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In an attempt to quantify more exactly the loss of \,7estern rock
l-obsgers due to octopus predation, a prograrnme of research funded
by the Fishing fndustry Research Trust Account, was conunenced in
December 1973. Considerat ion was also to be given to possible
ways of reducing the losses caused by predation of pot-caught
rock l-obsters by octopus. This repore d.escribes the outcome of
the research.

II THE I^IESTERN ROCK LOBSTER FISHERY

The fishery for the western rock l_obster is the most important.
single species fishery in Austral-ia with a value of appioxirnatelv
$32 000 000 in L! i 'e 1975/76 season. I t  is governed by- i  complex
set of  regulat ions which have been reviewed by Bowen (1971_).  The
fishery is located along the wesLern coast of the southern half of
Western Australia [Figure 1) and takes place from November 15 to
August 14, except at  the Abrolhos Is.  where f ishinq is onlv per-
mitted from March 15 to August. 14.

Rock lobsters are caught in baited pots Ltraps) set amongst reef
areas which are the habitat  of  rock lobsters.  The pots are usual ly
constructed either of wood.en battens fixed to a rectanqul-ar wood.en
frame or- lengths of  cane or wire mesh on a steel ,  beehive-shaped
frame (Figure 2). O1d cane pot.s are sometimes covered. with wire
mesh eo reinforce lhem and prolong their  useful  l i fe.  The usage
of the three pot types var ies in di f ferent areas of  the f ishery.
In the L973/74 season Morgan and Barker (1975) recorded that the
percent.ages of the various pot types used by fishermen completing
voluntary 1og sheets were:

Cane Beehive Batten

North of l-atitude 30oS

south of latitude 3 0oS

1 0  . 4 8

o  / . b E

8 3 . 0 8

z t  - 5 2

Wire Beehive

b . b 6

5 . 0 ?

Pots have a single entrance (neck), usual_ly on the upper surface
of the pot, and are required by law to have an escape gap with
minimum dimensions 54mm x 305mm, to a1low the escape oi  !mal1
rock lobsters.  The minirnum J-ega1 size of  rock lobi ters is 76mm,
measured from the base of the rostral  horns to the poster ior
edge of the carapace. Undersized rock lobsters capiured in pocs
must be returned. to the sea.

Pots are bai ted with a var iety of  bai ts,  the most popular bai t
being a cornbinat ion of  ei ther catt le hocks or pieces of  catt le
hid.e and f ish,  which may be ei ther whole f ish,  f ish heads or f ish
pieces (Morgan and Barker,  1975).  pots are usual ly checked and
reset every morning, unless bad weather or ot.her factors intervene.
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F igu re  2 .  P r inc ipa l  po t  t ypes  used  i n  the  rock  fobs te r  f i she ry .
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Figure 3.  Typical  remains of  predated rock lobsters.

a) Two octopus predated rock lobsters.

fwo cutt, l -ef ish predated rock lobsters.
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TAB LE 4 - Estimated number of rock lobsters predated by
ocr.opus, cutt l -ef ish and f ish in the Ig74/75 ino
L 9 7 5 / 7 6  s e a s o n s .

Se a son Octopus
Pred ated

Cutt lef i  sh
Predated

} ' I  S N

Predated

r 9 7 4 / 7 5

1 A 1 q / 1 A

3 3 4  0 0 0

3 2 1  0 0 0

3 9 0 0 0

0 0 0

4  0 0 0

1 4  0 0 0

(iii) SIZE AND SEX OF' PREDATED ROCK LOBSTERS

Not al l  predated rock lobsters in the sanples from the L974/75
and. L975/76 seasons were of  legal  commercial-  s ize (7, .76nn carapace
length LTable 5L. In the two seasons respect ively only 55.4% and
60.0U of the measurable octopus-predated rock lobsters in the
samples were of  legal  s ize.

TABLE 5 -  Size fcarapace length) of  predated rock lobsters in
commercial  catch sampl-es.

) 7 6mm < 7 6mm Unmeasurable.

7A/ ' t s  75 /75 7 4 / 7 5  7 5 / 7 6 7 4 /75  7s /7  6

Predated

Cu t t l e  f i sh
P redated

t  t s n
Predated

2 0 0  2 4 A

2 7

1 5 1  1 5 6

I 2

t_l_

z )

1

Many fishermen claim that octopuse.s always attack the largese rock
lobster in a pot.  To examine this,  records were made dur. inq the
1975 /76  season ,  when  t i ne  pe rm i t t ed ,  o f  t he  s i zes  o f  rock  l obs te rs
in a pot where octopus predation had occurred. Many pots contained
only one dead rock lobster,  e i ther because the pot only contained
one rock lobster when the octopus ent€ired or because other rock
lobsters present in the pot had escaped from the pot following the
entry of the octopus. In some pots two dead rock l-obsters were
found but no live animal-s, while other pots showed both live and
dead rock lobsters.  Pots in which both l ive and dead rock lobsters
occurred provided an opportunity to examine whether any seJ-ection
for s ize occurred. (Fiqure 4).  The data show no obvious select ion
for rock lobsters of  any part icular s ize or rel-at ive size. There
was no signi f icant d. i f ference between the mean carapace lenqth of
the predaaed rock lobsters and that of  al l  the rock lobster i  in the
pots whe re predation occurred.

2 2
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Both male and female rock l-obsters were predated by the various
predators [ fable 6).  fn the L975/76 sample there were no signi f -
icant di f ferences between the nunbers of  each sex predated, assum-
ing equal numbers of males and females availabl_e in the pot, whiJ-e
in the 1974/75 sample, there were signi f icant ly more (p < 0.05)
females than males predated by octopus. However the ratio of
males to females in pots is not constant but var ies with depth
and t ime of season (Morgan and Barker,  1974, 1975),  so that i t
is possible that the greater number of females predated in the
1974/75 sample simply ref lects a higher proport ion of  females in
pots where octopus predat ion occurred..

TABLE 6 Sexes of predated rock lobsters in commercial  catch
samp les .

