lancetfish have also been used for human consumption (Robins, 1986).

Qilfish, escolarsnake mackereghnd lancetfish are known to feed on fishes, squids, and
crustaceans (Nakamura and Parin, 1%88ieret al., 2007; Vasilakopoulost al., 201]. Lancetfish from
the Indian Ocean hattustacearominatediets followed by teleodishes and cephalopods having a
minor role. Diets.varied geographically and Alepisauridae, incluélifigrox, was the main fish family in
the gut ¢ontents measured by the mean proportion reconstituted weight, whiakeidstimelevel of
cannibalism(Potier, 2007)The linkages between these four mesopelagic fishes and the apex predatory
commercial fishes have been examined with increasing detail Romanowet al., 2008). However, the
descriptions of the diet and troplgosition of the large mesopelagic fishes has not been done in a
comprehensive mannegspecially within the same geographic atésing combined stomach content and
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stable isotope analyses, we describe the diet and trophic position chstiestii thes four co

occurring mesopelagic fishes for the first time.

MATERIALS AND METHODS

Samples were collected during commercial pelagic longline fishing opersdiaeting
swordfish and tunfrom January 2007 through January 201Q.S. waters othe westerrNorth Atlantic
Ocean(between 28-36N, west of 78 W). Thehooks wergredominantly baited withlex argentinus
squid ranging from 150-300 g in weigiear waset during sundown and retrieved shortly after dawn,
and any intaciesopelagic bycatch waeptwholeon iceupon retrievalEachindividual fish was
weighedand,morphometric measurements were recootdbard or in the laboratory before dissection.
Large escalar/retained for sale by the vessels messured, stomackhsreremoved, anthehead and
dressed weight&erelaterobtained from the fish hous&lepisaurus ferox andA. brevirostris were
combinednto a fourth species dflepisaurus spp. for analysisdue to difficulty in differentiation among
partially damaged specimens obtained oppustically from cooperating commercial vessels

Tissue samples were taken from the white dorsal muscle tissue, placedaltaas) and
frozenat 0°C for later stableisotopic analysisstomachs wereemoved, weighed, fixed in 10% buffered
formalin, and then placed in isopro@jtoholfor final storage prior to manual content analysis. The
muscle tissuessamples for stable isotope analyses placed in aluminum trays in a drying oven for a
period of three days at 6Q0° Large pieces were ground into smaller pieces with a mortar and, pestle
the remainingssamples wepelverizedwith a WigL-Bug homogenizer before weighinghe extant
literature does not include definitivalues for sizeat-maturity.

Simplesgonadosomat index(GSI) values were calculatgzer Crim and Glebe (2002)s theratio
of thegonad weighto the total weight The resulting GSI values wensed as an approximation of

spawning periodicity and state to verify values obtained from the eiteature.

Stomach Content AnalysisStomachs were opened using a dissecting knife or surgical scissors.
Contents were separated, individually weighed, measured, and identifiedawdisé possible taxa.
Count of hard structures that only occurred once per prey item was usaehfiifidation of disarticulated
prey items andwet weight wasbtained by blotting liquid frorprey itens before weighing. Prey items
identified-as baie.g., Atlantic mackeredcomber scombrus, which is not found in the study areasquid
of the bait sizavith damage consistent with being on a Hos&re not included in stomach content
analysesPrey items were analyzed for frequency of occurrence, percent number, amd weiglet
(Bowen, 1996)Empty stomachs were excludigdm calculations and partially digested material was
included in percent weight calculatioosly. Partially digested material was defined as homogenous,
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highly digested material that was unidentifiablgkast or animal matter. Unidentified animals were
defined as animal tissudsatwere not further identifiable to taxa.
For each prey type within a predator species (Bowen, 1996; Hyslop 1980):
Frequency of Occurrence = Number ofgators with prey type preséibtal number of predators
Percent Numbe@oN) = Numbe of individuals of a prey typ&otal number of prey items
Percent Weigh%\W) = Total weight of a prey typ8 otal weight of stomach contents
The relative importance indexas calculated usinGeorge and Hadley (1979):
Aig= % frequency of occurrence + % total number + % total weight, and
Ri, = 100A /Y Al 4,
where A, iSithe absolute importance index, and for food itedi gis summed over all food types.
Theindexof relative importance (IRI) was calculated to represent the piapof each prey
item in the diet of each species (George and Hadley, 1979)
IRl = %0 (%W + %N)
The IRl is then converted to a percentage (per Cortés, 1997):
%IRI = 100*IRI /ZIRI

