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Ab~tract We described the contents and the field signs of 52 mrdden ples  found outs~de occupled dens of Octopus 
dnflernl (Wulker, 1910) m Prrnce Wxlliam Sound and Cook Inlet, Alaska. The content5 of mrdden piles are Important 
data for descr~blng octopuc drets; yet the field slgns for distinguishing octopus m~dden p~lcs  from rema-ins left by other 
proces5es can be subtle Remains of four crab species, TeErne~sus ciwzmgonus (Telesius, 2813, Cancer oregonensrs 
(Dana, 1852), Pzrgetbu grucrlzs Dana, 185 1 ,  and Lophopunope~rs bellus (Stlmpson, 1860), composed 74% of the prey 
m&v:duals represented In ~ntert~daf rn~ddens In P r i ~ ~ c c  Wlll~arn Sound However, the \ame species were not typ~cal of 
other locat~ons Chlumys hmtofct (Sowerby, 1843) and C r~tbrdu (Hinds, 11845) were the most common specles lepre- 
sented in rubtldal m~ddens, whille the crab P" graczlrc Dana, 1851, and the mussel Mv?rlr*c tro~.~:clu~ Gould, 1850, were 
among the most comnlon in rntertidal middenc found m Cook Inlet Dr~lls  were found on the hard remans of stx specles 
of crabs (75% of eight Cmstacea specles, 27% of 22 total specles) Ftfty-sfx percent of dnll marks on crab species were 
located toward the carapace postersor. Of the crab ipecles sampled In Prrnce William Sound that were dr~lled at all, C 
oregonenur \Ivau the species most nften drilled (36%), whereas T chezmgonus wa\ drilled teas1 often (6%) Drills of 0 
doflelnr on crabs werc oblong (2-6 X 1-2 5 mm), and cdme to a point at one or both ends Drill marks tapered toward 
the insrde of the \hell, and when the final perforar~on of the inner surface was made, the dnll war no mole than d 
pinpoint A previously undeqcnbed mark In prey remalns, cbe bite mark, occurred on the leg of T chermgunur. B~teq 
on weathered prey rcmans were about X 2 cm long X 0 5 cm wide, occurring on the ~nslde and outslde of the leg 

INTRODUCTION 

Animal "signs," including tracks, scat, wallows, nests or 
dens, and bones, feathers, or other remains of prey, have 
been important data in studies of many different species, 
and have been used to indicate presence or absence, to 
estimate population size, breeding activity, and foraging 
ranges, and to examine diet. A great many marine organ- 
isms also leave "sign," particularly the remains of hard- 
shelled prey. For example, in the northeastern Pacific, sea 
otters feed on clams and discard the shells (Kvitek et al., 
1992). Pycnopodin helianthnides (Brandt, 1835), the sun- 
flower star, also hunts clams, sometimes in the holes dug 
by sea otters. Sea stars push the sediment out of the way 
leaving behind a berm of sand or gravel and the empty 
shells of their bivalve prey (Kvitek et al., 1992). Octo- 
puses feed on many different bivalves and clams, inctud- 
ing Saaidorrru.s giguntetts Deslsayes, 1839, which is also 
a prey of utters (Kiedman & Estes, 1988), and discard 
the remains in midden pilcs (Hartwick et al., 1981; Hart- 
wick & T'horarinsson, 1978; Mather, 1991, 1994; Mather 
& O'Dor, 1991). Distinguishing whether a clam has been 
opened by a sea otter, a sea star. or an octopus is useful 
for determining impacts of predators on invertebrate com- 
munities, requires specialized knowledge, and can limit 
research in some studies (e.g., Fotheringham, 1974; Kvi- 
rek et al., 1992). 

