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ABSTRACT

During the summer of 1980 and from May 1981 to May 1982 a

tag-recapture growth study on Octopus dofleini martini (Wulker)

was conducted on an inshore, shallow water(2-15 m), octopus-
populat}on in’Clayoquot Sound, Vancouver Island. The objective
was to describe the growth of an average 0. dqfleini individual
in the field and to look for growth differences related to sex,
séasoﬁ‘pf location. Monthly collections of octopuses ﬁrovided

information on maturation. Growth and feeding experiments were

carried out on captive 0. dofleini.

In FOtal, 211 octopuses were tagged and 87 of these were

recaptured, some up to 8 times. Octopuses ranged in weight from -

l;;r{b\IB.B Kg and the sex ratio was skewed towards females. O.
1

d eini had a high gromth rate in tﬁe field which was
comparable to many smaller, warm water species of octopuses. The
growth rates were variable for all sizes studied and thére was
an inverse relationship between sizé?:ﬁ&w{he specific growth
rate(SGR)., No difference was foEyﬂ in growth rates between sexes
or between study sites. There ﬁere two distinct growth seasons
for 0. dofleini im Clayoquot Sound, a slow period from Jaﬁuary
to June and a faster period from July to December. These two
seasons correspond with the yearly water temperature cycle,.

Male 0. dofleini matured at a smaller size than females and
spérmatophores were found in males over 12.5 Kg . No mature
females were found although a wide size range was sampled. There

was no seasonal reproductive cycle for males in the shallow
- “
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water population im Clayoquot Sound.

Laboratory studies showed an inverse relatiomship between
octopus weight and the percent body weight of food eaten per

day. Food conversion efficiency was high with a mean of 58%.

s
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A, Introduction

Octopus dofleini (Wulker, 1910), is a member of the phylum .

Mollusca, class Cephalopoda and order Octopoda. It is pommonly
known as the giant Pacific ocﬁopus';nd is distributed in the
northern Pacific Ocean from California to Alaska, among the
Aleutian Islands and down the Asian coast to northern‘Japan and

Korea (Pickford, 1964). There are three recognized subspecies:

0. dofleini martini from the west coast of North America, O.

dofleini apollyon from the Pacific far north and 0. dofleini

dofleini from Japan and Korea(Pickford, 1964),

'Female 0. dofleini generally lay and brood their eggs on
the roof of their dens until the eggs hatch or the female dies
af starvation. Mottet (1§75) reports that female ovaries fr6m
octopuses in Japanese waters contain 30,000 to 100,000 eggs.
These eggs>ére laid in strands and take approximately 6.5 months
to hatech or anm accumulated water temperature of 2,300 to 2,700
°C days. This agrees with Gabe (1975) who reports hatching after
5 to 6 monthé for eggs in British Columbia. Newly hatched larvae
are planktotrophic but the durationm of this planktonic stage is

unknown: The only estimates available are those of Itami et al,

(1963) who raised ‘planktonic Octopus vulgaris larvae on various

species of crustacean larvae until settling., They found that at
a mean water temperature of 24.7°C, the larvae took 33 to 40

days to pass from the planktonic to the benthic stage.



Very little information exists on the early benthic stage

of O. dofleini. Yamashita (1975) suggests that very young
octopuses reside in inshore waters because small octopuses(5 cm
in total length) are occasionally caught‘in small inshore
oc&opus traps. This view 1s supported by the discovery of a 5 g
juvenile in a tidepool in Bafkley Sound on the weét coast of
Vancouvér Island (personal observatién). The ecology of animals
welghing “more than 1 Kg‘is better known.AHartwiék et al. (1981)
have described 0. dofleini as ﬁrimarily a nocturnal, refuging

predator. Their analysis of the food remains at den entrances

indicates that the diet of the octopus includes: red rock
o
crabs(Cancer productus), Dungeness crabs(C. magister), kelp

crabs(Pugettia producta), littleneck élams(Protothaca staminea),

cockles(Clinocardium nuttalli), abalone(Haliotis kamtschatkana),

and moon snails(Polinices lewisii). In addition, Japanese

studies have shown that 0. dofleini also consumes flatfish, sand
lance, bullhead(sculpin), shrimp, fish eggs, sea cucumbers, sea
squirts, starfish, squid and other octopods (Mottet, 1975;