Stable Isotope AnalysisStable isotope compaositiomary among organisms and are expressed as the
ratio of heaviefte lighter isotopes over that of conventional standards. Gione¢standardare
atmospheriair for nitrogen and Pee Dee belemnite cadie for carbon (DeNiro and Epstel978,

1981). The formula for determining 8*°C and 5 N is as follows from DeNiro and Epstein (1978, 1981):

X = [(Rsampie/Rstandard - 11 * 10,
where X isF€.0r*°N and R is the corresponding ratie/**C or ™>N/*N.

Tissue samples were analyzed for carbon and nitrogen stable isotopes oma Dbka V
Advantage mass spectrometer in continuous flow mode coupled to a Costech #@di&lAnalyzer
(EA) via a Thermo Conflo IV. Dehydrated muscle tissue was weigghadhieve a final sample weight
ranging from 0.83.8 mg and packed into tin capsules (Boutton, 192dul et al., 1992 Each run
included a'set of standards for everyl®samples. Standards included USGS4@l{itamic acid),
USGS41 (lglutamic acid)and Costech acetanilidendtheywere run with the same parameters as the
samples. Reprodueibility of the standards was <0.2%o (1SD) for both §'*C and 3"°N. The error associated
with all data points was +0.2%o.

Statistical Analyses.The study region has a tropiclbtropical climate with a summer wet season and a

winter dry season, especially in the offshore waters targeted by the commdagjia lpmgline fishery.

Historically, the median start date of the summer season on tt@aFp@ninsula has been between 21-29
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May and the winter season median start date hastederen 17-24 Octob@Beidinger and Lushine,
1993). Samples were examined for seasonality using these seasonal dividiengeaf t

Tests for normality, Kruskalvallis tests, and ManWhitney U testsvere performed in SPSS
(IBM, Inc.; versionl9) and R(version 2.10.}, with figures generated in R. Percent occurrence, percent
number, percent weight, and relative importance indices were calculatgdusgrams witin
spreadshegts in Microsoft Excel 208FuskakWallis tests were performed @&°C and §°N between
speciesMannWhitney U tests were performed withépecies to compare 5"°C and 5"°N basedbn sex,

seasonality, and maturity.

RESULTS

Stomachicontent analyses were performed on 48 oilfish, 35 escolar, 32 snakenac#et
lancetfish Alepisaurus spp.)collected fronthe pelagic longlindisheryin the western North Atlantic
Ocean from 2007 to 2010. Stable carbon and nitrogen isotope analyses weregpeofomnite dorsal
muscle tissue of 33 oilfish, 16 escolar, 27 snake mackerel, and 7 lanadtfiflwhich werealso
sampled for stomach content analysis.

GSl valuescalculated during the study compared with season were consistent with a spawning i
mid- to late. summer for oilfishs{milar toVasilakopoulos et al., 2011) agdarround spawning for
longnoseglaneetfists(iggested ilNakamura and Parin, 1993). Spawning seasons were not detefarined
escolar and snake mackefi@m theGSI data in the present stydthoughNakamura and Parif1993
suggestedhatsnake mackerel spawn yeaund. No lengtkat-maturity data exist for oilfish. Escolar
reach sexual maturity at &b cm or earlie(Maksimov, 1970) Snake mackerel males obamaturity at
43 cm and.females at 50 cm (Nakamura and Pa#®3). No maturity data exikir lancetfish which are
known to be hermaphroditic when young and seqakimdirmaphrodites as adults. Study individuals were
separated intosjuveniles and adddesed on visual examination of gona@dfish are the sole species in
the genufRuvettus and escolar are a close relative to oilfish within the Family Gempylidabikisiwa,
1982; therefore, the sae lengthat-maturity for escolar was assunied oilfish. All escolar, snake
mackerel, and lancetfish captured were considered adults. Oilfish seoptleid studyfell into distinct