Determining how an~mal remains. arrived at therc pres- 
ent location on a beach or on ?he sea floor requlres paying 
attention to sometimes subtle clue5 (e.g., Fotheringharn, 
1974). Even so, ldentlfying the source of an~mal remains 
can be an important research 1001. Descriptions of prey 
middens have been a prlmary method of descnbing oc- 
Lopus diets; for example, 3n a sample of 12 papers inves- 
tlgatrng the diet of octopuses (Table I)  midden analysis 
was used in e~gh t  Octopuses are nften mob~le and leave 
mddcn piles behlnd. so that the ab\ence of an octopus at 
a midden pile does not necessarily lmply that the remains 
were left by some other predator. Despite this, few de- 
scnpt:ons of the "srgns" left by octopuses have been 
published (but see H<artwick et al., 1978; A~nbrose, 1983) 
to asslst the beginning octopus researcher or to be used 
by someone work~ng on species other than octopuses, but 
interested In attributing rnanne -invertebrate remalns to the 
animals that. killed them. In t h ~ s  paper, we report field 
slgns ~vid~cative of the presence of Octopras dofleini on 
beaches in Pr~nce William Sound and Cook Inlet, Alaska, 
and describe the methods by which mddens left by 0. 
~ioflezrzr may be recogmzcd. 

From captive stud~es, octopuses. including 0. dojleini, 
are knov,n to u\e three d~fferent techniques to gain entry 
to hard-shelled prey- they may pull it apart, "ctnll" 
through the chell (Nixon, 1979; Hartwlck, 198 I), or bite 
~t open (Anderson, 1994). The latter two methods leave 
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Table 1 

Methods uied to deternurle d ~ e t  in a sample of octopus 5tudles. 
-- -- --- 

Method of 
Spec~es uud~ed  detern~~mng d ~ r t  Lo~dtron SOLI~LC 

stomach contpnts 
midden counts 
mrddrr; couuth 
rn~~irlerr counts 
observatioii 
rrliclder~ crrt~nts 
midden counts 
midden cotirlts 
midden counts 
midden c o u ~  ts 
midden counts 
stomach contcnts 

- 

Japan. review article Mottel, 1975 
British Colunibia I-Iurtwick et al.. 1981 
British Cvlwnbia Marher et at.. I985 
British Columbia Cospl-ovc, 1387 
W:~sllingtun. captive study Anderson, I991 
Wi~sltington Anderson, L993 
Alaska Vincer~t et al. ,  1098 
Caiifornia Laidig et al.. 1995 
South Africa S~nale CYZ Buchan, 1981 
Bermuda .Mather & 0' nor; 199 1 
Rerr~iuda Mather, t 99 1 
Spanish Mediterraneaii Sanchez & Obarti, 1993 

marks on the prey that may be used to identlfy remains 
left by octopu\es. The rlr~ll mark has lrequently been 
rnent~oned In the literature (e.g., for 0. dnflcinr, Hartwack 
et al.. 1978, 1981; Martwrck, 1983), but described for 0. 
rIojlc~ini only on Sn.xidotn~~s glgunieLr.\, a brvdve (Am- 
brose et al., 1988). In this paper, we provide the hrst 
publ~shed descriptions of O rioflelni drill? on crab spe- 
cies. 

METHODS 

'Three study sttes, Port Graham m Cook lnlct (5Q021'N, 
15 L049'W) anti Green (60°14'PJ, 147"14'W) and Montd- 
gue (60°16'N, 147"26'W) lrlandr ul Pr~nce W~lliam Souncl 
ware surveyed f o ~  Ortopu~ ~iojlezlzl The surveys conclst- 
ed oi ~ntemdal beach walks md  SCUBA diver, to depths 
of 33 rn below mean lower low water (MLLW) Dcns 
were ~rIentified by the presence ot an octopu~.. If den llttel 
wa\ present at an occupied den, all blt3 werc collected 
for later measurement and lden~ificat~on (lollow~ng Foster 
1991 Lor b~valves clnd Kozloff 1987 for all other taxa) 
Re~nains were judged to be either flesh ( w ~ t h o ~ ~ t  algae 
growth on inner surfaces and unweathered) or old (ather 
with algal growrh 01 weathered) Old rernalns were not 
counted and measured as part of the octopus midden, as 
thesc Iemaln5 may have been buned tn the seQment until 
excavated by the octopus wl-tcn maklng rts den All spec- 
inlens colle~led were inspected for octopus dr~llc, 01 othel 
slgns of handl~ng by octopus, and the locatton? of such 
marks were notcci Measurements of the lengths and 
wrdthb werc takcn of b~valver, crab carapace\, ~ m d  crab 
Lcgi. 