Yamashita, 1975). EL dofleini has several predators which

include harbor seals(Phoca vitulina) (Spalding, 1964), sea

/2££gy%(Enhydra lutris) (Kenyon, 1965; 1975), dogfish(Squalus

/acanthius) (Brocklesby, 1927), ling cod(Ophiodon elongatus)

(Hartwick et al., 1978) sea lions(Eumetopias jubata) (Spalding,
1964), flatfish (Yamashita, 1975) and larger octopuses (pers.
obs.). In northern Japan, f?fhing and tagging studies indicate

that immature ocfopuses make\ four migrations in total a year



(Mottet, 1975), with the animals in deep water from February to

April and August to October and in shallow water from May to

July and November to January. Reports also reveal that these

animais are capable of swimming in the watér column during these
migrations and covering distances of 4 Km a day (Kanamaru and
Yamashita, f967, from Mottet, 1975). Abundance of 0. dofleini in

an area has beep suggested to be related to the number of |
“suitable dens available (Kanamaru and Yamashita, 1967; Mottet,

>
~. 1975; Hartwick et al., 1978) and this is one of the premises on

s

which the oriental, Mediterranean and African trap fisheries are
based.

0. dofleini is thought to reéch maﬁprity at two (Mottet,

&

1975) or three years (Yamashita, 1?75).7Mature-males contain
approximately 8 spermatophores whith are deposited with the

.

//EEEggcotylﬁs into one or more females., The inseminated females
\2are generally immature and thus store the sperm in the o%iducal

\\\_/// balls until the eggs are mature (Mottet, 1975). The peak

spawning season in Japan is thought to be May and June
(Yamashita, 19%3)_ Egg laying takes approximately 15 days (Gabe,

1975) and afterwards, the female aerates, cleans and protects

the eggs until they hatch or the female dies of starvation. This
sequence of events is identical to that reported on other

species suchlas 0. vulgaris (Nixon, 1969; Mangold and Boletzky,

1873), 0. joubini (Thomas and Opresko, 1973) and 0. cyanea (vah

~

BEeukelem, 1976).




‘Growth in animals hés been dgscribed by von Bertalanffy
(195b) as "the quantitative increas; in é living system which
results from the prevalence;of anaboiism of building blocks‘over
catabolismﬁ;>5tudies on growth‘characteristics of aquatic

animalé have centered on fish and many of the techniques

presently used to describe growth have been derived from these

studies (see ker, 1975 fqr review)., In the case of

invertebrate y the growth of moliuscs, in particular bivalves,A
’ 24

has received much of the atteéw n (see Wilbur and Owen, 1964

for review).

The growth of an organism is usually represented in graphic

J\,

form as a plot of size versus age, comﬁonly known as a growth
cuxye. Thesé growth curves are oftesn sigmoid or logarithmic 1in
shape and are described mathematically in order to model the
growth of the animal. One of the most common growth curves or
growth modelé used is the von Bertalanffy growth curve, This has
been used on many types of aquatic animais including: salmon
(Ricker, 1969), ciscoes (Bayley, 1977), bivalves (Brousseau,
1979), sea urchins (Ebert, 1980) and abalone (Breen, 1980);

However this model has been criticed (Knight, 1968; Roff, 1980)

because of its use of a theoreticals+size maximum and the lack of

F

statistical testability. Originally, it was devised around a

S
physiological basis of anabolic and catabolic processes, but Liew,
these assumptions have proved to be uggéstéﬁle so far. Other

growth curves which have been used are: the logisfic,

exponential, Gompertz, power and parabolic curves. Recently,



powerful computer programs have been developed which incorporate
most of the éommon grohth Cumves'and allow a researcher to
qﬁickly test their applicability to his data (Ebert,1980;
Schnute? 1981).