juvenile and adult groups.

Stomach Content Analyseskor oilfish, 52% of 29 stomachs examined were empty; 35% e&@8lar
stomachs were empty; 24% of 25 snake mackerel stomachs were empty; and 50%atfighlanc
stomachs were emptyhe percentage of stomachs that contained only unidentiffzdoigally digested
material was relatively high for oilfis{66%9 and esclar (35%) when compared i snake mackerel

(4%) and lancetfish%o). The percentage of stomachs with unidentifigbéetially digested materiallso

This article is protected by copyright. All rights reserved



present with other identifiablegy itens was low in oilfish (14%)escolai(17%), and lancetfisiil17%),
anda higher prcentage in snake mackerel (36%tomach content data for each specieparsented in
Tables 1lad as percent occurrence, percent number, percent weighgeeraht index ofelative
importance IRI) for prey itens.

Identifiable prey items in oilfish stomacfiBable1d) included crustaceans (decapod shrimps and
unidentified), cephalopods (squidnd teleostéunidentified) Crustaceans were the pigpupwith the
greatespercent occurrencg0.0%), percent number (61.3%) and RI (40.6). Percent weight for
crustaceans waks2%. Squid were present with 420occurrencel9.46 number, 48.% weight and
%IRI of 37.3.Teleostsvere the leastepresenteg@rey group preent in percent occurrenceb(3%),
percent numbe(16.1%), percent weight (3.1%and%IRI (18.5).

Prey'itemsound inescolar stomach3able 1 includedcephalopodssguidand unidentifiedl
and teleoststhidentifiedand larvag Cephalopods made up the major portion ofebenlar stomach
contents by percemiccurrencg€60%), percent number (72.7%ercent weigh54.3%), andslRI
(68.0. Teleosts hadnequal percent occurrencedfh), and lowerpercent number (23%), percent
weight (0.9%), andbIRI (32.0) than tbseof cephalopods

Crustaceang&unidentified) salps, cephalopodsquid and unidentified)eteostgporcupinefish
Diodon sp, flying fish, and unidentified), an8argassum sp.were present in the stomaatfssnake
mackerellables1¢. Cephalopods comprised the largest portion of stomach contents in percent
occurrence (78%), percehnumber (60.0%), percent weight (79.1%), &6itRI (68). Teleosts were the
second largest:group thediet in percent occurrence (36.8%), percent number (22.5%) npereight
of (20.1%), an@slRI (24.5).Crustaceanand salps combinduhd a relatively low percent occurrence
(5.3%), percentznumber (24, pecent weight (<0.1%), and %IRI (4.8).

Crustaceanghyperiid amphipoddgncludingPhronima sp.,and isopods)polychaetesmollusks
(gymnosomesysquidérgonauta sp., and unidentified cephalopodslps, and teleostbatchetfish,
lancetfish, larvae, and unidentifieddcurred in the stomachs of lancetf{lable1d). Crustaceankad a
66.7% occurrence, compris¢he greategiercent number (34.4%), and had a 7.1% weight, &atRa of
18.5. The parasitic hyperiid amphipBtromina sp.was presenin many host sakidentified Salps were
an important prey group with a 66.7% occurrence, 20.8% number, 25% weight)Rinaf 19.2.
Mollusks occurred in 100% of the stomachs and had 15.6% number, 14.8% wei@htRad 22.3.
Teleostdhad a percent occurrence of 66.7%, a percent number of 13.5%, a percent whghrmfand
%IRI of 18.1.Polychaetesvere present with a percent occurrence of 33.3%, percent number of 10.4%,
percent weight of 3.0%, ardIRI of 8.0.A strip of a blackplastictrash bag was also found in one