RESULTS 

Prey rerrlains were collected from 52 intert~dal and sub- 
tidal sites Located outs~de occupred den?, and attributed to 
Ocfopus dujleznr on the basls of the octopus m attendance. 
Mlddens chararteristlcally conta~ned c-tab remalnx for 

example, ok the 42 mddens found at ~ n t e r t ~ d d  dens In 
Pr~nce W ~ l l ~ a m  Sound, 40 contained at least one item 
from a crab The most common species In these intertidal 
middens were Telmevvus chernzgonus, Cnricer oregonen- 
$ 1 5 ,  P~lgettln graczlr~, and Lo17h(>punr1pe~,eu~ beltuv, wlnch 
together co~nposed 74% ot the sanlple of prey (e5tiniated 
~ n l n ~ m u m  rndrv~dudc represented by mrdden items, Table 
2) However, mlddenc; m other locat~ons often had a dli- 
ferent composltlon Subttdal nnddens, collected from the 
w n e  areas in the Sound but trom depths between -5 and 
-33 m MLLW, were clomlnated by rcmains of scallopv 
and other brvalves, rather than of crabs (Table 3); while 
four intertidal midden3 from Port C r & m  (in Cook Inlet, 
Alaska) &ontamed d rnlxture of crabs and bivalves, but 
the most abundant species there were not the same as in 
the Sound (Table 4) 

Inspccr~on of rmdden lemans sometnmes revealed 
marks left hy thc ocropus we found hot11 “drill" m d  
"blte" mxks (Figure 1). The dr~l! mark of 0. do$ernl on 
carapaces of Cirrlccr orrgoneaszJ and Lophoi>anopeu\ 
beilzt~ (Iilgure l a )  was oblong, about 1 5-3.0 null~melcrs 
long and 0 25-2 O m~llm~eters wlde, and usually came to 
a polnl rtl one or both ends The c h l l  gradually tapered 
Irom the outside of the shell towarcl the ~nside. The final 
pertoratron of the Inner sirrface may he n o  more Ihdn a 
prnpolnl The only other dnll mark5 that we foitnd on 
shells 111 this x c a  (not In octopus ~mdden\)  were moon 
mail drill marks that were larger and almozl perfectly 
round, and wele readily clisl~nguishable by size and shape 
from the maxks of  Oi-topz)yld~ ~iofleznz Dnlls were found on 
the carapace or chellpeds of SIX 5pecles of prey (27% of 
22 \pecle\ bund  in m~ddenc. 'Fabler 2-5) 

Us111 marks were morc frequently encountel ed on some 
speclcs than others 0 1  the crab remain\ Found m inter- 
tadal mddens in the Sound (Table 3, the carapace5 of 
Carzcer orrgonerrszs and of I'ugcttlu g ~ u c t l z ~  were nlosl 
often drrlled, wh~le  those of Tclnzes~us cIze~~-ugonu~ were 
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Prey xemaln5 found in 42 in~tcrtidal mldden pllel lsfl by Octopus doj'fifif~izr on Green and Monragtle Island\, 
Prance Wlll~am Sound, AK 

- - .- -- 
Count found' No, drilled Rvg. sizc' 

Taxon Species (prop. of satnple in parentl-ieses) (sample size) 

