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ABSTRACT 

Evidence is p r esented that bites infl icted by the sma ll squaloi d sha r k, f.~islills b rr/.~iliellsiR (Quo)' and 
Gaimard) , are the causes of crater wounds, crescentic wound s, and r elated sca r s on larg(' pelagic 
fi shes and cetacea ns, Thi s evidence cons ists of a crescentic "wound" ('xperim entall ~' producrd on th e 
side of a dead fish by a living Isi,qtins ; speciali zed morphology of th e shark's basihyoid ca rtil age and 
coracohyoideus mu scles, li ps, labia l cartil ages, a nd sp iracl('s, that, togeth e r, enable the shark to form 
an or al vacuum on a smooth surface; an ex periment in \\'hi ch a living Isis/ins formed such a yacuum; 
spec ia lized morphology a nd arrangement of the man di bular teeth; closE' agreement behn'E'n the range 
of r eported wound width s a nd the estima ted ra nge o f bite width s of [sis/ills; agrel'ml'nt bl'lwl'E'n thl' 
geogr aph ical ranges of I sistills a nd those fi shes an d cetacea ns whi ch bear cratl'r wounds; and, finally, 
the presence in Isis tius stomach s of hemi sph er oi dal plugs of fi sh flesh, S pecul ation on th e circumstances 
that may enable a s mall, slow sha rk to ma ke contact with large, swift fi shE' s and cetaceans is includE'd, 
I sistius apparently qualifies a s a temporary pa r as ite, 

Probably t he earliest account of the existence 
of sma ll , r oun d or oval, scooped-out wounds on 
the sides of lar ge pelagic fishes is contained in 
an ancient legend of Samoa (A, Utu, personal 
communication) , w hich states that a tu (skip­
j ack tuna, E uthynnns pelam.is (Linnaeu s » en­
ter ed P a lauli Bay, a nd, upon approaching the 
beach, left sma ll r ound pieces of their fl esh as 
gifts to Ta utunu , chief of that community, Evi­
dence of this sacrifice was fo und by th e people 
who caught t he atu and observed fre h, r ound 
wounds on their sides, 

This legend p rovides one of many explan ations 
that have been advanced l'egardin g the ca uses 
of such woun ds on lar ge pelagic fi shes as well 
as on whales and por poises, This paper presents 
evidence that many crater wounds, crescentic 
wound, and the resul t ing scar s on pelagic fi shes 
(Figure 1) , a nd open pit wounds and resultin g 
scar s on cet.;'l.ceans are th e re ults of bites in­
fli cted by the sma ll sq ualoid hark, I sistillS bl'a­
siliensis (Quoy a nd Gaimard), (A econd spe­
cie , I sistill.s plntodlls, \\' as desc ribed by Garrick 
a nd Spr inger (1964) from the Gulf of Mexico, 
Although nothing is known of the behavior of 

1 Nationa l Marine Fisheries Service, H awaii Area 
Fi hery Research Center , H onolu lu, H awaii 96 12, 

1'\ [anuscript accepted June 1971. 
FISI!ERY JJ ULL ETI N : \ 'OL. 09, NO , 4, 

thi s s pecies, \\'hich is based on one speci men , 
it is probable that its feeoing habits are similar 
to those of I, /J }'(lsil iellsis,) 

Such wounds on fi s h ('~ have been r eported by 
Nemoto (1 955). Iversen (1959), Cui ta r l l\1. 
(1964), h:l m\'e (1966 ), Bane (1 969). ano l\Ja­
chado Cru z (1969), Th e li te l'atur~ 011 open pit 
wounos ano r ela ted scars on cetaceans is much 
more extensive. appm'ent ly beginning- with the 
1I'0rk of Collett (1 886 ), 'l\Iackinto~ h ano Wheel­
er (1929 ) a nd \'an l Ttrecht (19:)9) Jlresented 
thorough di scLl ssions of these wounds and proba­
ble causes. and summarizeo the pre\' iOllS litera­
t ure, Nemoto (1935) noted that . ome of the 
wO Llnds obsen'ed on whales a r e sim ilar to and 
probably hcwe a common origin \\'i th tho, e on 
fi shes, IIe furth er stated that a cause other than 
lamprey attacks. the mo t commonly advocated 
agent . m llst be found to account for crescent­
shaped sca rs and open pit wounds on cetaceans 
a nd fi shes, 

