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ABSTRACT: Shelters on the sandy bottom area of the Northwest San Matias Gulf {Argentina) consist
mostly of shells of invertebrates. Small octopuses Octopus tehuelchus d'Orbigny use the shells of
gastropods Zidona dufresnei, Odontocymbiola subnodosa and Buccinanops gradatum, barnacles
Balanus sp. and clams Pitar rostratus and Amiantis purpurata. Intermediate-size octopuses use mainly
oyster shells Ostrea puelchana. Large octopuses used a variety of shelters made up by parts of shells or
other sources. Shells of O. puelchana were the most important shelter for brooding females. Most eggs
{ca 90 %) were placed on the concave valve. When clams were used as the brooding shelter, however,
eggs were evenly distributed between the 2 valves. The quality of shelter affects reproductive output,

particularly that of larger females.

INTRODUCTION

Use of shelters is well documented for several
octopus species. Spatial distribution is partially control-
led by shelter availability in Octopus doffleini Wulker
(Hartwick et al. 1978) and O. joubini Robson (Mather
1982). O. vulgaris Cuvier (Altman 1967), O. doffleini
(Hartwick & Thorarinsson 1978), O. bimaculatus Verrill
(Ambrose 1982), O. cyanea Gray (Van Heukelen 1973),
O. joubini (Mather 1982), and O. aegina Gray (Eibl-
Eibesfeldt & Scheer 1962) select shelters. O. vulgaris
modifies shelter quality (Bierens de Haan 1926).

Several shelter characteristics affect octopus prefer-
ence. Size of entrances are selected for by Octopus
joubini (Mather 1982), and total size of the refuge is
selected for by O. doffleini (Hartwick et al. 1984).
Blockage of light is important in O. vulgaris (Bierens de
Haan 1926) and O. joubini (Mather 1982).

This study assesses the importance of and charac-
terizes the use of shelter by Octopus tehuelchus d'Or-
bigny. This is a small species distributed in the South-
western Atlantic from southern Brazil (30°S) to the
Northern Argentinean Patagonia (43 to 44°S) (Carcel-
les 1940, Castellanos & Menni 1969, Ré & Taylor 1981).
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It reaches its highest densities in the intertidal and
shallow subtidal area (down to 15 m) of the San Matias
Gulf, Argentina (40 to 42°S). The spawning and brood-
ing season runs from fall to spring. There is no pelagic
larval stage; the relatively large benthic hatchlings
settle immediately and reach their adult size at the end
of the following summer (Iribarne unpubl.).

Since female octopuses use shelter while brooding
their eggs, the shelter not only affects the organism's
chance of survival, but it may also affect its reproduc-
tive output. Reproductive success may be limited by
shelter availability. The actual brooding area provided
by a given shelter may also depend on its quality
(shape, condition, etc.), which in turn may control
fecundity.

The following questions are addressed in this study:
(1) Is shelter use a function of size, sex or sexual
maturity? (2) Is fecundity affected by shelter type or
shelter quality? (3) Can shelters be considered a limit-
ing resource in this area? (4) If so, are shelters equally
limiting over the octopus’ life span?

MATERIAL AND METHODS
Study site and sampling procedures. An octopus
population living in an oyster bed at the entrance

of San Antonio Bay, Argentina (40°45’'S, 65°55' W)
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(Fig. 1) was sampled monthly from August 1986 to June
1987. The inner bay, where the semidiurnal tidal
regime exposes ca 80 % of the area, has an extended
intertidal flat with creeks and channels. The main
channel connecting the bay to the San Matias Gulf,
where the oyster bed is located, 1s dominated by a
shallow sandy subtidal bottom (1 to 12 m}). Specimens
were collected by SCUBA diving. Due to the strong
tidal current {up to 3 knots) collection was restricted to
a few hours around low tide. Octopuses were taken by
2 procedures: (1) swimming randomly and collecting
all the individuals found, or (2) sampling along tran-
sects. In the latter, divers laid down a 100 m long rope,
divided into 10 equal parts. The sampled stnp ex-
tended 1 m to each side of the rope. Octopuses found
in each sampling unit (10 m?) were counted and col-
lected. Individual octopuses, together with their shel-
ters, were kept in separate plastic bags. When possible,
100 individuals were gathered each month. Shelters
were returned to the sampling area after being ex-
amined.

Individuals were sexed and the following measure-
ments were taken: total weight (TW), and dorsal man-
tle length (DML]. Sexual maturity was determined on a
5-stage maturity scale for females, and 3-stage scale for
males (Pujals 1982 with minor modifications). These
scales are based on the ratio between weight of the
testis (tW) and the Needham sac (NW) (males), and
between weight of oviductal gland (odW) and the
ovary (oW). Matunty index was calculated as M =

NW/(tW + NW) and M =
(females).