MaIe Female Unsexable

7  4 / 7 s  7 5 / 7 6 7  4 / 7 5  7 5 / 7 6 7 4 / 7 5  7 5 / 7 6

Pred.ated

Cutt le f i  sh
P reda ted

! a s n
P redated

1 4 8  1 6 5

_13

187 t96

z 5

1 t

J f , 6 0

1 t v ) LOSS OF COMMERCfALLY-SIZED ROCK IJOBSTERS

As not all the rock lobsters predated by the various predators
were 1ega1-sized, saleable indiv iduals,  the immediate l_osses were
less than the total  losses, as the undersized indiv i_dual-s would
have been thrown overboard anyway. The loss of  legal-s ized rock
lobsters '  (  Table 7) was est imated. by mult ip ly ing the total  est i -
mated l-oss from the various predator-s by the percentage of pre-
dated legal-s ized ind. iv iduals in the samples. por LgjZ/ lZ And
1973/74 seasons a mean percentage from the l9 j4/75 and, I9j5/76
samples for al l  predators was used..

TABLE 7 Est imated number of  tegal-s ized rock 1obsters predated.

Season r97 2/7 3 r97 3/7 4 I 97  4 /75 r 97s /76

All  predated

P reda ted

Cut tle fi s h
P redated

-r, l-sn
P redate d

2 0 5  0 0 0 1 1 8  0 0 0 2 1 5  0 0 0

1 8 s  0 0 0

0 0 0

0 0 0

2 7

2 0 3  0 0 0

1 9 5  0 0 0

0 0 0

0 0 0

2 4
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r 972 /73 t 9 7 3 / 7  4 I97 4/75 t975/7  6

A1t
Pred.a tors

Octopus
Predate d

cutt ,_Letash
Predate d

!  asn
Predated

L 1 2  0 0 0 6 4  0 0 0 I22  000

1 0 4  0 0 0

I 7 0 0 0

0 0 0

l_10 000

1 0 5  0 0 0

0 0 0

0 0 0

TABLE 9 Estimated weight ]-oss (Kg) through predation.

TABIE 10 Estimated financial- loss through predation.

(vi ) ESTfMATE OF THE NIJMBER OF OCTOPUS CAUGHT

Using the same methods as rrere used to estimate total predation,
the total number of octopus caught was estimated from the sample
da ta  (TabLe  11 ) .

TABLE lI - Estimated number and weight of octopus caught.

Season N o .  o f
Octopus

we r_gnt o t
Octopus (Kg) *

I972 /7  3

L973/74

797 4/7 5

L975/76

2 6 3  0 0 0

1 6 7  0 0 0

191_ 000

1 4 7  0 0 0

2 4 7  0 0 0

1 6 0  0 0 0

I 8 0  0 0 0
r -38  000

L 9 7 2 / 7  3 I e1  3 /7  4 L97 4/7s 7 e 7 5 / 7 6

All_

Octopus
Predated

Cutt lef ish
Predated

.E l- sn
Predated

$ 2 6 9  0 0 0 $ 1 7 3  0 0 0 $ 3 3 0  0 0 0

$ 2 8 1  0 0 0

$ 4 6  0 0 0

$ 3  0 0 0

$ 4 0 5  0 0 0

$ 3 9 2  0 0 0

$ 7 0 0 0

0 0 0$ 7

behe aded 2 6
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ASPECTS OF OCTOPUS PREDAT](.JN

An integral  part  of  the research programme was the considerat ion
of possible ways of reducing ei ther the degree of octopus predat-
ion or the cost of  octopus predat ion to the f ishery.  With this
object ive in mind a number of  aspects of  octopus pred.at ion were
examined in both the f ie ld and the laboratory.

A ,  THE ATTRACTION OF OCTOPUSES TO ROCK LOBSTER TRAPS

The cephafopod eye is a highly developed. sensory organ and appears
to  be  the  ma jo r  senso ry  o rgan  used  by  squ id ,  cu t t l e f i sh ,  and
octopus in locat ing and successful ly at tacking prey at  c lose range
(We l l s ,  L966) .  The  ana tomy  o f  t he  eye  and  cond i t . i ons  o f  v i s i b i l i t y
underwater suggest that the eye is not used for distance vis ion
(We l - I s ,  1966)  and  i s  un l i ke l y  t o  be  used  to  l oca te  p rey  a t  a  d i s t -
ance. The eye is also useless i f  +-he prey is obscured by the
te r ra in .  Kayes  (1974)  showed  tha t  0 .  t u l  ga rLs  i s  bas i ca l l y  a
nocturnal  species, making long hunt ing tr ips at  night,  whi le
dur ing the day indiv iduals general ly remain in,  or wi thin c lose
p rox im i t y  t o ,  t he i r  1a i r .  Ya rna l l  ( 1969)  found  0 .  eAanea  Eo  be
crepuscular,  feeding i -n the morning and evening whi le remaining
' i n  i t s  h o l e  d r r r i n . r  f  h e  m i d d l e  o f  t h e  d a w  a n d  n i c h f  -  T , i  l - f  l a  i s
known of ehe dai ly hunt ing pattern of  0.  tetr icus bat octopuses
have been found in rock lobsCer pots set amongst reef dur ing the
day  and  checked  sho r t l y  a f te rwards  (D .  Wr igh t ,  pe rs .  comm. ) .  I n
A .  uu lga r i s ,  a t  l eas t ,  t he  l i gh t  l eve l s  p reva i l i ng  du r ing  the
hunt ing per iod are l ikely to l imit  the usefulness of  the eye as
a prey-d.etector.

Ya rna l l  ( 1969)  found  EhaE 0c topus  eAanea  in  a  na tu ra l  s i t . ua t i on
ei ther waited in their  l -a ir  for prey to pass by or undertook
short  hunt ing tr ips from their  la i rs and made apparent ly specul-
at ive at tacks on l ikely places where crabs may be found. Li t t le
attent ion has been given to distance chemorecept ion as a sense
used  in  l oca t i ng  l i ve  o r  dead  p rey ,  a l t hough  We l l s  (1963)  no ted
that sardine blood in the water exci ted" 0.  auLgari ,s in aquaria to
move around their  tanks. Wel ls (pers.  comm.) considered that
0.  ouLgaris are scavengers as wel l  as pred.ators.