It \\'as not always possible for me to oetermine 
\\'hether puhli sheo photographs ano oe:criptions 
\\'ere of \\'ounos and scar of the t~'Jles \\'hich I 
a ttribll te to 18i,~t i II"~ bi tes, I have never seen 
wounos known to have been proouceo l)~' lam­
pre~'s and therefore cannot comment with any 
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FIG CRE I.-Crater \\'ounds on a large dolphin from the 
central Pacific. 

authority on them . I helieve, however, that 
Pike (1951) unkno\\'i ng:l~' but accUl'ately de­
scribed the differences beb\'een lamprey bites 
and l sistills bites on whales when he wrote: 
"The lampreys seem to lea\'e two distinct types 
of wounds. . .. The first consists of a circular 
area in \\'hich the epidermis is completel y abr ad­
ed by the teeth of the sucking disc. In the center 
of thi s is a hole through the skin caused by the 
rasping tongue. In the other type the lamprey 
<lpparently rasps a\\'a~' the skin over the entire 
area \\' ith the result that there is a circular sore 
r ight do\\'n to the blubber and no periphery of 
skin \\"hich has been damaged but not eaten 
away." The seconci type and some of the wounds 
and sca rs illustrated by Pike are, I believe, at­
tributable to l s istills bites. 

Crater wounds have been reported in the lit­
erature cited on skipj ack tuna ; ye llowfin tuna, 
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FIGC RE 2.-.-\ crater wound on the side of a swordfi sh 
caught in the Gulf of Mexico. (Photo by Martin 
Bartlett.) 

Thull1 IUS albacares (Bonnaterre) ; dolph in, COT­
yphaella hipPunls Linnaeus; opah, Lampris re­
gillS (Bonnaterre); and swordfish, Xiphias gla­
dins (Linnaeus) (Figure 2) . In addition to 
these, I have seen crater wounds on a lbacore, 
Th wlllus alalzl11,Qa (Bonnaterre ) , and 'wahoo, 
Acallthocybiu1n solandri (Cuvier), in the central 
Pacific. Biologists and fi shermen in Hawaii have 
reported to me having seen them on kawakawa, 
Euthynlllls affinis (Cantor); large jacks, Car­
anx sp .; rainbow runners, Elagatis sp.; and 
va rious species of marlins, 1 stioph01idae . 

The cetaceans upon which crater wounds, 
crescentic wounds, or resultant scars have been 
reported wel'e listed by van Utrecht (1959). In­
cluded were beaked whales, sperm whales, var­
ious species of por poises, and nearly a ll of the 
baleen whales (order Mysticeti) except the r ight 
whales (family Balenidae) which apparently do 
not migrate out of cold polar waters, In Ha­
waiian waters, wounds and scars (Figure 3) 
are commonly seen on porpoises of the genera 
T ursiops and Steneila, and have been observed 
on a beaked wha le, Z iph ias sp., stranded on 
Oahu. 

Dr. Donald W. Strasburg, du r ing discussions 
several years ago, planted the idea that l sist ius 
might be the cause of crater wounds on fishes. 
He had found (Strasburg, 1963) that the man-
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FIG URE 3.-Cr escentic scar on a living por poise, Stencl/a 
Toseivent1'is Wagner, T he Ocean ic I nstitute, ;\Iakapuu, 
Hawaii. 

dibular teeth of / sistius a re shed as a uni t and 
that the next set of r eplacement teeth are a l­
ready erect and immediately functiona l when 
the previous set is shed. He wondered " ... 
which aspects of / sistius biology requ ire such a 
safeguar d." 

OBSERVATIONS 

An opportunity to test the idea came in July 
1969, durin g cruise 44 of the RV TOI1'lI sel1 d 
Crmnwell of the NMFS, I-IAF RC (National Ma­
rine Fi sheries Service, Hawaii Area Fishery 
Research Center). Night ly midwater trawl 
hauls were made a long long 145 ° W between 
lat 14° Nand 3° S in t he central Pacinc. The 
tr awl catches contained occasional specimens of 
/ sistins, some of which were alive but moribund 
when brought on board. I stated that this spe­
cies of shark might be r esponsible for the crater 
wounds which we had observed on tunas a few 
hours earlier. Thi s led J ohn D. Fowler, Jr., re­
search ass istant aboard the Townsend C"ormuell, 
to press the mouth of a mori bund I sistius against 
the side of a dead fi sh, Cubiceps sp. T he shark 
made a bitin g motion, prod ucing a crescent ic 
wound (Figure 4 ) that if comp leted woul d have 
been simila r in size and shape to crater wounds 
obser ved on tun as. That shark coul d not be in­
duced to repeat its performance, but Fowler 's 
experiment led to fur ther attempts to determi ne 

F IGl.'RE 4.-A crater "wound" produced on the surface 
of a nectari ne by pushing the teeth of a dead I sistius 
into the fruit and then rotating the body of the shark 
around the point of attachnwnt. In the center is a 
crescentic "wound" produced by a living Isistius when 
its mouth was pre sed against the side of the dead fi sh . 

whether adaptations in structure for specialized 
feeding behcwior e.'isted in / sistills. 

