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Abstract. We described the contents and the field signs of 52 midden piles found outside occupied dens of Octopus
dofleini (Wiilker, 1910) in Prince William Sound and Cook Inlet, Alaska. The contents of midden piles are important
data for describing octopus diets; yet the field signs for distinguishing octopus midden piles from remains left by other
processes can be subtle. Remains of four crab species, Telmessus cheiragonus (Telesius, 1815), Cancer oregonensis
(Dana, 1852), Pugettia gracilis Dana, 1851, and Lophopanopeus bellus (Stimpson, 1860), composed 74% of the prey
individuals represented in intertidal middens in Prince William Sound. However, the same species were not typical of
other locations: Chlamys hastata (Sowerby, 1843) and C. rubida (Hinds, 1845) were the most common species repre-
sented in subtidal middens, while the crab P. gracilis Dana, 1851, and the mussel Mytilus trossulus Gould, 1850, were
among the most common in intertidal middens found in Cook Inlet. Drills were found on the hard remains of six species
of crabs (75% of eight Crustacea species, 27% of 22 total species). Fifty-six percent of drill marks on crab species were
located toward the carapace posterior. Of the crab species sampled in Prince William Sound that were drilled at all, C.
oregonensis was the species most often drilled (36%), whereas T. cheiragonus was drilled least often (6%). Drills of O.
dofleini on crabs were oblong (2-6 X 1-2.5 mm), and came to a point at one or both ends. Drill marks tapered toward
the inside of the shell, and when the final perforation of the inner surface was made, the drill was no more than a
pinpeint. A previously undescribed mark in prey remains, the bite mark, occurred on the leg of T. cheiragonus. Bites
on weathered prey remains were about 1.2 cm long X 0.5 cm wide, occurring on the inside and outside 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). Pycnopodia helianthoides (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, includ-
ing Saxidomus giganteus Deshayes, 1839, which is also
a prey of otters (Riedman & Estes, 1988), and discard
the remains in midden piles (Hartwick et al., 1981; Hart-
wick & Thorarinsson, 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-
tek et al., 1992).

Determining how animal remains arrived at their pres-
ent location on a beach or on the sea floor requires paying
attention to sometimes subtle clues (e.g., Fotheringham,
1974). Even so, identifying the source of animal remains
can be an important research tool. Descriptions of prey
middens have been a primary method of describing oc-
topus diets; for example, in a sample of 12 papers inves-
tigating the diet of octopuses (Table 1) midden analysis
was used in eight. Octopuses are often mobile and leave
midden piles behind, so that the absence of an octopus at
a midden pile does not necessarily imply that the remains
were left by some other predator. Despite this, few de-
scriptions of the “‘signs” left by octopuses have been
published (but see Hartwick et al., 1978; Ambrose, 1983)
to assist the beginning octopus researcher or to be used
by someone working on species other than octopuses, but
interested in attributing marine invertebrate remains to the
animals that killed them. In this paper, we report field
signs indicative of the presence of Octopus dofleini on
beaches in Prince William Sound and Cook Inlet, Alaska,
and describe the methods by which middens left by O.
dofleini may be recognized.

From: captive studies, octopuses, including O. dofleini,
are known to use three different techniques to gain entry
to hard-shelled prey: they may pull it apart, ‘‘drill”
through the shell (Nixon, 1979; Hartwick, 1981), or bite
it open (Anderson, 1994). The latter two methods leave
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Table 1

Methods used to determine diet in a sample of octopus studies.