Octopuses, l ike other coleoid cephalopods, have a smal l  group of
n a l t e  l n a : + - d  b e t w e e n  t h e  h i n d  b o r r l e r  o f  f h e  c v c  a n d  g f i gu J  s  s r r v

edge  o f  t he  man t le  (Watk inson ,  1909) ,  t he  so -ca l l - ed  "o l f ac to ry
organ".  Laboratory test ing of  the "ol- factory organ" in var i .ous
cephalopods has, however,  produced inconclusive resul ts.  Pol imant i
( l -91-3) showed that Sepia,  c lamped by means of the cutt lebone,

made violent escape movements when a var iety of  substances [acet ic
acid,  c love oi1,  bergamoC oi l  and. others) were released into the
water near the "ol factory organ" but he did not repeat these
experiments with the organ denervated or removed. Giersberg (J-926) ,
We l l s  (1953) ,  and  Messenger  11957)  showed  tha t  ex t i r pa t i on  o f  t he"ol factory organ" produced no vis ible changes in the response of
octopuses to f ish ju ices. Woodhams and Messenger (1974) examined.
the ul t rastructure of  the "ol factory organ" and conclud.ed that
the anatomicaf evidence indicated that the organ had a chemosensory
funct ion. However the neural  connect ions of  the organ led them to
surmise that i t  may possibly be involved in the detect ion of  sexual
pheromones. 2B
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METHOD S

(i)  Aquarium Experiments

Octopuses (200 -  I  000q) were col lected from terracotta octopus
traps set in depths of  5 to 8m in the vic ini ty of  the W.A. Marine
Laborator ies.  They were transported to the laboratory in wet cal ico
baqs and isolated' each in a covered asbestos cement aquarj-u.m
measuring 63 x 50cm x 48cm high, wi th a f low of c lean seawater (2
l i t res/min) at  anbient temperi ture (L7-22oc).  Each octopus was
provided with a terracotta pot as a refuge.

Octopuses were fed a diet  of  mussels (Myt iLus eduLi.s)  and abalone
(Hal i .ot is z,oei) ,  each animal-  being fed enough food to approximately
maintain i ts \" /e ight at  capture. (An average food intake of I  to
22 of the octopus body weight per day is suff ic ient to maintain
body  we igh t  ( Jo I l ,  1977 ) .  oc topuses  were  fed  th ree  t imes  pe r  week
and kept for a period of approximatel-y two weeks to allow them to
adjust to the aquarium si tuaCion before use in t r ia l -s.

(a )  Ba i t  Loca t i on  T r ia l s

The bai t  locacion tr ia ls were conducted in a rectangular asbestos
cemen t  t ank  (F igu re  6 )  150  x  50cm x  38cm h igh  w i th  a  wa te r  dep th  o f
29cm (total  volume 25I l i t res).  The tank was div ided for approx-
imately 752 of i ts length into three equal width (20cm) channels
and at the head of each channel a sub-surface jet  provided a f low
of c lean seawater at  2 l i t res/min. Three overf low pipes were pro-
vided at the undivided end of the tank and these were mounted into
a plast ic roofed refuge area so that water was drawn from under,  as
wel l  as above, the refuge. The undivided area of the tank could be
separated from the div ided area by sl id ing down a perforated part i t ion.

Each channel contained a pair  of  of fset sheets of  PVC, to act as sight
baff les.  These were set approximately 40cm from the in let  jet ,  whi le
at the far end of the channel,  20cm back from the end of the div ider,
another.  PVc baff le (C in Fj-gure 6) wi th a 10cm diameter hole in the
middl-e served to control  the f low patterns in the tank, Prel iminary
dye tests with flouroscein showed that there was no leakage from one
channel to the next and no backf low or eddies carrying water f rom
one channel into any of  the others.  Apart  f rom a smal- l  opening at
the undivided end to al1ow a l-ow level of illumination, the aquarium
was screened wj- th black plast ic sheet ing to prevent octopuses from
seeing the observer.  Observat ions were made through smalf  peepholes
in the sight -scree ni  ng.

Octopuses were fasted for 3 days pr ior to a tr ia l  to ensure that they
were hungry.  They were introduced into the test  aquarium approxj-mat-
ely four hours before a tr ia l  and were al lowed access to al l  parts
of the tank dur ing thj-s per iod to fami l iar ise themselves with i ts
arrangement.  At the end of the fami l iar isat ion per j-od octopuses
were usual ly located in the refuge in the undivided area of the tank,
but i f  not they were moved into this area. The perforated part i t icrn
was then lowered to separate the octopus from the divided section of
the tank. Bai t  mater ial ,  e i ther f reshly opened mussel- ,  the visceral
mass and shel- l  of  an abalone (H. v 'oei)  af ter removal of  the foot or
crushed crab (Leptogrzdpsus uar i ,egatus),  was placed in one of the
channels immediately below the in let  jet  and behind the sight baff le.

I
I
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A period of  approximately 20 minutes was al lowed to elapse to al low
the ' i r r ices from the bai- t  mater ial  to f low down the channel and
establ- ish a reasonable concentrat ion gradient,  as dye tr ia l -s had
indicated that 20 nr inutes was suff ic ient t ime to establ ish a sat is-
factory concentrat ion gradient.