The basihyoid cartilage or "tongue" of l sistius 
was large and thick in contrast to that str ucture 
in galeoid sharks. It was also unusually mov­
able; \\' ith a pencil I \\'as able to push the tongue 
caudad to a point just anterior to the first ex­
terior gill opening (Figme 5). In that posit ion 
the posterior margin of the tongue was elevated 
(dorsad ) until the tongue was nearly ver tical, 
ntting closely against the roof of the mouth, and 

F IGl'RE 5.-A demon stration of the movability of the 
tongue of Isistius. 
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completely separating the mouth from the phar­
ynx. Two ridges in the r oof of the mouth cor­
responded to two grooves in the ]Jost~rior margin 
of the tongue. Thi s structural corres pondence 
suggested that vertical posit ioning of the tongue 
was a normal occurrence. The movability of the 
tongue, as well as sevcral other attributes de­
scribed below, can only be demonstrated with 
specimens of Isisti lls that have not been fixed. 

Obscrvations of t hese anatomi cal characters 
led to the hypothesis that I sistill8 is ca pable of 
achieving a vacuum \\'ith its mouth on a mooth 
surface. Concurrently with the retracted , verti­
cal positioni ng of the tongue, the lips protruded 
complctel~' around the mouth. The fleshy lateral 
lips containcd we ll-deve loped lahial cartilages 
that caused them to be semiri gid and, when pro­
truded, to complete an o\'o id of labial margi ns 
in a single plane (Figure 6), Such a structure 
in contact \\'ith ,l smooth surface enables the 

FIGVRE 6.-..\ demonstrat ion of th e coracohyoideus mus­
cles of Isistills. Note also the protruded lips, th e in­
ternal openi ngs of the spiracles, and the mandibular 
teeth. 

shark to form a vacuum when the s piracles are 
closed and the tong'ue then retracted. 

In order to further determine if behavioral 
retraction of the tongue was probable, dissec­
tions were made of the ventral surface of the 
sha rk just postel'ior to the mandible. The 
paired coracohyoideus muscles that insert on the 
tongue were unusually large in Isis tills (Figure 
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FIr.l ' RE 7.-Expo5ed cor acohyoideus muscles of a large 
\\'hitetip shark, centra l Paci fic. 

(j). A compar ative dissecti on of a large, fresh, 
\\'hitetip sha rk, Carr hal'h inlls io ngimanus 
(Poey ) \\'as made (Fi gure 7); the cross section­
al areas in I sis l ills were estimated to be four 
times t hose of the same mu scles in the whitetip 
. hark, both relative to the total lengths of the 
sharks. Pulling caudad on the exposed coraco­
hyoideus muscles of l sist illS caused the tongue 
to retr ac t to the nearly \'ertical po ition noted 
beforc; concurrent ly, the mouth gaped an d the 
lips protruded. Th e tongue of the whitetip 
sha rk was not mo\'able and pulling on the cor­
acohyoideus mu cles did not retract it. 

Later I attempted to repeat Fowler's experi­
ment by holding the mouth of a living I sistius 
against the side of a gempyl irj fish . In this case, 
the shark did not make a biti ng motion but, in­
stead, the spiracles closed, the head flattened 
s lightly, and an oral vacuum was formed by 
means of \\'hich I \\'as ab le to lift the gempylid 
from the table with no other support. 

It seemed that the remaining evidence needed 
to indi ct l s is t ius would be the presence of hemi­
spheroidal plugs of fish fl esh in their to mach 
contents. This evidence was found when two 
I s istius caught subsequently on the same cruise 
were found to contain single plugs of flesh of 
appropri ate size and shape. One of the e plugs 
was from a relatively large fish, judging from 
the thickness of the myomeres; the other was 
from a squid. During a later cruise in the same 
area, Reginald M. Gooding, fi shery biologist, 
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FIGURE 8.- A hemispheroidal p lug of unid entifi ed fi sh 
flesh f rom the stomach of an / sistius, central P acific. 

found a very f resh plug of fish fl esh complete 
with integument and some scales (Figure 8) . 
The fi shes f r om which these plugs were bitten 
have not been identified. In order to fi nd such 
plugs, it is necessary to examine I sist i~iS imme­
diate ly after capture because digestion will usu­
ally continue for a t ime after the specimen is 
placed in formaldehyde or a freezer. 