In order to constructla gr&wth curve for an animal, an age
for at-least one size must be known. The shape of the growth
cuéve can be determined by analyzing the growth fates but in
order to ﬁoéittﬂn the growth curve on a time axis, 1t is
essential to have an estim?te of age. In many animals, age can

nes occurring on hard parts but these

-

be estiméted from growth 1
are often lacking in soft bodied invertebrates.'As a so}ution to
this problem, Fabens (1965) proposed a physiologicg}\yge based
on the time required for an animal to achieve half of its.
remaining linear gro¥%th to a theoretical asymptote., Kaufmann
(1981) approached the pro;lem by giving the smallgst animal of
the group he was studying anrarbitrary age of zero and
constructing his model from tQat point.

There are basically two means of studying growth’in
animals, longitudinal methods and cross sectional methods
(Kaufmann, 1981). Longitudinal methods follow the growtﬁ of a
single animal over a long time interval and are most often
carried out in labofatories where relatively constant conditions
can be maintained. Cross sectional studies follow the growth of
a number of'different sized individuals over a short time period

and are applicable to field situations where animals may be

studied on an individual basis with tag-recapture programs or



indirectly through a series of size-frequency histograms. Both

of the above methods have been used on octopuses.

r

In the laboratory, very little growth work has been done on
0. dofleini except for some preliminary st;dies by Ha{twick et
al., (1981). However, in Europe an& Africa, extensive work has
been done on the growth and feeding of O. vulgaris (Nixon, 1966;
1969; 1971; Mangold and Boletzky, 1973; Smale and ﬁgdhan, 1981).

w

In‘Australia,.growth and feediﬁg of 0. tetricus has been studied
by Joll °(1976; 1977) who fit a von Bertalanffy growth curve to

the data. Laboratory studies on growth and feeding have also

been conducted with Eledone cirrhosa (Boyle and Knobloch, 1982),

0. joubini (Mather, 1980; Forsythe, 1981), O. briareus (Borer,
1971) and 0. cyanea (Boucher-Rodoni, 1973; van Heukelem, 1973;
1976) . .

Field studies are not as abundant.és the above longitudinal
laboratory gtudies. For O. dofleini, Hértwick et al. (1981) gave
some prelimi results from. their tag-recapture studies while
Mottet (1975) reports on some recapture results from Japanese
studies. A minor tag-recapture studyfwas also done on 0. cyanea
(van Heukelem, 1976). However, the animals were in poor
condition when they were released and so the results are
suspect., Most of the field studies have used the indirect, size
frequency analyses in conjunction with existing fisheries and

kﬁbave had varying degrees of success. This has been done for O.
vulgaris (Mangold-Wirez, 1963; Guerra, 1979; Hatanaka, 1979),

Eledone cirrhosa (Boyle and Knobloch, 1982) and 0. cyanea (van




-
»

Heukelem, 1976). \
In spite of the importance of octopus as a fisheries . A (f
resource in other parts of the world_and the large size of eur
west coast form, there is no detailed growth information oﬁ 0.
. dofleini. Therefore, I‘decided to begiﬁ'a tag-recapture program
with octopusdin a coastal, shallow water habitat to: 1) describe

N .
the growth of an. average Octopus dofleini martini.individual in

the field, ZS look for growth differences relgked to sex,
season, or location, and 3) provide a descriptign of the
resident octopus population in this area. Concurrént with the
field tagging program, monthly ocgopus coellections were done to
determine  when 0. dofleini became sexually mature. In addition,
longitudinal studies were conducted on larvae, juveniles and

adults to monitor growth and feeding in the laboratory.

T e, g e



B. Materials and Methods

Tag-Recapture Program

During June, July and August of 1980 -and from May 1981 to
May 1982, octopuses were caﬁtured and tagged using SCUBA at two

major study sites on Vancouver Island in Clayoquot Souhdrngar

Tofino, British Columbia (Figure l). The two sites, Moser Point¥
and MacIntosh Rock (Table 1), are semiprotected and expz;EBnce }
strong currents(0.62 m/sec) three to four times daily as Tngﬂqk
has a mixed semidiurnal tide pattern, The substrate in both
areas 1s composed mainly of large boulder rubble and the octopus
dens found in this ranged from three to eleven meters deep.
Benchmarks were placed at each study site above the high tide
mark for permanent identification of the sites. Water
.temperature and salinity obtained at a depth of 10 m over the
year may be seen in Figure 2.