After the 20 minute per iod the perforated part i t ion was raised and
the octopus al lowed free access to the div ided port ion of  the tank.
The octopus was al-lowed a further 20 minutes in which to locate the
bait .  An octopus was scored as having successful ly located the bai t
if it moved into the channel- where the bait was located and took
the bait within the 20 minute period. Movement into another channel
(past baff le c) pr ior to movement into the correct channel and taking
the baie was scored as a fai lure as this may have only represented.
rand.om searching. Movement into the incorrect channel, movement into
the correct channel but failure to take the bait, or no movement at
a l - I  we re  a l so  sco red  as  fa i l u res  ( i . e .  an ima ls  e i t he r  f a i l i ng  to
locate the bai t  successful ly or apparent ly fai l ing to detect the
"odour" at  al l ) .  Each octopus was given three tr ia ls in the
experimental  aquarj-um, the bai t  being placed nonsequent ial ly once
in each of the three channels.

( h l  S A n s i f i \ r i 1 - v  T r i a f s

A stock solut ion of  I0g (wet  wej -ght)  o f  abalone (8.  yoei )  foo| -
muscle homogenized j -n  10ml of  f i l tered seawater ,  made up f reshly
each day,  was used to examine the sensi t iv i ty  of  octopuses to
dissolved chemical  "odours" .  Di lu ted test  so lut ions were made up
from I  ml  of  the stock solut j -on by progress ive 10x d i lu t ions.

Hungry octopuses were t ransferred to the test  aquar ium (Figure 7)
in  the i r  re fuges and le f t  for  a  min imum of  I  hr  to  acc l imat ize.
The refuge was p laced approx imate ly  30 cm away f rom, and fac ing,
+ h a  i  n ]  6 +  ; ^ +  r . , h i  ^ h  w a s  f e d  f r o m  a  c o n s t e h +  h a a A  c r r n n l r r  ' t  

m l  o f
the test  solut ion was rapidly in jected into the out let  f rom the
constant head apparatus and the responses of octopuses observed
through a one-way window. Posi t ive responses to the test  so]ut ion
(novenent out of  the refuge towards the jet)  were rewarded with
smal1 pieces of  abalone f l -esh. Seawater blanks were in jected pr ior
to each test  solut ion. For comparison, tests were also made of the
sensi t iv i ty of  a rock lobster.

The di lut ion of  the test  sampl-e af ter in ject ion into the test
aquarium was measured by in ject ing I  ml of  f louroscein dye solut ion
and sampl ing from the dye cfoud at the entrance to the octopus
re fuge .  Op t i ca l -  dens i t i es  o f  t he  samp les  were  measured  a t  493
nanometres. The dye took approximately 3 sec. to reach the refuge,
the maximum concentrat ion being 4 x 10-2 of  the appl ied concentrat ion.

( i i )  F i e l d  F l x n c r i m e n t s
:_::i:___:jir:L

Pot Locat ion Tr ials

To exam.ine the importance of bait in attract.ing octopuses to pot-
caught rock lobsters a f ie ld t r ia l -  was conducted in an area west
of Garden Is.  T\ , /enty-four wire research pots (without escape gaps)
were div ided into four categories and set and pul led dai ly over a
f n r r r - da r r  ne r i  nd  tT rhA  f  r t r t r  r - a fe r ro r i  eq  wF fe  3
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responses, six moved into an incorrect channel before moving into
the corr:ect channel and taking the bait while three moved into the
correct lane initially but did not take the bait, either remaining
stationary for the remaj-nder of the 20 minute period or moving off
to another channe l-.

If the movement response was not rel-ated to any positive chemo-
reception by octopuses then initial penetration of any one of the
three channels would be expected to be equally distributed. The
resul- ts show that s igni f icant. ly more (P < 0.001) of  the in i t ia l -
movenent responses were into the channel containing the bait
indicating an ability to detect. the presence of the bait by dist-
ance chemoreception, whil-e the high percentage of octopuses which
took the bait indicated an abilitv to locate its source with

TABIE l-2 - Location of hidd.en baits bv octopus.

OCTOPUS

CHANNEL COMAINING BAIT

1 .'

Res ul-t Bait r tme Result Bai t r ame Re s ult Bait I rme

7 8

7 9

8 l

8 2

8 3

8 7

8 8

8 9

9 0
q ?

9 4

9 5

f

+

0

+
.r

+

x

-r

+

+

A

M

A

A

A

A

A

c

A

< I

o

< 1

f,

< 1

< 1

*

+

+

+

+

+

+

+

+
+

A

M

A

A

A

A

A

A

3

8

5

<l_

< I

8

+
+

0

+

+

X

M

A

A

A

A

c

I

*

< 1

< 1

L a r t . -  +  = successful ly l -ocated bai t ,  entered correct channel on1y.

fai led to locate bai t  or entered incorrect channel f i rst .

fa i led to locate bai t ;  d id not move into any of  the

channe l-s .

Abalone

Musse I

Crab

are in minutes; *Times

perforated barrier before

= cl imbed or squeezed

it .  was raised.

Lane f i rst  but did not

3 4

under the

take bai t .= moved into correct
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TABLE 14 Nrunber of pots entered by octopuses in pot location
tr ia Is .

Pot category Empty Bait  only Rock lobsters
on Iy

Bait and
lob ste rs

No entries

Entries include both pots capturing octopuses as well_ as pots where
octopuses have escaped pr ior to l_ i f t ing the pot.  In pots cont.ain-
ing rock lobsters evidence of escaped octopus is usual ly provided
i.n the form of a typical octopus-predated rock lobster, but unl_ess
there was severe damage to the bait it is possible that the enrry
and escape of an octopus from the ,'bait only" pots would go undel-
ected. Ilowever the resul-ts serve to il_lustrate that bait is not
the oni-y factor involved in the location of pot-caught rock l-obsters
by octopus.

D ISCUSS I ON
rn responding to rrodours" in the water octopuses often extended the
arms greatly and. were seen to move their suckers, somewhat in the
manner of an octopus which has just received. a piece of fooil at the
end of one arm and passes it from sucker to sucker towards the mouth.
rn determining in which channel- to move first in the food location
tr ia ls '  octopuses often approached the lower baff le at  the enErance
to t.he channel and extended one or several arms through the hole,
apparently to sense the "flavour" of the water passinq out that
channel.  This behaviour was simi lar to the arm wri thing reported
by Messenger (1967) when a sardine was placed in c lose proximity to the
arms of 0.  uulgar ls or sardine ju ice pipetted onto the arms.