stomachwhich was excluded from analyses.
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Stable Isotope AnalysesStable carbon and nitrogen isotope analyses were performed on white dorsal
muscle tissue of 33 oilfish, 16 escolar, 27 snake mackerel, and 7 lantetfislerealso sampled for
stomach content. Carbon and nitrogen stable isotope values were complasgbeiis, gender, and
season, for all four speciemd maturityas well for oilfish, the only species that included juveniles and
adult specimensSignificance was determineti@a< 0.05.

Kruskal-Wallis tests were performed on 5'°C amongspeciesEachspeciesvasisotapically
segregated i™C (3*=49.1, df=4, p<0.001(Figure 2) MannWhitney U tests showed statistically equal
8"°C distributions between genddts oilfish (\W=0, p=0.67) escolar \\=5, p=0.86), and snake mackerel
(W=52, p=1.0). lancetfishwasnot analyzed for gender difference due togpecies’ hermaphrodism
MannWhitney U testalso showed statistically equal 3*°C distributions betweeseasonor oilfish
(W=133.5, p=0:97)escolar{\\=34, p=0.71), snake macker#{562, p=0.57), and lancetfisiMc7,
p=0.25).All'escolar, snake mackerel, and lancetfish captured were considered Aduitsnd juvenile
oilfish wereboth believegresentlue to thésotopic segregain in both§'*C (W=28, p<0.001)Figure
3A) and 3N (W=239, p<0.001)Figure B).

KruskalWallis tests performed on 5'°N indicatedthateach species was isotopically segregated
(x*=15.6, df=4, p=0.001)Higure 3. MannWhitney U tests showed statistically equal 8**N distributions
between genders for oilfisNE 1, p=1.0), escolaM{=6, p=1.0), and snake mackerdl{49, p=0.84).
Lancetfishsweresnot analyzéor genderdifferencedue to the lack of males captured. Maithitney U
tests also showedmo statistical differences in 8*°N between seasons for oilfist¢€ 135.5, p=1.0) escolar
(W=14, p=0:09);=snake macker®£62, p=0.60), and lancetfisiMe 7, p=0.25).

Because of the high lipid content present in the tissue of these spedigsCaNwas anticipated
as lipid is compesed of chiefly carbon. Total body lipid content can also vdshiad they become not
only reproductively mature but it can also vary during spawning season wittothection ofeggs
Spearman’swrank correlations were used to identify relationshipsdreal with length for each
species. Qllfish C/Nvas strongly correlated with fork lengt&=(1289, p=0.78, p<0.001) Escolar C/N
wasweakly correlated with fork lengtts€228, p=0.37, p=0.21), snake mackerel C/N was moderately
correlated with fork lengthS=2946, p=-0.46, p=0.03), ahlancetfish C/N wamoderately correlated
with length &=41,p=0.51, p=0.19) (Figure 4).

DISCUSSION

A total of 122 individuals from these four mesopelagic fishes weteated for this project.
These numbers do not reflect the actual abundance or size distributibaseo§pecies, aatch rates of
these fishes are typically very low in this fishery (see Kerstetter aned&r2006), and even when

hooked by the gear, they are rarely seen whole after gear retiiegahherentaectivity ofthe
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samping gearalso resultedn presumed truncatesize ranges due tbe largehook §ize 18/0 circle
hook) used by theommercial pelagic longline vesseked to collect specimeirsthe studyHowever,
the age distribution dhese specimemsay also be aesult of distincterticaldistributions in the water
column, horizontal distributions, foraging behaviors, or other distinctive behafiadalts and juveniles
within thé specieslhese results nonetheless present the most complete trophic desofigtiefour
species to date.