Method of

Species studied determining diet

Location

Source

Octopus dofleini stomach contents

Japan, review article

Mottet, 1975

O. dofteini midden counts British Columbia Hartwick et al., 1981
O. dofleini midden counts British Columbia Mather et al., 1985

O. dofleini midden counts British Columbia Cosgrove, 1987

O. dofleini observation Washington, captive study Anderson, 1991

O. dofleini midden counts Washington Anderson, 1994

O. dofleini midden counts Alaska Vincent et al., 1998

Q. rubescens midden counts California Laidig et al., 1995

O. vulgaris midden counts South Africa Smale & Buchan, 1981
O. vulgaris midden counts Bermuda Mather & O’Dor, 1991
O. vulgaris midden counts Bermuda Mather, 1991

O. vulgaris stomach contents

Spanish Mediterranean

Sanchez & Obarti, 1993

marks on the prey that may be uscd to ideatify remains
left by octopuses. The drill mark has frequently been
mentioned in the literature (e.g., for O. dofleini, Hartwick
et al., 1978, 1981; Hartwick, 1983), but described for O.
dofleini only on Saxidomus giganteus, a bivalve (Am-
brose et al., 1988). In this paper, we provide the first
published descriptions of O. dofleini drills on crab spe-
cies.

METHODS

Three study sites, Port Graham in Cook Inlet (59°21'N,
151°49'W) and Green (60°14’N, 147°14'W) and Monta-
gue (60°16'N, 147°26'W) Islands in Prince William Sound
were surveyed for Octopus dofleini. The surveys consist-
ed of intertidal beach walks and SCUBA dives, to depths
of 33 m below mean lower low water (MLLW). Dens
were identified by the presence of an octopus. If den litter
was present at an occupied den, all bits were collected
for later measurement and identification (following Foster
1991 for bivalves and Kozloff 1987 for all other taxa).
Remains were judged to be either fresh (without algae
growth on inner surfaces and unweathered) or old (either
with algal growth or weathered). Old remains were not
counted and measured as part of the octopus midden, as
these remains may have been buried in the sediment until
excavated by the octopus when making its den. All spec-
imens collected were inspected for octopus drills or other
signs of handling by octopus, and the locations of such
marks were noted. Measurements of the lengths and
widths were taken of bivalves, crab carapaces, and crab
legs.

RESULTS

Prey remains were collected from 52 intertidal and sub-
tidal sites located outside occupied dens and attributed to
Octopus dofleini on the basis of the octopus in attendance.
Middens characteristically contained crab remains: for

example, of the 42 middens found at intertidal dens in
Prince William Sound, 40 contained at least one item
from a crab. The most common species in these intertidal
middens were Telmessus cheiragonus, Cancer oregonen-
sis, Pugettia gracilis, and Lophopanopeus bellus, which
together composed 74% of the sample of prey (estimated
minimum individuals represented by midden items, Table
2). However, middens in other locations often had a dif-
ferent composition. Subtidal middens, collected from the
same areas in the Sound but from depths between —5 and
=33 m MLLW, were dominated by remains of scallops
and other bivalves, rather than of crabs (Table 3); while
four intertidal middens from Port Graham (in Cook Inlet,
Alaska) contained a mixture of crabs and bivalves, but
the most abundant species there were not the same as in
the Sound (Table 4).

Inspection of midden remains sometimes revealed
marks left by the octopus: we found both “‘drill” and
“bite’” marks (Figure 1). The drill mark of O. dofleini on
carapaces of Cancer oregonensis and Lophopanopeus
bellus (Figure 1a) was oblong, about 1.5-3.0 millimeters
long and 0.25-2.0 millimeters wide, and usually came to
a point at one or both ends. The drill gradually tapered
from the outside of the shell toward the inside. The final
perforation of the inner surface may be no more than a
pinpoint. The only other drill marks that we found on
shells in this area (not in octopus middens) were moon
snail drill marks that were larger and almost perfectly
round, and were readily distinguishable by size and shape
from the marks of Octopus dofleini. Drills were found on
the carapace or chelipeds of six species of prey (27% of
22 species found in middens, Tables 2-5).

Drill marks were more frequently encountered on some
species than others. Of the crab remains found in inter-
tidal middens in the Sound (Table 2), the carapaces of
Cancer oregonensis and of Pugettia gracilis were most
often drilled, while those of Telmessus cheiragonus were
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Table 2

Prey remains found in 42 intertidal midden piles left by Octopus dofleini on Green and Montague Islands,
Prince William Sound, AK.

Count found!

No. drilled

Avg. size?