The results of the bait location trials showed that octopuses can
successfur ly f ind bai ts without v isual  assistance whi le Lhe behav-
iour observed in both the food rocation and the sensitivitv trials
suggests that the chemoreceptors involved are probably locited on
the suckers. rt may be argued that the concentration of attractant
chemicals in the water in the food location trials was unrealistic-
al-l-y high and that the suckers would not normallv be involved in
detect i -ng concentrat ions of  chemicals at  t .he revers l ikery to come
from rock lobster bai ts in the sea. However Wel ls L1963)l  in exam-
ining the erbility of 0 ' uulga,i.s Lo disti.nguish becween hydrochloric
acid, quinine sulphate or sucrose and sea water by contac-t of the
chemosensory suckers with absorbent material soaked in solut.ions
of various s trengths ' _ found octopuses to be sensitive to concentsrat-
i o n s  a s  l o w  a s  2  x  I 0  " u  ( Z : 3  x  I 0  

q g l l )  
{ H c l } ,  2  x  l o - a M  ( 6 . 8  x  1 0 - 2

g , / l )  {Suc rose  } ,  and  4  x  10 -e r r , r  (3 .1  x - I0 -6g / I )  i qu in ine  su lpha te } .
At these levels the octopuses were stil1 responding very cbnsistently
and werrs considered that there was no reason to reri-eve that the
threshold for the chemotactile sense of the octopuses had been
approached. werrs €t  aL (L955) showed octopuses could discr iminate
with their sgckers between Kcl solutions and seawater with concen-
t ra t i ons  o f  Kc l  as  l ow  as  10 -sM (7 .5  x  ! \ - aq /L )  wh i l e  some ind i v -
idgals were able to detect concentrat ions ai  low as IO-t0M (7.5 x
L}-e g/ I) .  The behaviour of  0,  tetr icus in the sensi t iv i tv t r iats
suggests that the distance chemoreceptors of octopuses ar6 also
located on the suckers.
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TABI.,E 15 Effect of  using octopus as a component of  rock lobster
ba i t .

Bait

Trial  l -+ T r ia l  2++ Trial  3+++

o
tJ

.p r'l-.1

ll1 t-.1

lr
a)
.lJ

J 4 ( '
o . Q
o op < } f

o

{J

(t
tJ

.u '.1-l

A | l

l.l
c)

s o
o . a
d A

o
o
.tJ

a
.lJ

{ J r H

A ' l

c)
{J

' l 4 O
o . a

o

.tJ

Hock &
-B 1Sn

Octopus
Only

Hock ,
. t . l sn  &
Octopus

a t J

b f ,

o t t

1 8 r
[ 2 . 1 8 )

8 3
( 1 . 2 8 )

2 4 9
1 3 . 6 6 )

1 9
. 2 3 )

8
. 12)

I 4
.2 r )

( o

( o

( 0

7 5

7 5

3 3 1
( . 4 . 4 1 )

1 9 1
t 2 .  s s )

( - )

I
1 0 .  0 1 )

3
( 0 . 0 4 )

( -  )

1 9

I f ,

5 7
c 3 . 0 0 )

10
( 0 . 6 7 )

0
( 0 . 0 )

2
( 0 . 1 3 )

( - )

+ 1 bai t  basket f rozen octopus
++ 2 bai t  baskets f rozen octopus

+++ 3 bai t  baskets f resh octopus
Figures in brackets are the catch/pot l i f t

Fresh octopus was used in the third t r ia l  to examine the possibi l i ty
that any repel lant act iv i ty of  the dead octopuses used. in the f i rst
and second. trial-s may have been degraded by freezing the octopus.
Although the data is limited the results do not suggest that there
is any benef i t  to be gained by using fresh rather than frozen occop-
uses  as  ba i t .

The resul ts of  the f ie ld t r ia ls using octopus as a component of  the
bait did not indicate any repellant activity to octopuses by dead
octopus. Considerat ion was also given to the potent ial  repel lant
act ion of  other organisms, such as moray eels and starf ish.  Moray
eels have been reported as predators of octopus by a number of
au tho rs  (e .9 .  Lane  1957 ,  Voss  1971 ,  Be r ry  1971 ,  R i t ch ie  19721  wh i l e
contact wi th starf ish tube feet or exposure to aqueous extracts of
starf ish tube feet has been shown to el ic i t .  escape responses in a
number of  gastropod and bivalve mol l -uscs (Feder 1963, Feder and
Lasker 1964, Feder and Christensen 1966).  However octopuses pre-
sented with food (abalone foot muscle) in associat ion with aqueous
ex t rac ts  o f  s ta r f i sh  (Cosc inas te r i as  ca lamar ia  (e tav )  )  o r  sc rap ings
of epidermal s l ime from moray eeJ-s (Gynnothonax sp. i  d id not s i row-
any escape responses or inhibi t ion of  feeding. Exposure of  octop-
uses to ink ejected by other octopuses did not el ic i t  any behavioural
responses indicat ive of  "a1arm substances, '  of  potent ia l  value as
repe l l an ts .

The possi-bi l i ty of  repuJ-sion of  octopus from rock lobster pots by
a substance which would act select ively for octopus and not s imult-
aneously depress rock lobster catches seems remote. However the
visual  acui ty of  octopuses suggested that a v isual  repel lant may
be a possibility. An e.xperinrent to examine the potenlial for
vistral repell-ants was cond.ucCed in the laboratory using a model
of  a moray eel ,  made from a piece of car inner tube, s ispended
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TAB I,E 16 Areas of entry into rock lobster pots by octopuses.

TABLE 17 Areas of exj- t  of  octopuses from rock lobster pots.