Animals were initially located by searching for food
remains discarded by an octopus at the entrance to thé den and
the presence of an animal was verified using an underwater
light. A small amount of bleach solution was introduced into the
den and the emerging individual was captured, carefully put in a
" mesh bag, and takem to the surface where it was gxamined for
¥

scars and deformities, a2 previous tag, and its sex. The mantle -

cavity and funnel of the octopus were drained of retained water
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Figure 1.

v

Location of the.study sites used in this project in Clayoquot
Sound, Vancouver Island. 1l.)Moser Point! 2.)Moser Point-north
3.)Vargas Island II 4.)Meares Island 5.)MacIntosh Rock

6.)MacIntosh Channel.
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Table 1. List of the octopus study sites used in this project with

their respective latitudes and longitudes. *=local names

v
Site ;aLatitude and Longitude
N )
Moser Point 49°975"N,125°57"10"W. ’
MacIntosh Rock 49°12'38"N,125°57 " 16"W
Cliff Cove ©49%22138",123°17" 17"
Wizard Islets 48°51'30"N,125%9 127"
Rixon Island 48°51'9"'N,125%7'15"W
ﬁégged Islets 49°22'40"N,123%26 48 "W
MacThtosh Channel* 49°12'36"N,125°5746"W
T oser Point-north* 49°9'46"N,125°57 112"
Vargas Islan% II* 49°10'27"N, 125561 38"W
Meares Island 49°12'14"N,125°55 46"
AN

1¢
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Figure 2. The mean temperatlre and salinity per month at 10 m from May

1981 to May 1982. Both study sites, Moser Point and MacIntosh

TN
Rock, are combined.
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and the octopus was weighed in fhe mesh bag on a brass spring
scale to the nearest 0.25 Kg. Length meask ements were not taken
to measure growth as Nixon (1966,1969) showed that change in
weight is the most accurate gro;th indicator. Length is more of
a function of the state of muscular contraction at the time of
measurement, Animals smaller than 3 Kg were wéighed on a brass
scale to the nearest 0.025 Kg. Untagged octopuses were tagged on
the third left arm using a numbered, yellow, plastic Peterson
disc, 2 cm in diameter and held in place with a 6 cm nickel pin.
Tagged animals were then taken back to their demns, released and
tgg\geqf markéd using white 100 cm plastic numbered squares.

The entire capture procedure took approximately five to ten
minutes and the octopuses re—-entered their dens with no obvious
difficulties. All the marked deds were mapped and checked at

approximately two week intervals for recaptures and new

immigrating individuals. This method of sampling was biased in

that octopuses weighing 0.5 Kg or heavier had a greater

probability of being captured because their dens were easier to

locate.

0. dofleini Larval Studies
Using SCUBA, egg strands were carefully collected from a

den containing a brooding Octopus dofleini female at Cliff

Cove(Table 1) near Horseshoe Bay, British Columbia, and were
then transported in seawater to the Vancouver Public Aquarium

where they were placed in a 1000 liter hexagonal tank under the
r‘/\ \‘

¥
12 S



care of Dr, Jeffrey Marliave. The tank was supplied with a
‘fiow—through seawater systém and had an airlift in each cormner

which provided aeration and a downwelling current in the middle
of the tank. The water temperature fluctuated from 9.0 to 9.5°C

and the salinity remained constant at 27.75%..

Upon hatching, the larvae were fed daily in excess with

flakes of frozen krill(Euphausia pacifica) and Aﬁinoplex(Clark
Rogers Ltd.,), a mixture of essential amino acids and

electrolytes. Subsamples of the population (n = 5-13 larvae)

were taken approximately every ten days and weighed on a Metftler -

H10 analytical balance to the nearest 0.5 mg. Two methods were
‘used to measure wet weight: 1) each animal was weighed in
seawater in a 0.5ml beaker, and 2) each one was weighed 1in a
gmgll weighing boat after being placed on a piece of Whatman Jo.
1 filter paper for five seconds. Dry weights were taken of each
individual after it had been dried in an oven for three days at

85°C. Dimensions of rvae and eggs were measured from

known-scale photographs taken during the study.
U

Laboratory Studies

Two sets of laboratory experiments were carried out on
octopuses in enclosed tanks wﬁere the animéls were fed with
weighed amounts of food. These experiments took place at the
Bamfield Marine Station in Barkley Sound on Vancouver Island and

at the Vancouver Public Aquarium.