The dominant prey items in all four fish species were largely benthic andsd¢ineertebrates.
Based on the residence of prey in the stomachs, this would indicate thesedwnipantly forage in
deeper waters during the day. At night, the periods whesetiseeswere caught opelagiclongline
gear, they may forage on softer bodied invertebrates that are digesteglaagidre not identifiable.

In particular, annelids were only present in lancetfish stom&¢asserung and Johns¢i976
reported thathiter'stomachs of lancetfish are used for food storage as well as active dig€stattribute
the absence @nnelidsrom oilfish and escolar stomachs to the high digestibility of these sofil,
bodied orgarims and the higheatesof digestion found in oilfish and escolar stomachsil&rly, salps
were a very small portion of snake mackerel preyyatdn important part of lancetfish digthis group
was also absent from oilfish and escolar stomachs. Salps are the host organisenfiphiped
crustaceatPhronima sp., which occurred in high numbers in lancetfish stomadtrenima sp.
amphipods:hee.alsobeen previously observedlencetfish stomachs frothe tropicalsubtropical
westernNorth AtlanticOcean(Satoh 2004).The presence of identifiable salpsoft-bodied, planktonic
tunicates =strongly suggestthat lancetfish may be foraging for these invertebrates in the upphbs dépt
the water columnThe piece of plastic in the stomach of a lafisletis also consistent with reports from
stomachs inthePacifidgntzet al., 2013)

Mollusksiappearetb bean important prey group across all species; however, this prey group
may beoverrepresented due to the uséllak argentinus squid as bait during many of the pelagic
longline operations in the area. The relatively high digestibility oktlseftbodied animals may also
have contributed to a portion of the partially digested material foundfishadind escolar stomachs.
Cephalopods were poably an important prey group for lancetfish in the area, with both gymnosomes
and an octopod also present with squid in lancetfish stomachs.

Teleosffishes were a large portion tifie totalprey compositiorin all four speciesTeleosts in
shake mackereitomachs includeBiodon sp. porcupinefish and exocoefigingfishes, which along with
buoyantSargassum sp.macroalgae, suggests feeding at or near the suHawever, €leosts in
lancetfish stomachs included sternoptydtidichetfishe andAlepisaurus spp., indicating feeding which

occurred deeper in the water column.
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Lipids are an integral component of all four species tissues and pvéact that body lipid
content can vary with age and reproductive status, we chose not to ligid tiermuscle §*°C.
Additionally, no studies currently provide a reliable correction fatioany taxonomically similar
species (see Logamal., 2008).Lipids within an organism are depleted in 5'*C relative to proteins and
carbohydratés;"and tissuesiwiigh lipid content will therefore show depleted 8*3C values relative to the
whole animal. Strong relationships have been shown between C/N and lipid cgmténgritent and
8"°C, and bétween C/N and §'°C in animals (Posit al., 2007).

Escolar and oilfish had the most deplei&i€ of the four species, averaging a depletion of more
than 2%o. This disparity appears to be greater than would be explained by slofthalone Oilfish
showed ncreasinty depleedd™*C valueswith maturity (Figure2a), whichdid notcoincide with any
differencein‘preyitemswith maturityfrom stomach content analys@he relativelynigh C/N observed
in both adultoilfish (5.2%0 7.49)and escola(5.78to 10.10) when compared with juvenile oilfish (3.15
to 6.32), snake mackerel (3.07 6.26) andlancetfish (2.90 to 3.34hay bean effectof high lipid
content, a®ilfish and escolatissuesare known taontainhigh levels ofipid in the fom of wax esters
(Nakamura and Parin, 199®)ilfish obtained from this study sh@da marked increase in C/N at-36
cm that is strongly correlated wishsignificant shift irs**C. Thismayindicatea marked incrase in lipids
in the tissuevith maturitycaused by an ontogenetic change at 30-35 cm fogtHeEscolar §*°C values
showedasconsiderable spread, which were strongly correla@tltandweakly correlateavith body
length. All escolar captured were considered adults; therefarapility in 8*°C of escolar may be
explainedby:thescapturef fish in differenial spawning state@Box et al., 2010fFigure3).