Pot Type

Area of Exit

Neck u::;n" side

ware

0

0

0

1

I A

DTSCUS S ION

The results shou/ clearly that in cane and batte.n pots, the most
conmon types of pots, the major area of entry is through_ the fabric
of the sides of the pot, the escape gap and the neck being used less
commonly. The dimensions of the spaces between the sticks of cane
and the wooden slats varied between 20 and 40mm L3,24,, - 1L") and
between 20 and 35 cm (8" -  14')  long and did not ser iously f ramper
the passage of octopuses through tlre spaces -. octopuses simply
fl-attened their bodies and. passed through. The 55mm f2,.) hexagonal
wire mesh cover ing the wire pot did, '  however,  ser iously obstruct
the passage of octopuses into pots. OId cane pots covered with
wire mesh probably present a s imi lar di f f icul ty to octopuses.

Despite the small d.rmensions of the wire mesh some octopuses still
managed to squeeze through, but most octopuses entered wire pots via
the neck. Entry of  octopuses through the neck of  wire pots appeared
to be largely fortui tous rather than by , , recognit ion, '  on the part
of the octopus that this provided an alternative site of entry.
With al l  types of  pot octopuses usual l_y made their  f i rst  contact on
the side of the pot and began reaching through the sides anal attack-
ing rock lobsters.  With cane and batten pots octopuses often
eventual ly just  "s l ipped through" the sides into t?re pot,  but the
dimensions of the mesh prevented this happening in wire pots. With
wire pots octopuses still attacked from outside initially. but when
they were unable to grasp the rock lobsters properly tlrey usually

Pot Type

Area of Entry

Mean time to Enter (Mins)
Neck ":: ;n" side

Cane

Batten

Wi re

2 L)_

J I

1 8  3

7 7

2 0

o

1 . 4 8

1 . 8 5

3  . 1 6
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On contacting a rock lobster pot octopuses usually attempted to
attack the trapped rock lobsters ehrough spaces in the fabri.q .g
the pot before eventuall-y entering the pot. This external attack
phase var ied in durat ion from about 10 secs. to l0 mins. With cane
and batten pots the external attack phase was usually fairly short
and ended with the octopus entering the pot. Because of the greacer
difficulty in entering wire pot.s, tle external attack phase was
usually somewhat longer. During the period of external attack the
rock lobsters showed some "agitation" and usually moved to a point
in the pot as far away from the octopus as they could get. Some-
times an octopus managed to capt.ure a rock l-obster from outside the
pot but, in all cases, was wrable to secure an adequate grasp on
the rock lobster, which eventualJ-y escaped from its hotd.

When an octopus finally entered a pot, the rock lobsters showed
considerable "agitation" and moved. quickly away When contacted by
an octopus arm. Octopuses showed. no select ion of  rock l_obsters
by size (Figure 10) or sex (Table 17) and usual ly at tacked the
nearest rock lobster.  Rock lobseers sometimes towered their
antennae toward the octopus in an apparentty defensive gesture.
Octopuses often grasped and pulled the antennae, at which point
they i,rere usually autotomized by the rock lobster, Rock lobsrers
attacked by octopuses also commonly autotomized legs to escape
the grasp of the oceopus.

TABI,E I8 Sexes of rock l -obsters predated in pot entry t r ia ls.

& I

Total  No. presented
in pots 8 9 8 1

No. predated z a 3 3

In some cases rock lobsters which were the subject of  an at tack by
an octopus showed a swimming escape reaction. This swimminq
react ion, in which rock Lobsters swim backwards properled ly t t reir
ta i ls,  is a normal react j_on by rock lobsters to octopuses in t t re
w i l d  (Be r ry  1971  and  pe rs .  obs . ) .  Observa t i ons  i n  t i r e  aquar ium
indicated that rock lobsters can swim considerablv fastei  than
octopuses. Unhindered rock lobsters placed in the Iarge (5m diam. )
outdoor aquarium with hungry octopuses began the swimmlng escape
reaction when approached by the octopus. Octopuses usuaily b.g.r,
swimrnin g in pursuit. but were easily outdistanced bv the ro-ck
lobster.  In the f ie ld such a react ion is probably an ef fect ive
escape measure but,  wi thin the conf ines of  a pot,  rock lobsters
are unable to escape farther than the length or d.iameter of the
pot.  In t .he circular cane and steel  pots,  rock lobsters sometimes
swam in circles around the periheter of tlae pots. fn one insrance,
a rock lobster began a swinming escape reaction upwards while
standing beneath the neck of the pot and actually- swam out of the
pot.
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After an octopus had entered a pot, rock lobsters sometimes attempted
to escape through the escape gap. Because (except in one instance)
only legal-s ized rock lobsters were used. in the tr ia ls,  the escape
gap was usually too sma11 to allow them to pass, although one rock
lobster (77mm carapace length) managed to pass through the escape
gap. Octopuses sometimes attempted to pull captured rock lobsters
out of the pot through the escape gap but they were usually too
large to pass through. In one case an octopus pulled a 77mm cara-
pace-length rock l-obster through the escape gap, but on other occas-
ions octopuses were forced. to abandon this course of action and
return inside che pot to feed.

once an octopus succeeded in secur ing a rock lobster,  i t  was held
firmly by aII the arms, ef fectivel-y restraining movement. The web
of the octopus was usually spread to its max i:num size to form an
"umbre1la" over the rock lobster.  Rock lobsters \ r /ere usual ly held
from the dorsal surface but were sometimes held sicle-on or on the
ventral  surface. Death of  the rock lobster occurred 20-30 min.
af ter capture. In a separate ser ies of  experiments,  rock lobsters
fed to octopuses and then pul led away again af ter 5-15min.,  showed
no signs of  mechanical  in jury or puncture marks. The rock Iobsters
were sometimes completely rigid with "fear" or from the toxic
action of the sal-iva, but recovered within I0 min. . As \,!rith the
prey of  other speci .es of  Octopzrs and Eledone (Sidder 1966),  the
rock lobsters showed no puncture marks or other forms of mechanical
injury. The lack of puncture marks suggests that the toxic saliva
was secreted into the chamber formed by the web of the octopus and
absorbed by the rock lobster through the gills and other permeable
su r faces .