Decapoda '/'c.!mes.rus ~ / ~ ~ i r q g ~ n t i , ~  (TcIcsi~ls, i 815) 7 0  (0.30) 4 (0.06) 3.55 ('70) 
Dccapoda Ccii~(.cr o~.i~,qof~~rt.si.~ (Dana, 1852) 58 (0 25) 21 (0.36) 1.99 (55) 
Decapoda P~i ,qo / f i~~  gl~ri.ili.\ Dar~a, 185 1 23 (0.10) 6 (0.26) 1.77 (21 ) 
Ilccapoda ~o[?/zoj~trno~lcu.~ belitis {Slil~lpson, i 860) 216 (0.09) 2 ( 0 . I O )  1.57 (18) 
Bivalvia ,Wrrmtna inyirinnici (Ueshayes, 1859) 17 (0.07) 0 2.75 (15) 
Uivalvia Pratot/?lz/:~w sttrtfzir~riz (i_'onuad, 1837) 17 (0,07) 0 2.16 (16) 
Bivalvia Sux i i t~n i~~s  ~igclt~tc.~:.s Deshziyes, 1839 8 (0.03) 0 2.53 (8) 
Ciasrropoda Litforinc: silXcrnil Philippi, 1845 4 (0.02) Ci 
Biva1vi:i Chiiorz,y.\ hiismru C3owrerby, 184.1 j 3 (0,013) 0 3.83 (3) 
Biv;iivia Pnilodr~rnr~~.s iriricr-o,~chi.~~iin !L)cshaycs, 1839) 3 (0.01) 0 6.40 ( 3 )  
Pol ynlacophorn Tor~icc~lln litt~irto (Wood, 181 5) 2 (0.01) 0 1.20(1) 
Uivalvia ,I/X~rilir.v Ito.sviilris C;olild, 1850 2 (0.01) C; 1.95 (2) 
Dccapoda Currc 6.r iwodurtus R;tndnll, 1839 2 (0.01) 0 6.00 ( I  ) 
Decapocta C,*ry>tnli!Aoclr.s siic.irrtiuis Ri-;(nd4. 1853 2 (0.01 ) B 
Bivalvia Chlrinz~~.t t:.rhicln Winds, 1845) I (0.004) 0 
Dccapoda I-Ii~polng~istr~. mer-tcnrii Brandt. 1850 1 (0.004) 0 
Dccapoda Ph~lZoli/hotlr~ pnpii1o.sii.c Rmrrdt, I849 1 (0.001) 0 5.0 ( 1 )  
Gastropods 7iichotf-opis c~imcclitilu flinds, 1849 I (0.004) 0 10.5 (1) 

--. -. 

b:?r cmbs. only the ~~umber.  of carapaces is giver]. indicating the minimum number o f  individuals represented in the litter: for bivalves. 
rach coriril iridicates either the left valve. righr valve, or both when still attached. 
' The mean o f  ?he carapace length icm) for cr-obs and of vaivc kngth for bivalves. Salnple size i s  indicated in parrrrtliesrs (in some 

cases. rcr~iains were broken and coilid not be ri~eahused, althoxlgh the fraginenls cortld be ider~tified to species). 

only rntrequently dnlled. in contra4~ 10 crabs, lrlost bl- 
valves were not drilled (Tables 2-4). C ~ ~ l c r i q s  sy valves 
found a! both rnte~tidrtl and suhtldnll dens were never 
dnlled (11 - I9), nor were any csrhel bivalves collected In 
the S w n d  (Tables 2 & 3). However, tirlils were iecorded 
on four brvalvcs trom mddens m lront of unoccup~ed 
den.; in Port Graham (Flg~irc Ih) 

We also eummcd [he locations ot clrlll marks on crab 
remanr, uslng a sample of 50 dnlisd calapclces and 21 
dnlled chel~pedr (of all rpecles) collected trotn nudderl 
pile5 at both occupred and unoccupied dens an Prlnce WiI- 
lram Sound (~ncludmg rcrnarns In Tahlcs 2, 3, 5 ,  and ad 

drt~onal renlailzs not lrctcd) Eac11 lderat wa\ &-llled only 
once On carapace.;, 38% of the chills (n = 19 of 50) 
were placed over the posterlor d d l ~ n e  (1Eigule 2a) Ad- 
cirtlonal d~~l!s. were placed rrnnled~ately ro the ngha (n - 
6) or to the left (n = 3) of the poxtenor mdlrne, so rhac 
56% (n = 28) of the dt~tl.; w c ~ c  lo~ated In the po\ter~or 
rned~nb portion of the carapaces The next most common 
posltron dr~lled was over the medlal central portrtrrl ol 
carapaces (n = 18 or 36%) .  rncluciirig thlls  on thc ccntral 
rn~dlnne (n - 9) and nrr~med~ately to the nglrt (11 = 4) or 
left (n  = 5 )  of rnrdline The renlalning 8% ot the dtrlls 
(1% = 4) were located in the left posterror sectlun of the 

Table 3 

Prey remains found in s ~ x  subt~dal maddm p~le\  left by Orfopus doflerr~i near 
Green a ~ d  Montague island!,, Pr~nce Wllliarrs Sound, AK. 