Juvenile oilfish had the most depleted 8*°N values (6.80 9.0%.) indicaing the lowest trophic
position of the.group. Adult oilfish (7.06 to 10.8)%snake mackerel (7.30 11.8%%40), andlancetfish
(8.39to 10.79%ahad similar, intermediate valuemdescolar hadelatively high 8'°N (8.47 to 13.1%»
andthe higheststrophic position of the gro@alfish 3"°N increased with maturitgFigure2b), indicating
an ontogenetic change in trophic predation with maturity.

Unfortunately, little stable isotope data exists for primary prodwessonsumers in this region
of the soutwestern North Atlantic Ocean. McClellan et al. (2010) reported statilgpe signatures for a
limited number of organisms in the neritic and oceanic waters off Northi@arwhereSargassun
associated shrimps and crabs haifll of 4-5%cand a5"°C of -16. In this same study, yellgack
Carangoides bartholomael was 5.4 and -17.8 and filefisephanol epis hispidus were 5.9 and18.6,
respectively. Netritic crabs were 10.7 afhd.6. Usingconservative trophic fractionation adjustments
(3%o per trophic level fob™N and 1%per tropht level ford**C), potential prey itemwould be
dominantly in the range of 5 &% for 5'°N and -21 to -18%for §'°C. The values we present here for

these four predatonpesopelagic fishes would be supported by the oceanic teleost dataddyort
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McClellan et al. (2010)Additional research at all trophic levels will provide further clarityareing the

ecological partitioning for the fish community of the pelagic ecosystem.

SUMMARY

This study examined the prey items, stable carbon antestalogen isotopic compositions, C/N
ratios and GSiIs of four large, mesopelagic teleosts for which little trophifedistory data exist.
Stomach contents provided a “snapshot” into the diets, showing that they consustaceans, annelids,
salps,cephalopos, and teleostStablecarbon and itrogen isotope analyses showed statistical
segregation. between all four spediedoth 5°C ands™N, providing information on what has been
assimilated from/prey items over a longer period of tiamel combined with stomach content analyses, a
finer resolution’for analyzindifferences in ecosystem use between the spéaiesntogentic shift in
physiology andecosystem use occumthin oilfish between juvenile and adslat 30-35 cm fork
length, coinciding with a presumed lengthmaturity from the present study for oilfishhese data
provide important information about the otherwmsmrly known life historesof thesefour predatory

fishesand suggest further research into ontogenetic behaviors into this megopetaglex
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TABLES

Tables 1a-d.Perecent occurrend@O), percent numbegfoN), percent weight@eW), andpercent index
of relative importancéslRI) of contentdrom 1a) oilfish Ruvettus pretiosus (n=14), 1b) escolar
Lepidocybium flavobrunneum (n=15),1c) snake macker@&@empylus serpens (n=19), and 1d) lancetfish
Alepisaurus spp.(n=3) stomachs sampled from the western North Atlantic Ocekte that rvalues

represent thesnumber of stomachs with contents.

Table 2. Number; mean 5'°C, mean 3"°N, standardleviations (SD)and ranges of oilfish, escolar, snake

mackerel, andslancetfish sampled fridm western North Atlanti©cean

FIGURES

Figure 1. 53€ws=6°N of oilfish, escolar, snake mackerel, and lancetfish white dorsal muscletfeom
western North Atlantic Ocea007-2010.

Figure 2.5%°C (&) and "N (b) vs. fork length of oilfishescolar, snake mackerel, and lancetfish white
dorsal muscle from the western North Atlantic Oc&f®7-2010.