Taxon Species (prop. of sample in parentheses) (sample size)
Decapoda Telmessus cheiragonus (Telesius, 1815) 70 (0.30) 4 (0.06) 3.55 (70)
Decapoda Cancer oregonensis (Dana, 1852) 58 (0.25) 21 (0.36) 1.99 (55)
Decapoda Pugettia gracilis Dana, 1851 23 (0.10) 6 (0.26) 27721
Decapoda Lophopanopeus bellus (Stimpson, 1860) 20 (0.09) 2(0.10) 1.57 (18)
Bivalvia Muacoma inquinata (Deshayes, 1855) 17 (0.07) 0 2.75(15)
Bivalvia Protothaca staminea (Conrad, 1837) 17 (0.07) 0 2.16 (16)
Bivalvia Saxidomus giganteus Deshayes, 1839 § (0.03) 0 2.63(8)
Gastropoda Littorina sitkana Philippi, 1845 4 (0.02) 0
Bivalvia Chiamys hastata (Sowerby, 1843) 3 (0.013) 0 3.83(3)
Bivalvia Pododesmus macroschisma (Deshayes, 1839) 3(0.01) 0 6.40 (3)
Polyplacophora Tonicella lineata (Wood, 1815) 2(0.01) 0 1.20 (1)
Bivalvia Mytilus trossulus Gould, 1850 2 (0.0 0 1.95 (2)
Decapoda Cancer productus Randall, 1839 2 (0.01) 0 6.00 (1)
Decapoda Cryptolithodes sitchensis Brandt, 1853 2(0.0D) 0
Rivalvia Chlamys rubida (Hinds, 1845) 1 (0.004) 0
Decapoda Hapalogaster mertensii Brandt, 1850 1 (0.004) 0
Decapoda Phyllolithodes papillosus Brandt, 1849 1 (0.004) 0 50 (D
Gastropoda Trichotropis cancellata Hinds, 1849 1 (0.004) 0 10,5 (1)

! For crabs, only the number of carapaces is given, indicating the minimum number of individuals represented in the litter; for bivalves,
each count indicates cither the left valve, right valve, or both when still attached.

* The mean of the carapace length (cm) for crabs and of valve length for bivalves. Sample size is indicated in parentheses (in some
cases, remains were broken and could not be measured, although the fragments could be identified to species).

only infrequently drilled. In contrast to crabs, most bi-
valves were not drilled (Tables 2—4). Chlamys sp. valves
found at both intertidal and subtidal dens were never
drilled (n = 19), nor were any other bivalves collected in
the Sound (Tables 2 & 3). However, drills were recorded
on four bivalves from middens in front of unoccupied
dens in Port Graham (Figure 1b).

We also examined the locations of drill marks on crab
remains, using a sample of 50 drilled carapaces and 21
drilled chelipeds (of all species) collected from midden
piles at both occupied and unoccupied dens in Prince Wil-
liam Sound (including remains in Tables 2, 3, 5, and ad-

ditional remains not listed). Each item was drilled only
once. On carapaces, 38% of the drills (n = 19 of 50)
were placed over the posterior midline (Figure 2a). Ad-
ditional drills were placed immediately to the right (n =
6) or to the left (n = 3) of the posterior midline, so that
56% (n = 28) of the drills were located in the posterior
medial portion of the carapaces. The next most common
position drilled was over the medial central portion of
carapaces (n = 18 or 36%), including drills on the central
midline (n = 9) and immediately to the right (n = 4) or
left (n = 5) of midline. The remaining 8% of the drills
(n = 4) were located in the left posterior section of the

Table 3

Prey remains found in six subtidal midden piles left by Octopus dofleini near
Green and Montague Islands, Prince William Sound, AK.