~ -- -- 
Taxoia Species No.  found' No, drilled Avg. size1 

Bivaivia Chinrt~ys hr~sttrln (Sowe~hy. 1843) 9 (0.14) 0 2.46 (9) 
Bivdvia Chia~nys nrliiiki (Winds. 1845 ) 6 (0. i 6 )  0 2.23 (6) 
Rivalvia Mucnnrcl inquitzcrrii (Deshaycs. 1855) 5 (0. ! 4) 0 3.58 (5) 
Decapotla Cnrlcur. nregoi~ensis (Dana. 1852) 5 (0.14) 4 (0.80) 1 .a8 (5) 
Wccapoda Pugcffia grclr.ili.7 Dana, 1851 4 (0.11) 0 2.70 (3) 
I~cc:~pocIx L o ~ ~ / ~ o / ~ i i n o / ~ ~ ~ u s  hc~l1u.s (Sliinpson; 1850) 4 (0.1 l ) 0 1.68 14) 
Ciast~opada .:lcr?zcarii sp. 3 (0.08) 0 3.73 (3) 
Divalvia I'odoile,c.rn~t.s ~nczo.osclzi~n7a {Deshayes, 1839) I 10.03) 0 2.60 (1) 
-- -- -- 

Details as in Table 2. 



R. Dodge & D. Seheel, 1999 Page 263 

Table 4 

Ptey remdms founcl ~ r a  four intertldal mrddctk piles left by Octopu.~ dojleit~~ Rori Graham, ('ook Bnlei, AK 
-- - .- .--A -- -- . 

Taxan Species No. found' Ncr. drillcii AVR. s i ~ c '  
- -  ~ --ppppp 

L>ecapocia i'ngeft~(z grririiis Datia, i 85 1 
Riv:rl\ia Myrliras 1~;ossulus could ,  1 850 
T3ec;tpcida Cil~zcer orcgorzm.sis (Dana, 1852) 
Rival\  ia PJ-otofl~acci \tuntinecz (Conrad. 1857 j 
Bivalvia LVIi~i.ort~a itusuliz (Conratl, 1833  
Crastrtq)oda A'ui-rllci ci>~ur;qii~rrirr (Deshnyes, 1839) 
C3ashopcda N~rcrlliz linrri (Gn~?lin, L791 ) 
Bivalvi:~ Sciriilotrti,rs ~ i g i ~ r i / ~ ~ / ~  Dechi~yes, 1839 

~ .- 

',' per. '1 ,ii,s as in  Table 2. 

cardpaces ChelrperBc wele drrslrd on both anner (67%) 
and c-9uter swafaces 133%) ( h g u ~ e  2h, c) ,  most cilm~nonly 
vvcr the cl~elrped rnldlinc. but crccasronally dorcal or ven- 
tral of the nlrdliit~ We obscrvcd only one drill that wa\ 
i>eyonct the cl~cl~ped jo1111. bur itdl on the leg of the crab 
The Pc>rt Claham hlvalvec (11 = 3)  wcle drilled toward 
the poiterrol of the unlhcr (P~gure L b)  

A previously undescrrhed mark, wrhrcfa we: telm the 
"hlfe mark" (Plgure fc), was found excl~lsrvety on the 
penult~mate wgarenl ok the I st {chelrpeti) Irg ok T~ ln ies -  
sus cirefragc)x~rf~ A s  11~1plled by the name, we belleve the 
bzte mark r\ made when the octopus uses ds beak to hrte 
through the ieg oi this pscy species B ~ t e  m,~rlr;s were oval 
In shape and greatly v~urred In slze deyend~ng on rile 
an~ount of wcathermg of the remains in the Ireshest spec- 
m m s ,  bitc marks were about 1 3 crn long X 0 5 cm w~de ,  
locitted on the lnslde ol the Icg, and cxacndrng the cntm 
length of the segment. 'rhe hlte malk 1.; apparently placed 
at a weak pomt In Llle leg exoskelaron and has a tendency 
to expand as prey rernarni bw& down B ~ r e  maks  were 
riot found on thc legs ol other prey species; howevm, oniy 
five legs hrom spccles other than T chrrrcrgorzu,, were 
exam~ned. Of the l?.t legs ea:mirnrd (n = 112) fiom 
Prince W~lllam Sound 29% (32)  had bite mark5 No brte 
mankr wele iec0~6eiJ. Cr0111 Pork Gr'~llam, alrhough only 
four T c&~rrragonzrs 1st legs wclc found in 611at area 