The female maturnty (M) scale utilized is as follows:
MO (immature): M = 0.3; M1 (incipient maturity): 0.3 =
M =0.15; M2 (medium maturity): 0.15 = M =0.06; M3
(full matunty): 0.06 = M =0.02; M4 (post spawning):
M =0.3, distended empty ovary with grey color.
Spawned eggs were counted. Mature individuals
found laying eggs were scaled as M3/4. The number
and location of eggs in the shelter were recorded.

The male maturity scale is as follows: M1 (imma-
ture): M = 0.129; M2 (mature): M = 0.130, testicles
increasing volume, Needham complex very well differ-
entiated, with spermatophores in the penis; M3 (post-
spermatophoric): M = 0.130, similar to the previous
stage but without spermatophores in the penis.

Objects presumed suitable as shelters were iden-
tified, and difterent measurements were taken depend-
ing on the type of shelter. Total length, total width and
volume of empty bivalve shells were measured. The
general aspect of the shells was recorded, and particu-
lar attention was given to whether or not the 2 valves
were held together by the ligament. Total length, peri-
stomial length and volume of gastropods shells were
measured. Total height, total width, maximum diame-
ter and volume of barnacles were measured. Other
potential shelters such as cans and bottles were also
measured (size and volume). Volume was assessed in 2
ways: (1) barnacles and cans were filled with water,
whose volume was subsequently measured, (2) volume

(males) odW/(odW + oW)
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of bivalves was calculated as the difference between
the amounts of water displaced by the 2 empty valves
and by a living bivalve of corresponding size.

Refuge quality was categorized as:

‘Shelter type 1': bivalves with the 2 valves held
together by an intact ligament, and unbroken gas-
tropods and barnacles.

‘Shelter type 2': broken barnacles and gastropods,
and refuges made up by shells fragments or other
objects.

RESULTS
Field observations

Only a few octopuses were seen outside their refuges
during the whole sampling period at low tide (more
than 200 h of daylight underwater observations). When
shelters were handled by divers, females always
remained hidden without any attempt to escape, while
males often left the shelter.

Shelters were mostly of biological origin. The pro-
portions of the different types of shelter remained simi-
lar through the study period (Fig. 2). The highest per-
centage of shelters utilized (50 to 75 %) corresponded
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Fig. 2. Octopus tehuelchus. Number of individuals sampled in

each survey and percentage of each type of shelters utilized.

a: Ostrea puelchana; b: Pitar rostratus plus Amiantis pur-

purata; ¢: Balanus sp.; d: gastropods; e: others, mostly made
up of parts of shells

to shells of the flat oyster Ostrea puelchana d'Orbigny,
an epibenthic oyster with the right valve concave and
the left valve flat. Two equivalve clams, Amiantis pur-
purata (Lamarck) and Pitar rostratus (Koch), very alike
in shape and size, ranked second. Gastropod shells,
including Buccinanops gradatum (Deshayes), Odon-
tocymbiola subnodosa (Leach) and Zidona dufresnei

(Donovan), were common refuges, but made up less
than 9 % of the refuges utilized.

Among shelters advected by tidal currents, shells of
Balanus sp. were the most important. Shells of the
mussel Mytilus edulis platensis d Orbigny, the scallop
Chlamys tehuelchus (d'Orbigny) and the clam Pro-
tothaca antiqua (King) were scarce.

Valves of bivalves that inhabit the oyster bed used as
shelters were generally undamaged and held together
by the ligament (i.e. Type 1 shelter). Valves of advected
bivalves were usually separated, and were often
utilized as part of shelters categorized as Type 2.

There was no evidence of competition with other
species for the use of shelters. Hermit crabs were com-
paratively small and competition with small octopuses
was not observed.

Relationship between octopus size and shelter size

Only shelters that were clearly identifiable and in
good condition are considered here, generally corres-
ponding to shelter Type 1. Post-spawning females
were excluded from analysis due to their wide variation
in weight.

Opyster shells being utilized as refuges by octopuses
were easily recognized: their valves were more sepa-
rated than in live specimens, and were generally half
buried in the sand on the umbonal end. Oyster length
and octopus weight was highly correlated (r = 0.615,
n = 53, p < 0.0005) (Fig. 3a), but oyster volume and
octopus weight were not related (r = 0.13, n = 53,
p > 0.5). The oyster shells were rarely totally closed,
which makes the volume of a closed individual a poor
predictor of the actual shelter volume.