13
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At Bamfield, in the fall of 1980, animals were captured in
Trevor Channel at Wizard Islets and at Dixon Island (Table 1)
where the water depth ranged from 4.6 to 13.7 meters. Four
octopuses were captured and immediately tranmsported to the
station where they were housed in tanks with flow-through
seawater systems., Two experiments were run.

In the first experiment, three octopuses(2 females and 1
male) were placed in a large tank with separate compartments,
each having dimensions of 61 cm x 122 cm.x 122 ecm (906 liters).
Each compartment had its own water flow. The mean water
temperature was 11.4°C + 0.5. Clay pipes were placed on the
bottom of each compartment to act as "dens", but the animals did
not utilize them and spent their time in a corner just below the
air-water interface. Animals were exposed to a natural
photoperiod from fluoreséent l1ights controlled by an external
light sensor. The octopuses were fed daily with a weighed amount

of crabs, mainly kelp crabs(Pugettia producta) but occasionally

"red rock crabs(Cancer productus). Food levels were kept ad 11ib

(i.e. in excegs). Food was readily accepted as the animals would
attack the crabs as soon as they were placed in the tank. One
Qeek prior to the start of the experiment, all animals were
tagged using a.yellow plastic numbered Peterson disc with a
nickel insertion pin. After draining the mantle cavity and
siphon, octopuses were weighed at 14 day intervals in a
preweighed mesh bag on a brass spring scale to the nearest 0,25

Kg. Food remains were collected and weighed to the nearest gram

14




after excesé moisture was dried off with blotting paper. The
amount eaten was determined by subtraction of the remains from
the amount of food given to the octopus.

In the second experiment, a large male octqpusrwas kept in
a 61 cm x 61 cm x 210 cm (780 liter) tank wiiﬁ a flow-through
- seawater system. The top of the tank was covered to prevent
escape. Water temperatures(mean 11.4°C) were taken daily and .
feeding was done every two days with preweighed amounts of
frozen scrap fish obtained from a local shrimp trawler. Food
levels were kept ad 1lib. The families of jfish used as food were
mainly: Pleuronectidae, Bothidae(flatfish), Cottidae(sculpins)
and Agonidae(poachers). Somé Sebastes spp. were also included.
Food remains were collected and weighed. The octophsrwas weighed
-as described above after a 61 day period.

For the studies at the Vancouver Aquarium, two male
octopuses were captured, in the spring of 1981 at the Ragged
Islets (Table }) off southwest Bowen Island in water depths of»
9.1 and 13.7 meters. These animals were transported to the

vy

Aquarium in seawater where g£ey were placed in two 164 liter

/
oval fiberglass tanks withj flow-through seawater systems. Light
screens were placed on top of the tanks 'to reduce light input.
L
The animals were fed every two to three days with measured

amounts of thawed, fresh-frozen Pacific herring(Clupea harengus

pallasi). Food levels were kept ad lib. Food remains were
ccllected from the previous feeding and weighed on a double beam
balance to the nearest 0.l g before new food was added. The mean

s

15

»

ipeey droee e

R



LY

water temperature was 9.47°C + 0.1 and the salinity remained
constant at 27Z%Z.,. Octopuses were weighed at three week intervals

as described above,

Field Cage Studies /’//

During the summer of 1980 and the summer and fall of 1981,
cage studies were conducted at two study sites in the Tofino
area using small O. dofleini captured locally during the
tag-recapture study., A very small individual was obtained %rom

the Bamfield Marine Station.