Taxon Species No. found! No. drilled Avg. size!
Bivalvia Chlamys hastata (Sowerby, 1843) 9(0.24) 0 2.46 (9)
Bivalvia Chlamys rubida (Hinds, 1845) 6(0.16) 0 2.23(6)
Bivalvia Macoma inquinata (Deshayes, 1855) 5(0.14) 0 3.58(5)
Decapoda Cancer oregonensis (Dana, 1852) 5 0.1 4 (0.80) 1.68 (5)
Decapoda Pugettia gracilis Dana, 1851 4 (0.1 0 2.70 (3)
Decapoda Lophopanopeus bellus (Stimpson, 1860) 4 (0.11) 0 1.68 (4)
Gastropoda Acmaea sp. 3(0.08) 0 1.73 (3)
Bivalvia Pododesmus macreschisma (Deshayes, 1839) 1 (0.03) 0 2.60 (1)

! Details as in Table 2.
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Table 4

Prey remains found in four intertidal midden piles left by Octopus dofleini Port Graham, Cook Inlet, AK.

Taxon Species No. found' No. drilled Avg. size'
Decapoda Pugettia gracilis Dana, 1851 7(0.35) 0 2.63(7)
Bivalvia Mytilus trossulus Gould, 1850 4 (0.20) 0 2.98 (4)
Decapoda Cancer oregonensis (Dana, 1852) 3(0.15) 2(0.67) 217 (3)
Bivalvia Protothaca staminea (Conrad, 1857) 2(0.10) 0 1.95(2)
Bivalvia Macoma nasuta (Conrad, 1837) 1 (0.05) Q 1.80 (1)
Gastropoda Nucella emarginata (Deshayes, 1839) 1 {0.05) 0 2.70(D)
Gastropoda Nucella ima (Gmelin, 1791) 1(0.05) 0 2.60 (1)
Bivalvia Saxidomus giganteus Deshayes, 1839 1 (0.05) 0 2.60(1)

¥ Details as in Table 2.

carapaces. Chelipeds were drilled on both inner (67%)
and outer surfaces (33%) (Figure 2b, ¢), most commonly
over the cheliped midiine, but occasionally dorsal or ven-
tral of the midline. We observed only one drill that was
beyond the cheliped joint, but still on the leg of the crab.
The Port Graham bivalves (n = 4) were drilled toward
the posterior of the umbo (Figure 1b).

A previously undescribed mark, which we term the
“bite mark” (Figure 1c), was found exclusively on the
penultimate segment of the 1st (cheliped) leg of Telmes-
sus cheiragonus. As implied by the name, we believe the
bite mark is made when the octopus uses its beak to bite
through the leg of this prey species. Bite marks were oval
in shape and greatly varied in size depending on the
amount of weathering of the remains. In the freshest spec-
imens, bite marks were about 1.2 cm long X 0.5 cm wide,
located on the inside of the leg, and extending the entire
length of the segment. The bite mark is apparently placed
at a weak point in the leg exoskeleton and has a tendency
to expand as prey remains break down. Bite marks were
not found on the legs of other prey species; however, only
five legs from species other than 7. cheiragonus were
examined. Of the 1st legs examined (n = 112) from
Prince William Sound 29% (32) had bite marks. No bite
marks were recorded from Port Graham, although only
four 7. cheiragonus 1st legs were found in that area.

DISCUSSION

We describe remains found in 52 middens found outside
the dens of Ocropus dofleini in order to assist beginning
octopus researchers (or those expert on species other than
octopuses) in recognizing an octopus midden. The com-
position of the midden may be helpful, as most middens
consisted primarily of crab and bivalve remains. Most
middens in the intertidal in Prince William Sound con-
tained one or more of four crab species (Table 2), so that
this species composition was characteristic of middens.
However, the characteristic species were different at dif-
ferent depths and geographic locations (compare with Ta-
bles 3, 4). The local distinctiveness of octopus midden
piles has been noted in several papers detailing that oc-

topuses in different arcas eat different species or handle
prey differently (References in Table 1), but may also
result from factors influencing the residence time of prey
remains in middens under different conditions (Ambrose,
1983; Mather, 1991). Closer inspection of prey remains
from middens revealed that octopuses left marks on some
of their prey during the process of killing and consuming
them. However, some species of prey were more likely
to be marked than others, and most items in middens were
not marked by the octepus. In our sample, three species
of crabs were likely to be drilled on the carapace (Tables
2—4) or a cheliped (Table 5), and a “*bite’”” mark was often
found on the leg of the crab Telmessus cheiragonus.
However, most items of any species, and almost all bi-
valve remains examined, bore no mark of being handled
by O. dofleini.