Octopuses sheltering in Pitar rostratus or Amiantis
purpurata were more difficult to identify, but the reclin-
ing position of the shell, unusual for living clams, was a
good clue that they were occupied by an octopus. Due
to their similarity in size and shape, these 2 species
were analysed together. In this case refuge volume
showed a high correlation with octopus weight
(r = 0.624, n = 69, p < 0.0005) (Fig. 3b).

Octopuses sheltering in Balanus sp. were easily iden-
tified; the shell entrance was usually blocked with
small objects. The volume showed a strong linear
relationship with octopus weight (r = 0.931, n = 17,
p < 0.0005) ({Fig. 3¢).

Due to the relationship between octopus size and
shelter volume and to the size range of different avail-
able shelter types, the relative importance of the differ-
ent shelters changed over the octopus’ life span (Fig. 4).
Small individuals used oyster and gastropod shells;
later, gastropods were gradually replaced by shells of
Pitar rostratus, Amiantis purpurata, and Ostrea puel-
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Fig. 3. Octopus tehuelchus. Relationships between (a) total
length of oysters Ostrea puelchana used as refuge and octopus
weight (g), (b) total volume of Pitar rostratus or Amiantis
purpurata used as refuge and octopus weight (g), and (c) total
volume of Balanus sp. used as refuge and octopus weight (g}

chana. Individuals heavier than 65 g used mostly shel-
ters composed of mixed sources, and to a lesser extent
oyster shells.

Shelter availability and utilization

The size distribution of available and used shelters
differed significantly among the main types (Ostrea
puelchana, Fig. 5; Pitar rostratus + Amiantis purpurata,
Fig. 6; and Balanus sp.). Octopuses only used the larger
classes of the available size range. The larger shelters
were rarely unoccupied (Figs. 5 and 6).

Shelter quality and sexual maturation

Females used Type 1 shelters more often (85 %) than
males (55.3%) (Fig. 7). The proportion of different
shelter types used changed little or not at all during the
male's reproductive cycle (Fig. 7, upper). In contrast,

females used more Type 1 shelters when they began to
lay eggs (M3/4) or brood (M4) (Fig. 7, lower).

Shelters used for brooding and patterns of egg laying

Most brooding females used empty shells of Ostrea
puelchana (Fig. 8). A high percentage (ca 90 %) of eggs
were attached to the concave shell. The proportion
attached to the flat shell increased with fecundity (Fig. 9).

Shells of Pitar rostratus and Amiantis purpurata were
used for brooding shelters less often (and by smaller
females) than those of oysters. In this case eggs were
evenly distributed between the 2 valves (n= 23,
¥? = 44.98; Hy = 1:1, x%0.005 22) = 42.79, NS) (Fig. 10).
As in oysters, they were attached to the most concave
part of each shell.

Barnacles were less frequently brooding shelters.
Eggs were always attached to the deepest part of the
shell. Similar patterns of egg attachement were ob-
served in cans or bottles.

Fecundity and shelter quality

The maximum number of eggs per female was 170.
The relationships between octopus TW, DML, and
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Fig. 5. Relation between the size distribution of used (cross-

hatched bars) and available (black bars) oysters (Ostrea puel-

chana) as shelters. (a) September; (b) October; (c) December;
{d) February; (e) March

number of eggs were best described by the following
functions:

Eggs = —360.458 (SD = 36.17)
+117.91 (SD = 24.25) In DML(mm);
r =0.528, n = 69, p < 0.005

~127.252 (SD = 23.97)
+64.581 (SD = 10.68) In TW(g);
= 0.541,n = 69, p < 0.005

Eggs

However, when brooding females were separated
according to the quality of their shelter (Fig. 11) fe-
males brooding in shelter Type 1 had on average signi-
ficantly higher fecundity than those brooding in shelter
Type 2 (X Type 1 = 105.27, SD = 42.36, n = 43;
X Type 2 = 71.35, SD = 34.11, n = 26; t. = 3.46, 43 df;
0.001 < p < 0.002; Zar 1984).

DISCUSSION

Octopus tehuelchus in San Antonio Bay almost
exclusively inhabits refuges of biological origin. Shelter
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Fig. 6. Relation between the size distribution of used (cross-

hatched bars) and available (black bars) Pitar rostratus +

Amiantis purpurata. f{a) September; (b) October; (c)
December; (d) February; (e) March

size was directly related to octopus size (or volume).
Since available shelter types differ in size, utilization
changes over the life span of the octopuses. Small
octopuses mainly used shells of gastropods {Buc-
cinanops gradatum), clams (Pitar rostratus and Amian-
tis purpurata) and flat oysters (Ostrea puelchana).
Although small oysters could not be used due to their
extremely small volume, large oysters were the almost
exclusive refuge of intermediate size octopuses. The
only refuges available to octopuses as they grew large
were mixed shelters, which may not be the safest: they
are visually discernible, increasing the chances of
octopuses being detected by predators.