DISCUSSION 

Further evidence relating I sist ius to wounds 
on fi shes may be present in a photograph (Fig­
ure 9 ) of a cr escentic wound on the caudal fin 
of a swordfish (M. R. Bartlett, personal commu­
nication) . The deep crescentic cut is opposed 
by an ar c of small den ts and scars. The size 
and arrangement of these correspond to the 
small , hooked upper teeth of Isistius (Figure 6). 
In addition, a series of white scratches extending 
from the sma ll a r c toward the crescentic cut ap­
pear to have been made by the upper teeth as 
the shark backed away from the incomplete bite. 
In this case, the shark's mandibu lar teeth m ust 
have encountered th e large, bony ray in the edge 
of the ca udal fin . The same fin bore an entire, 
cut-out wound near the poster ior border (Fig­
ure 10). 

The geographical distribution of records of 
Isistius brasiliensis (Strasburg, 1963; Parin, 
1964 ) cor responds we ll with the general distri­
butions of the species of fi shes which bear crater 
wounds. Severa l authors (Mackintosh and 

FIG URE 9.- A cr escentic wound on the cauda l fin of a 
swordfi sh caug ht in the Gulf of Mexico. Note the arc 
of sma ll dents op pos ite the cut, and the scratches pro­
duced by the shark 's upper teeth as it backed away from 
the incomplete wo und. (Photo by Martin Bartlett.) 

Wheeler, 1929; P ike, 1951; Nemoto, 1955 ; van 
Utrecht, 1959) have noted that fresh wounds 
were seen only, or more f requently, on cetaceans 
caught in the warmer water s of their migra tions 
and that those caugh t more poleward bore only 
healed or pa rti ally hea led sca rs. ThlS was evi­
dence, they stated, that the a nim a I producing 
the wounds was an inha bitant of warm water. 

Some wounds on cetaceans described in the 
literature were undoubted ly produced by lam­
preys (Pike, 1951). The maj ori ty of catch 
records of lampreys in both the Pacific a nd At­
lantic, however , are near shore and in temperate 
or cold wa ter s whi ch fits poor ly the distribution 
of fi shes a nrl whales bearing fresh crater 
wounds. 

T he largest crater wounds reco rded (Mack­
intosh and Wheeler, 1929) were 4 or 5 cm by 
7 cm. The smallest I have seen were 1.2 cm 
by 2 cm. Th e smaller diameters of these cor­
respond well wi th the bite-widths I have esti­
mated for Isist i7iS at the extr emes of the known 
range of 14 to 50 cm, total lengths (Strasburg, 
1963). 

A ll of the Isistius stomachs examined aboard 
the Townsend Cromwell conta ined squid beaks 
and pieces of squid pens. Strasburg (1963) a lso 
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Fll;\'RE lll.-Thp caudal fin of a ~\\"ordfi;;h caught in the 
(;ulf of :'Il('xico, showing a (,!"l'scl'ntic wound and a com­
pld ... ! wOllnd cut through the trai ling edge> of tlw fin . 

ftlund !'quid remains in most of the stomachs 
of pn?--cI'Yed specimens he inspected. and calcu­
bled that the squids wh ich \\'ere eaten \\'ere as 
bri.':e ()r i:trg-el' than the sharks. lI e wondered 
hm\' small shark" that appa rentl~' sw im slowly 
elluld catch and captu re such large. swift prey. 

This qlll'stion is also pertinent in cons idering 
hm\' /s islills succeeds in contacti ng fast-swim­
ming animals such as tunas. marlins. or por­
pOIses. It would appeal' to be no problem for 
I~islil/s to approach and make contact with 
l'a"king or drifting \\'ha les or fi shes. In the case 
1\[ tuna,.;. ho\\'eyer . there is no e\'idence that they 
l'\"('r drift or stop s\\'imming (l\Iagnuson, 1970). 
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A possible sequence is that the potentia l prey, 
seeing Isistius as an object apparen tly suitable 
for food, makes the ini t ia l appr oach, identifies it 
at a short distance, r ej ects it as food, and veers 
off. At that instant, the sha rk may be able to 
achieve contact by means of a shor t dash. 

It is also possible that t he shark, to some de­
g ree, simulates other or ganisms such as squids 
in the pattern of its lum inous ven t ra l surface. 
r\. more remote possibility is that I sistius is mis­
taken by la r ge teleo ts for a cleaner, and is in­
\'ited to make contact . 