Wc dcscnbe remallls lnetnd ira 52 middcni f~untk nuts~de 
the dens of  (acloprt~ doflcrizr In order to as\lil beginning 
o~topuc resealcherr (or those expert on <pec~cs other rhara 
i,ctnphc-ss) 1n recognmng an onctupus mddcn The com- 
posrkxon of the rnndden may be helpful, as most hxl~dclens 
conbrrletl primarlly of crab and bivalve remans M o ~ t  
n~lddens In the rntcrtldal rn Prance Wrllnarn Sound ton- 
tamed orre or nztwe rsf tau* crab specaes (Table 2), \u h r t  
t h~c  specles cvrrnposltron was ch;uacterlstrc of 111acBdenb 
However, the chxasremt~c spccles were dlltcrenr at dl[- 
ferenl depths and geographic locationi (cornpare with Ta 
blcs 3, 4) The local dlit~ncttvenesc. oi octopus tnldden 
p~les  Iiu5 been noted In several papers detail~r~g t h a  oc- 

ropuws In dakfcrenl a~-eas eat drtferent spccics or hnndlc 
preq d~frmcnrly (References m T'ible I), but may also 
result f r o ~ n  Gacb>rs ~ntluencrng the reh~dence time ot prcy 
rcnaarn5 an mddens under dttterent cond~tloni (Arnhsose, 
1983, Mather, 1991) Clo\ai Inspectactn of prey remain\ 

horn middens revealed that octcipuses Zett marks on qome 
of their prey dtrring the process of killing and cunstlmlng 
them. Itlowever; soloe \peclef 04 prey wer-e more hkely 
to be inasked hail others, and most Item4 In m~cldens were 
not rn:ukecl by the octopus In our sample, three upecles 
oi crnbs were Itkely to be drrllcri o n  the carapace (Tabler 
2 -4) or a chclrped (Table 51, and a "brte" mark was often 
fc~.intl on the leg of the crab Telr?tessus cherru~on~ts 
However. most Items ef my bpecre5, and almost all bi- 
valve ren~a~ris exam~neci, bore no mark of being handled 
by 0. dojfclizz 

Octopuses typically dl111 many of i h c ~  hard-shelled 
prey The behavlor has been reported for a number of 
uckarpus hpecres 10itop~.tr dofletrti. Harlw~ck et ad, 1978, 
h b r o s c  el al . 1988; 0 hrtnacrtlafus Verr~ll ancl 0 br- 
nmaclilozde.~ Prckfcard & McCoxmaughey. P~lson & Tziylol 
1961 ; 0. mzn7us Gould, IX52 Colter et al , 1998; Hedone 
~irrhorn (L.arnarck). BoyPe & Ks~ablocb, 1981, Griseiy el 
a1 , 1996) and studred In derail m 0. vulgar-is Cuvrcr. 1797 
cd~scussed In Nixon 2k Maconnach~e, 1988) The average 
dlmensron\ ot hole, iirrlied by O dofirrzl in the hotter 
clam were L.03 mm on the ot~ler surface of the sl~ell and 
0 56 mm on the rnner surface of the shell (Arnbrose et 
a l  , 198R), ~vhde  drrll holes made by 8 vulgizrrc on My-  
tdus sp were round wlill average d~rnenalons of I .  1 mrn 
on the orl t~r mrface and 01114. 0.2 rnm on the Inner cur- 
face. Pn the latter ipccles, ctrlil holes were made primarily 
wlth the salivary palxfln (Nlxon. 19801, the secretions of 
which drc.iolve the shell (Nlxon & Macomachle, 1988). 
Nfuluple drill holes were common on an lnd~vldual prey 
item of 0. 1~u1gcln.x (Xaxon, 1979) On bivalves, 0, 1jul- 
garzs usually placed holes over the ddductor rntlrcle (Nix - 
on & Maconnacfire, 1988), and qalivary toxms weie \e- 
crcterl tlu-ough the hole to pcualyze, hll ,  or pathally d~gest 
the prey 