The nature of  the venom in the sal iva of  0.  tetv, icus was not examined,
bu t  i t  i s  p robab ly  s im i l a r  t o  t ha t  o f  0 .  uu lga i r s  CGh i re t t i  1960 ) ,
since the time taken for the death of the prey is similar in
0, uuLgari ,s and O. tetr icus. The venom was certainly not as viru-
lent a!  that of  the smal l -  b lue-r inged octopus uapaLochlaena macuLosa,
where the death of crabs occurred. within 2 Lo 3 mins of attack
(Tranter and August ine, 1973).  Hrnnans bi t ten by 0.  tetr i ,cus do
not show any of the usual]-y fatal symptoms associated with bites
from E. macuLosa (Suther land and L.,ane 1969, McMichael 19711, al though
s ome local  discomfort  and swel l ing may occur.

As with other octopods (Bidcler 1966, Mori .  s} : . i r -a et  aL 1974, Morishi ta
1974 a, b,  c) ,  the sal ivary secret ions of  O. tetv ' icas have a digest-
ive action on the tissues of the prey. this digestive action breaks
alorrn the attachment of tissues to the exo-skel-et.on, allowing the
prey to be easily dismembered and allowing the octopus to consume
tissues from otherwise inaccessible areas of  the body. 0.  tety. ' tcus
usually severs the cephalothorax (head) from the abdomen (tail) and
feeds first on the organs and muscle tissue in the head. Octopuses
usually only commence on the muscular tail region after consrnning
the conten€s of the head.

The attachment of  the muscle t issue in the tai l  is  of ten completely
severed by the dj-gest ive act ion of  the octopus'  sal iva,  so that,
on hauling the pot to the surface, the muscle tissue may fall out
of  the severed tai l  sect ion, giv ing the impression that the t issues
of the tail have also been eaten. However, data on octopus gut con-
tents indicate that an octopus would not be capable of eating the
amount of tissue in a leqal-sized rock l-obster. The maximurn weicrht
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to standard cornmercial rock lobster pots, extendeal field trials
were conducted with comnercial operators.

The f ie ld t r ia l -s were based on pots set and. pu1led on a daiJ_y basj_s.
Fishennen operating in deeper water or in the latter part. of the
season often have pot settings of 2-4 days, while incl-ement weather
may sometimes cause other fishermen to leave eheir pot.s se€ for
several days. fn order to have a basis for predicting what may
occur in pots set for periods longer than one day, aquarium trials
rre re und.ertaken to examine the resul-t of protracted occupation of
traps by octopuse s .

METHODS

(i  )  Fiel-d Tr ials

Two approximately 3-week trials were conducted from commercial
boats,  one operat ing out of  Fremant l-e using cane beehive pots,
the other operat ing out of  Dongara using batten pots.  Terracotta
octopus traps were secured with t.l-e-wire s into hal-f the pots, the
entrances of the traps being placed so that they faced upwards
when the pot v/as hauled. Pot.s with octopus traps and ordinary
pots were mixed together so that any line of pots contained approx-
imate l-y equal numbers of each pot type. The pots were pulJ_ed on
a  da i l y  bas i s .

Records were kept for each pot of t.he number of rock l-obsters and
octopus caught. The nunber of octopus-predated rock lobsters was
noted as well as whether or not octopuses were occupying the traps
aL the t ime of capture. Pots not catching octopus but showing
octopus-predated rock lobsters or other signs of former octopus
occupat ion were noted. The number of  1j-ve, 1ega1-sized rock
Iobsters caught by the two pot types was recorded for the whole
f ishing per iod at  Dongara. At Fremant le the number of  l ive,  Iegal_-
sized rock lobsters caught by the two pot types was only recorded
after the f i rst  nine days of  f ishing, ani l  i t  was necessary to
make a change to the normal hand.ling practice in order to record
the se data.

( i i )  aquarium Trials

Trials were conducted in the large outd.oor aquarium Ccf . V c. Fig; 9)
Hungry, aquarium-accl-imatized octopuses were placed in the large
aquarium with a terracotta pot as a refuge. A rock lobster pot
containing three legal-sized rock lobsters was introiluced into the
aquarium, and the time of entry by the octopus into the pot noted.
The pot was checked regularly and the time of exit and the fate
of the trapped rock lobsters recorded..

RESULTS

Tab1e 18 La and b) shows the resul-ts from the two ports on a daily
basis,  whi le Table 19 shows the combined resul ts.  The resul ts of
the aquarium tr ia ls are shown in Table 20.

For I-day settings, the catch rate of octopus in pots with octopus
traps t0.187 octopus,/pot l i f t )  was signi f icant ly higher lp < 0.001)
than in pots without octopus traps [0.059 octopus/pot J- i f t )  ,  whi le
there was no significant difference at the 5? leve1 in the catch
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rates of  rock lobsters (2.958 rock lobsters/pot l i f t  for  standard
pots as against 2.906 rock lobsters/pot l - i f t  for  pots with octopus
traps .  There was no signi f icant di f ference, at  t ,he 5g tevel ,  in
the catch rates of  J- ive, legal-s ized rock lobster by the t \ , ro pot
types (1.259 rock lobsters/pot l i f t  for  standard pots,  as against
l - .205 rock lobsters, /pot f i f t  for  pots with octopus traps).

DISCUSS ION

Although the di f ference in catch rate of  I j -ve, legal-s ized rock
lobsters between pots with and without octopus traps was not stat-
ist ical l -y s igni f icant,  general  observat ions suggest that the smal l
reduct ion in catch rate record.eat (4.3?) cannot be ignored and might
wel-1 become stat ist ical- ly s igni f icant in a larger sample. eui te
a fev/ pots with octopus traps which caught octopus in the traps,
did not contain any predated rock lobsters,  the octopuses presum-
ably having entered the pot to feed on the bait. In pots where
rock lobsters have been predated, the remains would probably act
as such a strong repel lant to other rock lobsters (Eancock, I974)
that the delerrent effect of octopuses retained i.n pots where
predation has occurred is unlike1y to be of much consequence.
Octopuses remaining in pots where no pred.ation has occurred prob-
ably also act as repel lants to rock lobsters and. prevent such pots
frorn functioning as normal catching unj.ts. Catching and culling
such octopuses d.oes have the advantage that it prevents the octopus
from re-entering a pot at some time in the future and perhaps pre-
dat ing a rock lobster.