Figure 3. C/N vs. fork length of oilfish, escolar, snake mackerel, and lancetfiglk dorsal muscle from
the western North Atlantic Ocean, 2007-2010.

[Table 1a]
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Prey Item % O % N % W %IRI
Crustacea 50.0 61.3 9.2 40.6
Decapoda
Shrimps 35.7 54.8 6.0
Unident. crustacean 14.3 6.5 3.2
Mollusca 42.9 19.4 48.5 37.3
Cephalopoda
Teuthida 42.9 19.4 48.5
Teleostei 35.7 16.1 3.1 18.5
Unidentifiediteleost 35.7 16.1 3.1
Partially digested:material 38.9
Unidentified"Animals 7.1 3.2 0.4 3.6
[Table1b]
Prey Item % O % N % W %IRI
Mollusca 60.0 72.7 54.3 68.0
Cephalopoda
Teuthida 60.0 54.5 53.9
Unidentified cephalopod 20.0 18.2 0.4
Teleostei 60.0 27.3 0.9 32.0
Larvae 20.0 9.1 <0.1
Unident{ Teleost 40.0 18.2 0.9
Partially digested-material 44.8
[Tablelc]
Prey Item % O % N % W %IRI
Crustacea 53 25 0.1 2.4
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Unidentifiedcrustacean 5.3 25 0.1
Mollusca 78.9 60.0 79.1 68.0
Cephalopoda
Teuthida 78.9 57.5 79.1
Unidentified cephalopod 5.3 2.5 <0.1
Thaliacea 5.3 2.5 0.0 24
Salpidae 5.3 2.5 <0.1
Teleostej 36.8 225 20.1 24.5
Diodon spp. 10.5 12.5 0.5
Exocoetidae 10.5 5.0 17.8
Unidentified teleost 15.8 5.0 1.7
Partially digestedsmaterial 4.1
Unidentified Animals 5.3 7.5 <0.1
Macroalgae 5.3 2.5 1.1 2.7
[Table1d]
Prey Item % O % N % W %IRI
Crustacea 66.7 34.4 7.1 18.5
Hyperiidea 66.7 10.4 2.0
Phronima 333 19.8 4.1
Isopoda. 33.3 4.2 1.0
Annelida 33.3 10.4 3.0 8.0
Polychaeta 33.3 10.4 3.0
Mollusca 100.0 15.6 14.8 22.3
Gymnesomata 66.7 12.5 11.3
Cephalopoda 100.0 3.1 <1
Argonauta 33.3 1.0 0.5
Teuthida 33.3 1.0 <1
Unidentified cephalopod 33.3 1.0 3.0
Thaliacea 66.7 20.8 25.2 19.2
Salpidae 66.7 20.8 25.2
Teleostei 66.7 13.5 25.7 18.1
Sternoptychidae 33.3 1.0 1.0
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Alepisaurus spp. 33.3 1.0 14.6
Larvae 33.3 7.3 <1
Unidentified teleost 66.7 4.2 10.0
Partially digested material 14.3
Unidentified Animals 33.3 1.0 2.4 6.3
Marine pollution 33.3 1.0 10.6 7.7
[Table2]
Mean 6'°C 8°C Range  Mean 6N 8"°N Range
Species n (%0) SD (%) (%0) SD (%)
Oilfish 33 -19.40 1.23 -20.97 t0-16.95 8.73 1.10 6.8t010.81
Juveniles 13 -18.27  1.18 -20.25t0-16.95 7.83 0.70 6.8t09.0
Adults 20 -20.14  0.48 -20.97 t0-19.08 9.32 0.91 7.06to 10.81
Escolar 16 -20.65 0.97 -23.62t0-19.61 10.20 141 8.47t013.1
Snake Mackere 27 -17.31 0.86 -20.07 to-16.41 9.64 1.00 7.50to 11.85
Lancetfish 7/ -17.92 0.35 -18.21to0-17.25 9.27 0.71 8.391t010.79
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