Shelters are more limited in supply on soft bottoms
than in rocky areas (Ambrose 1982). This is the case on
the extended sandy bottom of the northern San Matias
Gulf and, particularly, the oyster bed where the study
was conducted. Three observations suggest that shel-
ters may be a limited resource, mainly for large
octopuses: (1) an increase in the use of mixed shelters
with increase of octopus size, (2) the difference
between the size distribution of used and available
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shelters, and (3) frequent use of man-made objects
such as cans, bricks and tires to catch octopuses in the
same area (pers. obs.).

Octopus tehuelchus broods its eggs like other
octopus species; females protect and keep their eggs
clean throughout the whole of embyonic development.
Brooding is usually associated with small adult size in
order for females to be able to ventilate and hold all the
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eggs that they produce (Strathmann 1985). Since
octopuses lack any brooding device, shelters are used
for brooding. This enhances the importance of shelters,
which potentially affect the individual's reproductive
output.

Requirements for shelter differ between sexes. Both
sexes in this semelparous and seasonal spawner
species mature almost at the same time {(Pujals 1982). It
can be hypothesized that the adaptive value of using
shelters may change during the octopus’ life span
depending on the sex of the individual. Before mating,
shelters may be equally valuable for both sexes. After
mating, however, the usefulness of shelters may be
greater to females, since they brood their eggs.

Mature male Octopus rubescens Berry that had dis-
charged all the spermatophores rarely used shelters
(Dorsey 1976). In contrast, males of O. tehuelchus use a
similar type of shelter throughout their life span. How-
ever, females greatly increased the use of good quality
shelters when they reached maturity. This pattern may
be the consequence of different requirements of shel-
ters by females, but it does not suggest any particular
behavior in males.

If fecundity increases with body volume, but the
capacity for ventilating eggs increases in proportion to
surface area, the difficulty of brooding all the offspring
that an individual can produce will increase with indi-
vidual size (Strathmann 1985). Although this idea was
developed mainly for internal brooders, octopuses,
mostly species with large eggs like Octopus tehuel-
chus, may also face this problem. The pattern of laying
eggs in oyster shelters, with higher percentage of eggs
placed on the concave valve, and the pattern on clam
shells (with equal amount of eggs in each concave
valve) may increase the size of the brood. Females
brood their eggs by cleaning, ventilating and protect-
ing them until they hatch. A concave area may allow
more eggs to be reached and protected with the same
arm length, resulting in ventilation and care of a rela-
tively larger number of eggs for a given body size. O.
joubini (Hanlon 1983) also lays eggs in the most con-
cave part of valves.

Whether or not fecundity varies with shelter quality
in other octopus species is unknown. The variation in
fecundity in Octopus tehuelchus suggests that shelter
quality is important. Fecundity was highest for females
brooding in a high quality shelter. This may be attri-
buted to at least 2 factors. When refuges are con-
structed with various objects, the mature female may
have to invest some energy in holding the parts
together — energy which would otherwise be allocated
to egg production. Females brooding in a low quality
shelter may also have a higher risk of egg predation
and loss of eggs with dislodgement of part of the
refuge.

For species that must use refuges to protect them-
selves from predators, the size of the individual may
impose constraints on its ecology. Larger individuals
cannot fit in small refuges, while small individuals fit in
larger refuges, but remain exposed and lose the pos-
sible advantage of being small. In San Antonio Bay,
availability of shelters is more limiting for large than for
small octopuses. This is consistent with the fractal
geometry nature of the substrate (Caddy 1986): smaller
organisms have more shelters than larger ones. Large
octopuses may thus have less protection and lower
quality refuges in which to brood their eggs. However,
size also limits reproductive capacity; small individuals
produce fewer eggs than larger ones. If the ultimate
size that the octopus attains is genetically controlled, it
may be expected that in the San Antonio Bay large size
may experience negative selection.

Refuges were almost exclusively provided by bi-
valves. Since octopuses do not feed on these bivalves
(unpubl. obs.), they cannot acquire their own shelters
through predation. Refuges are supplied through
natural mortality of source species. Furthermore, shells
of recently dead bivalves may form better quality
refuges than old disassembled shells. The life-span of
shells held together by the ligament varies depending
on factors that affect the rate of decomposition of the
ligament (Orensanz et al. 1990). Good quality refuges
can be expected to have a short life span as a result of
high summer temperatures and water energy. The
state of these shelters may in turn play an important
role in shaping the population dynamics of this small
brooding octopus.
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