For one-day settings, the mean percentage retention of octopuses
which entered pots wi. th octopus traps was 80.1?, compared with
43 .92 for ord. inary pots.  No f  ie l -d d.ata were avai labl_e on the abi l_ i ty
of the octopus traps to retain octopuses over the periods longer
than one-day sett ings, but the resul ts of  the aquarium tr ia l-s
(Table 20) indicated that octopuses would take up residence in
traps in the rock- lobster pots for prolonged per iods, despi te the
avai labi l i ty of  other refuges. Only one octopus did not take up
residence in the trap in t.he thirteen trials conducted. The mean
t j-me spent in the pot in trials in whj-ch octopuses took up resid-
ence in the trap was 7.5 days, with a range from tiro to sixteen
days. These observat ions indicate that octopus traps coutd be
expected to retai.n octopuses in the pots for longer than one day.
A problem associated. with the prl-onged retention of octopuses rn
pots is that two to three days after the i-nitial predation, octopuses
usually regain their appet.ite sufficiently to attack and kill
another rock lobster,  i f  one is avai lable in the pot.  Where an
octopus stayed in a pot for. longer than four daysl two rock lobsters
were always predated and, in five cases where octopuses stayed. for
periods of longer than nine days, a1l three rock lobsters were
predated.

Of the 288 octopuses caught in pots with octopus eraps, 154 were
occupying the octopus traps at the time of capture. This behaviour
indicates that the traps do provide an acceptable refuge which
octopuses wi l l  occupy in a f ie ld s i tuat ion, instead of leaving the
pot.  Terracotta t raps, such as were used j -n the experiment,  would
not be sui table for general  use in commercial  rock lobster pors,  as
they are expensive, heavy, and prone to f racture. A l ight,  cheap
and durabl-e pl-astic trap would probabJ-y function as welt, in terms
of providing a sui table refuge for octopuses. In the aquarium
octopuses have shown that they wiJ-I occupy refuges made of a variety
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Both the "odour" of  the bai t  and the presence of t rapped rock lobsters
appear to be responsible for at t ract ing octopuses to iock- lobster
pots.  The part icular chemicals in bai ts responsible for the at tract-
ion of  octopuses are not known, but i t  would seem l ike1y that.  octopuses
respond. to a spectrum of chemicals simj.lar to that which attracts
rock lobsters.  There woul-d appear to be l i t t1e prospect of  develop-
ing bai ts which are simultaneously at traceive to rock lobsters an
non-attract ive to octopuses. As the presence of t rapped rock lob-
sters is also at tract ive to octopuses, the use of bai ts which are
merely non-attractive to octopus would not prevent the attraction
of octopuses to pots containing rock lobsters.

The observat ions of  Hancock (1975) on the repulsion of  crustacean
species by the dead of the same species raised the possibi l i ty of
act ive repulsion of  octopuses by the incorporat ion of  dead 0etopu6
as a component of  the bai t .  Field t r ia ls with )ctopue bai ts,  how-
ever,  showed. no repel lant act iv j ty to octopuses of 0ctopus bai i - .
Indeed..  there were even indicat. ions that )ctopus bai t  rnay be attract-
ive to octopuses. ?ctopus bai t  a lone was a poor bai t  for rock
lobster.  Limited laboratory test ing of  moray eel-  and starf ish
extracts,  for which there was some basis for consider ing as pot-
ent ia l  repel lants,  did not reveal any repel lant act iv i ty.  A tr ia l
wi th a model moray ee1 suggested that octopuses would not be
repel led by visual-  deterrants,  such as models of  their  predators,
unless the models were extremelv real ist ic in both visual  and
+ ^ . ' f  i  I 6  : a n 6 . . + a

Cctopuses proved capable of penetrating pots made of a varietl' of
mater ials.  Wire-covered pots proved the most c l i f f  icul t  for octopuse-s
to enter,  but the wire cover ing only delayed their  ul t imate entry,
and did not prevent i t .  With the necessi ty for pots to have an
entry port  for rock lobsters,  and the legal  requirement for pots
to have an escape gap, i t  is  di f f icul t  t , t  conceive of  any changes
in pot design which coul-d make pots octopus-proof.  Even i f  the
fabr ic of  the pot was impenetrabl-e,  octopuses would st i1 l  event-
ual ly gain entry to the pot through ei ther the neck or the escape
gap .

Laboratory observat ions did not indicate that the escape gap was
of s igni f icance in al lowing the escape of octopuses whi le pots
were st i l1 on the bottom, al- though observat ion of  commercial  pots
showed that octopuses sometime s escape through the escape gap
when pots were hauled. In many of these cornmercial pots, the
escape gaps were situated opposite the hauJ-ing rope, and on the
lower edge of the pot, so that. oceopuses were pushed up against
the escape gap and almost forced out of the pot by the thrust of
water when the pots were hauled to the surface. Many fishermen
were under the misapprehension that it was a legal requirement
for the escape gap to be so posi t ioned. placing escape gaps in
the upper surfaces of pots, or nearer the attachment of the haulinq
rope, would.  probably reduce these last  minute escapes.

The use of octopus traps in rock lobser pots s igni f icant ly reduced.
the escape of octopuses from pots,  by providing a refuge which
octopuses occupj-ed instead of l -eavi .ng the pot.  Use of oct ,opus
traps d.oes not prevent.  predat ion occurr ing, but has the benef i t
that octopuses caught may be sotd,  thus part ia l l -y compensat ing
for the loss by predat ion. Cul l ing of  an octopus prevents further
predat ion by that indiv idual .  Eowever,  the overal l  ef fect  of  the
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