Octopuses typically drill many of their hard-shelled
prey. The behavior has been reported for a number of
octopus species (Octopus dofleini: Hartwick et al., 1978;
Ambrosc et al., 1988; O. bimaculatus Verrill and O. bi-
maculoides Pickford & McConnaughey: Pilson & Taylor
1961; O. mimus Gould, 1852: Cortez et al., 1998; Eledone
cirrhosa (Lamarck): Boyle & Knobloch, 1981; Grisely et
al., 1996) and studied in detail in O. vulgaris Cuvier, 1797
(discussed in Nixon & Maconnachie, 1988). The average
dimensions of holes drilled by O. dofleini in the butter
clam were 1.03 mm on the outer surface of the shell and
0.56 mm on the inner surface of the shell (Ambrose et
al., 1988), while drill holes made by O. vuigaris on My-
tilus sp. were yound with average dimensions of 1.1 mm
on the outer surface and only 0.2 mm on the inner sur-
face. In the latter species, drill holes were made primarily
with the salivary papilla (Nixon, 1980), the secretions of
which dissolve the shell (Nixon & Maconnachie, 1988).
Multiple drill holes were common on an individual prey
item of O. vulgaris (Nixon, 1979). On bivalves, O. vul-
garis usually placed holes over the adductor muscle (Nix-
on & Maconnachie, 1988); and salivary toxins were se-
creted through the hole to paralyze, kill, or partially digest
the prey.

Some octopuses drill crustaceans as well as bivalves
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Figure 1

Hlustrations of the marks found in the prey remains of Octopus
dofleini: typical drill mark on (a) the carapace of the Oregon
Cancer crab, Cancer oregonensis, and (b) the umbo of the bi-
valve, Protothaca staminea (the circle shows the view through a
microscope; the scale bar shows one millimeter); and (¢) typical
bite mark on the leg of the helmet crab, Telmessus cheiragonus.
At the time of publication, images of these and other prey re-
mains from octopus middens are available at www.pwssc,
gen.ak.us/~dls/octopus/specimens/ on the world-wide web.

Now at http://marine.alaskapacific.edu/octopus/EXPEDITION Middens.php

(Octopus vulgaris, Guerra & Nixon, 1987; Eledone cir-
rhosa, Boyle & Knobloch, 1981; Grisley et al., 1996).
Although drilling as a predatory behavior against mol-
lusks has been described in detail (e.g., Pilson & Taylor,
1961; Nixon, 1979; Ambrose et al., 1988; Nixon & Ma-
connachie, 1988), work with crustaceans has focused on
the toxicity of saliva to this taxa (e.g., Ghiretti, 1959,
1960; Pilson & Taylor, 1961, but for exceptions see Guer-

Table 5

Crab chelipeds found in 42 intertidal midden piles left by
Octopus dofleini on Green and Montague Islands, Prince
William Sound, AK.

Count No.
Species found!' drilled  Avg. size’
Cancer oregonensis
(Dana, 1852) 115(0.54)  4(0.03) 1.59(114)

Lophopanopeus bellus

(Stimpson, 1860) 51(0.24) 4(0.08) 1.67(51)
Telmessus cheiragonus

(Telesius, 1815) 35(0.16)  4(0.11) 2.83(32)
Pugettia gracilis

Dana, 1851 9 (0.04) 2(0.22) 1.67(9)
Hapalogaster mertensii

Brandt, 1850 3(0.01) 2(0.67) 2.57(3)
Cancer productus

Randall, 1839 1 (0.005) 1(1.00) 4.00(1)

! The number of crab chelipeds found. This does not indicate
the minimum number of prey individuals represented in the litter
as both left and right chelipeds were usually found in the same
midden. Details as in Table 2.