Large squids appear to be killed by Isisti~1-S 
more often than merely deprived of plugs of 
flesh, It may be that squids a lso make an ini­
tial app roach but, un like teleosts, do not veer 
off from their attack and are subsequent ly bested 
in the encounter. 

Isouchi (1970) provided the only r ecord of 
an Isis t ills eaten by a large teleost when he found 
a li\'ing shark in the stomach of Scomberomor11-S 
sp. This r ecord indicates that Isis ti11-S is a po­
ten ti al food item; on the other hand, r ecords 
of teleost having ingested any species of sma ll 
or young sha rks are limited to five or six (S. 
SpringeI' and M. R. Bar tlett, persona l commu­
nications). This certain ly supports a hypothes is 
of usua l rejection . Rejection of the young as 
food by teleosts . in fact, may accoun t for the 
surviva l of most elasmobra nch species, consider­
ing their extremely low r eproduction rates a nd 
rela tively low s\\' imm ing speeds. 

It may not be necessar y to assume any compli­
cated behm'ior pattel'l1s of Isistill-S or its pr ey; 
perhaps contacts by means of shor t dashes can 
he made during chance pr ox imi ties. Thomas 
Dohl , Th e Oceanic Institute, Hawaii , has in­
formed me that young por poises of sizes that are 
assumed to be still nursing do not bear wounds 
or sca rs, but those wh ich are la rger do. Simi lar 
r estr icti on of wounds and car s to older por ­
poises is suggested by the data of van h 'echt 
(191)9 ). This may be sim ply a matter of an 
increased pr obability of encoun ter with time; 
but it may, on the other ha nd, indicate tha t 
porpoises a re not attacked by l sistius unt il the 
porpoi ses become predatory on fi sh. 

Several crescentic woun ds which I have exam­
ined on tunas were made from a frontal attack 
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FIGURE ll.-An excised crescentic wound superimposed 
over a diagram of a skipjack tuna to indicate that the 
wound was made from a frontal attack, central Pacific. 

position, that is, the shark and its prey were 
going in opposite directions when the wound was 
inflicted (Figure 11) . Such crescentic wounds, 
as previously pointed out, are apparently the re­
sult of circumstances which do not a llow the 
shark to complete the scooping out process. Be­
sides providing support for the suggestion that 
the teleost makes the initial approach, the evi­
dence of frontal attacks may explain the occur­
rence of wounds in which the plug of flesh is 
still attached to t he bottom of the wound by a 
peduncle. Such wounds are common on ceta­
ceans (Mackintosh and Wheeler, 1929; van 
Utrecht, 1959). In a frontal attack, the drag of 
water on the shark's body would cause it to ro­
tate, in the manner of the hand of a clock, around 
the point of attachment until the shark was ori­
ented in the same direction as its prey. This 
movement would cause the mandibular teeth to 
act in the manner of a melon-ba ll cutter and, if 
penetration was adequate, the crater wound 
would be completed. 

To explore this possibility, I employed a nec­
tarine (Persicurn sp. ) from the ship 's galley 
since no large, dead fish was available at the mo­
ment. I pushed the teeth of a fresh, dead l sisth/'s 
into the fruit and then rotated the body around 
that point. The result (Figure 4) was a neat, 
round , crater "wound" and the hemispheroidal 
"plug" in the shark's mouth with the small, 
hooked upper teeth securing it. If tooth penetra­
tion had been inadequate during such a sequence, 
the integument woul d be cut completely around 
but the plug would remain attached by a central 
peduncle. Necrosis of the plug would probably 

follow, resulting in conditions described by 
Mackintosh and Wheeler (1929). They present­
ed a hypothetical sequence beginning with a 
crescentic wound which developed, by gradual 
erosion of the flesh, to the open pit stage. The 
"flabby" pedunculate plug, they believed, was a 
stage in the healing process and was sloughed 
off near the completion of healing. 

They pointed out that the most obvious cause 
of crescentic and open pit wounds was the bite 
of some fish, but no fi sh known to them possessed 
teeth or a mouth structure which would produce 
such wounds. They, therefore, returned to the 
assumption that the wounds were a result of 
microbial infections. 

Except in the cases of attacks on squids when 
the prey is killed. it appears that I sisth/'s, in bit­
ing pieces out of living cetaceans and fishes, 
qualifies as a temporary parasite in the same 
sense that a mosquito does. 
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SllUSHI Ill;, D. W . 
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