Some octopuses dnll emstacean.; as \.yell as brvalves 



Now at http://marine.alaskapacific.edu/octopus/EXPEDITION Middens.php
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contrast lo N~xnn's (1979) study of Octopus vulgurr~ 
whrch found that some specie.; wele drilled only once 
wbl!e others were drjlled m~alt~plc t~mcs Whether this 
drfte~ence 1s charactcnstlc cri the dafference In prey 
(mostly c l d s  In this study versus gastrop~ds in Nixon, 
1979) or of the octopus specles remans to bc cleterrnined 
Dlillrng was not employed prefcrenhally to opm the larg- 
est pkey. Telmessus chetraguri~is were typlcally lager 
than the other crab specles, yet were ieasl irequently 
drilled The cxo\kcleton of- T clzelmgonus is thinner and 
softel than that of the crabs that were more often drilled 
(personal obscrvatron), <id thls species probably ~s easler 
for the octopuses to pull apart or b ~ t e  open, trchnlyue\ 
that may be attempted m preference to dnll~ng (Hartw~ck 
el d l ,  1981) 

Blie marks were previously undesc~ibed '~nd little rs 
known about how ocaopusec utrlrze thclr bedks when cap- 
turxng prey 0 c t c ) p u ~  do$rrnr x e  known to "ch~p the edg- 
es of thc iblvalve) shell or break it wrth theii beaks" 
(Anderson, 1994). We observed bite marks on the Largest 
segment of the leg on a soft-shelled crab Telnze5- 
sLrr cherrr~gonzds The mark5 were O '3 to '3 O cnr In length 
We could find no data on the srze of gape In an octop~ls 
However, us~ng Robinson & Hnrtwlck (1983) we estl- 
mated the beak dlmenslons of a 2 6 kg octopu\ (the av- 
erage sire uC the octopuses that left the rn~ddens dcscnbed 
m this study) The pigment upper-lateral-wall length 
(PULWL) was cstlmatcd to be 18 8 m whlle the total 
upper-crest length was 30.3 mrn A~sumlng an octopu\' 
gape woulii be at most haft the PULWL. 0 doflesnt may 
he able ro make bltes as Iarge as 9 4 mm and theiefore 
were probably capable of ~nflictmg the marks we de- 
scrrbe In add~hon, we fed a captive octopus a llvc T. 
cherragonu, crab and collected Lhe crab rcmarns Imme- 
diately after feeilxng. A fresh mark, srnular to worn marks 
found on lemans In rnlddens, was found on the pcnultl- 
mate segment of one leg (F~gir~e  lc). confirnung that Oc- 
tnprrs doJletnr does make this mdrk when feed~ng on T 
chelragovzu~ A cd.ptive octopus d s o  left a bite  nark on 
the rernalns of a Guncrr J ? Y O C ~ L ~ U I  crab, the first \uch 
mark we have seen on rcrnalns of any crab othet than T 
C ~ E ~ E I C ~ ~ O ~ ~ L I F  

Descr~ptlons of prey midden\ have been a prunary 
method of descnb~ng octopus drets (Table I )  Desp~te t h ~ s  
relaance, published anformas~on on rccupnl/rng when re- 
m a m  arc leiit by octopuses 1s scarce The cornposit~on of 
mldden p~lcs  vanes fionl place to ptace and depends on 
local hah~tat as well as other factors (Hartwick et d, 
1981; Arnbrose, 1984; Vlncent et al , 1998), which means 
that the spccles that are character~st~c of octopus middens 
must be learned locally It 1s not posuble tc? ascribe any 
s~ngle prey rcnl~iin to a pasiurlcular cause or process when 
the remain wa5 found In the absence of an obv~otts pred- 
ator ad was not inarked by the cause of mortdhty IIow- 
ever, drill marks on one 01 more items wlthm a midden 
prov~de a conclus~ve ind~cation that the rn~dden contents 
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were left by a foragxng octopus Th15 definztt. mark of 
hdndllng left by oclopuses dllows the beg~nnlng reseatch- 
er t o  atirlbule at Icast some mlddens to octopuses and 
learn what prey are character~stic rn a locality Usmg a 
suite of factors, nl~cludrng the association of unmarked 
Items with octopuscs in therr dens or with Items rnarkcd 
by dntl holes or bites m the same mtdden, the researcher 
can become falnrltar with prey specler that, whrle locally 
common in octopus mrddens, are handled in such a way 
as to leave no physrcal marks (e g., Chlanzjc rub~da and 
C hastam an this study) Whrle some arnbxgu~ty wrll al- 
ways lemarn when mlddens conitst only of unmarked 
items, this local knowiedgc of how octopuses typically 
handle each prey specles 1s the only way that the sourcc 
of such remans can be lnfened 
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