* Size is the mean of cheliped lengths (cm). Details as in Ta-
ble 2.

ra & Nixon, 1987; Boyle & Knobloch, 1981; Mather &
Nixon, 1995; Grisley et al., 1996). Drilling of crustacean
prey has been noted for O. dofleini (Hartwick et al., 1981)
although not described in detail. We found that Cancer
oregonensis, Pugettia gracilis, and Lophopanopeus bellus
remains were often drilled (10-41% of carapaces, Tables
2—-4), whereas bivalve prey and some crabs (e.g., Tel-
messus cheiragonus) were most often not. We found only
a single drill mark per prey item regardless of species, in

a 3 /19 6

Figure 2

[llustrations of the position and number of Q. dofleini drills (a)
on carapaces of the five most abundant crab species in middens
(Table 2), (b) on the outer surface, and (c¢) inner surface of che-
lipeds of the same species, plus Hapalogaster mertensii (species
in Table 5).
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contrast to Nixon’s (1979) study of Octropus vuigaris
which found that some species were drilled only once
while others were drilled muitiple times. Whether this
difference is characteristic of the difference in prey
(mostly crabs in this study versus gastropods in Nixon,
1979) or of the octopus species remains to be determined.
Drilling was not employed preferentially to open the larg-
est prey: Telmessus cheiragonus were typically larger
than the other crab species, yet were least frequently
drilled. The exoskeleton of T. cheiragonus is thinner and
softer than that of the crabs that were more often drilled
(personal observation), and this species probably is easier
for the octopuses to pull apart or bite open, techniques
that may be attempted in preference to drilling (Hartwick
et al., 1981).

Bite marks were previously undescribed and little is
known about how octopuses utilize their beaks when cap-
turing prey. Octopus dofleini are known to “‘chip the edg-
es of the (bivalve) shell or break it with their beaks”
(Anderson, 1994). We observed bite marks on the largest
segment of the leg on a soft-shelled crab species Telmes-
sus cheiragonus. The marks were 0.3 to 3.0 cm in length.
We could find no data on the size of gape in an octopus.
However, using Robinson & Hartwick (1983) we esti-
mated the beak dimensions of a 2.6 kg octopus (the av-
erage size of the octopuses that left the middens described
in this study). The pigment upper-lateral-wall length
(PULWL) was estimated to be 18.8 mmm while the total
upper-crest length was 30.3 mm. Assuming an octopus’
gape would be at most half the PULWL, O. dofleini may
be able to make bites as large as 9.4 mm and thercfore
were probably capable of inflicting the marks we de-
scribe. In addition, we fed a captive octopus a live 7.
cheiragonus crab and collected the crab remains imme-
diately after feeding. A fresh mark, similar to worn marks
found on remains in middens, was found on the penulti-
mate segment of one leg (Figure 1c¢), confirming that Oc-
topus dofleini does make this mark when feeding on 7.
cheiragonus. A captive octopus also left a bite mark on
the remains of a Cancer productus crab, the first such
mark we have seen on remains of any crab other than 7.
cheiragonus.

Descriptions of prey middens have been a primary
method of describing octopus diets (Table 1). Despite this
reliance, published information on recognizing when re-
mains are left by octopuses is scarce. The composition of
midden piles varies from place to place and depends on
local habitat as well as other factors (Hartwick et al.,
1981; Ambrose, 1984; Vincent et al., 1998), which means
that the species that are characteristic of octopus middens
must be learned locally. It is not possible to ascribe any
single prey remain to a particular cause or process when
the remain was found in the absence of an obvious pred-
ator and was not marked by the cause of mortality. How-
ever, drill marks on one or more items within a midden
provide a conclusive indication that the midden contents

were left by a foraging octopus. This definite mark of
handling left by octopuses allows the beginning research-
er to attribute at least some middens to octopuses and
learn what prey are characteristic in a locality. Using a
suite of factors, including the association of unmarked
items with octopuses in their dens or with items marked
by drill holes or bites in the same midden, the researcher
can become familiar with prey species that, while locally
common in octopus middens, are handled in such a way
as to leave no physical marks (e.g., Chlamys rubida and
C. hastata in this study). While some ambiguity will al-
ways remain when middens consist only of unmarked
items, this local knowledge of how octopuses typically
handle each prey species is the only way that the source
of such remains can be inferred.
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