Plywood boxes, with 1 mm mesh size screens at each end for
ventilati&p, were used to house the octopuses. These were of two
sizes: 30 cm x 30 cm x gl cm (57alitérs) and 30 cm x 61 cm x 122
cm (227 litefs). The cages were weighted with cement blocks on
the seabottom and(hollow construction bricks were placed inside
to act as "dens". The cages were located at MacIntosh Rock imn
8.25 m of water and at MacIntosh Channel (Table 1) in 3.7 m. Six
animals(2 males and 4 females) &Ere studied for different
lengths of time due to escape andamortality. Octopuses were
weighed at approximately weekly intervals on spring scales to
the nearest 0.002 Kg for animals less than 0.25 Kg and to the
nearest 0.025 Kg for animals heavier tham 0.25 Kg. Feeding'ﬁas
carried out ad 1ib at weekly intervals using a mixed, preweighed

diet of live foq{}consisting of some or all of the following:

red rock crabs(Cancer productus), purple shore crabs(Hemigrapsis

nudus), porcelain crabs(Petrolisthes eriomerus), littleneck

16



clams(Protothaca staminea,Tapes japonica), cockles(Clinocardium

nuttalli), butter clams(Saxidomus giganteus) and soft shelled

clams(Mya spp.). Mean water temperature was 13,3°C.

Maturation Studies

Samples were taken approximately every 30 days from May
1981 until May 1982. Sample sizes ranged from 3 to 10 per month
and were obtained from four sampling sites: 1) Moser
Point-north, 2) Vargas Island II, 3) Meares Island and MacIntosh
Channel (Taple 1l and Fig. 1). The first animals encountered were
ci?tured using the technfque described for the tag-recapture
sttdy. After the animals had been brought aboard the boa;, wet
weight, sex, generél condition and water depth at capture were
noted for each animal, Gonads were removed and placed in
labelled jars containing 10% formalin in seawater for later
analysis in the laboratory.

Preparation of the samples consisted of trimmingAthe
connective tissue away from the .gonads and for the female
samples, removal of the oviduets. Measurements for the males _
were composed of: volume of the gonadal bag, volume of gii“_‘a///\
testes, weight of the gonadal bag and weight of the testes while
for the females, volume and weight of the ovary was taken.
Volume measurements of the gonads were done with a w;ter
dgsplacement method to the nearest 0.1 ml while weights were
determined on an analytical balance to tﬁe nearest 0,1 mg for

gonads under 160 g and on a top loading digital balance to the

17
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nearest 0.1 g for gonads over 160 g;

The state of maturity for males was determined by checking
Needhamfs>sac for the presence of spermatophores. Femdle
maturity was determined by visually examining the size and

condition of the eggs in the ovary.

.

Data Analysis

Computer analysis of the data was done using the MTS system
at Simon'Fraser University and statistical analysis waé
performed using one of the statistical program packages(MIDAS).

"In describing growth, the specific growth rate(SGR) was
used because it fits into later growth model descriptions more
easily than an average daily growth rate (for example, Hartwick

t al., 1981). The SGR is defined as::

SGR = (1nWT2 - 1nWT1) / t
where WT2 is weight at time 2, WT1l is weight at time 1 and t is

the time interval in days between the two weights (Kaufmann,
/"A

\1981)
’ ~
A few other terms also need some clarification:
1. Mean* Weight of Recaptured Octopuses. As animals are weighed.
at two time intervals, there are three possible weights one
could use for description: an initial weight, a final weight

or a mean weight. The most appropriate one to use for the

purposes of growth analysis is the mean weight. If a number

of measurements were taken, one could obtain a mean of the

mean weights. For simplicity, the mean of the mean weights
!

~ L
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will be referred to as the mean*rweight.
2. Food conversion efficiency is a gross, non-physiological
\__ measureﬁent of the amount of measured weight gain per weight
of food eaten. The formula for calculation is:
EFFICIENCY = (WTg/WIf) x 100
where WTg is the wet weight change of the octopus(Kg), and
WTf is the wet weight of- the food ingested.
3. The measurement of the percént body welght eaten per day was
taken from van Heukelem(1976) and is defined as:
%Z EATEN = (WTf/WTo) x 100
where WTf is the weight of food eaten per day and WTo is the
wet weight of the octopus. |
4. The gonadal index for an octopus in this study was defined
as:
INDEX = (Gwt/Owt) x 100
where Gwt is the gonad wet weight(Kg) and Owt 1is the wet

weight of the octopus(Kg).

Growth Curve Analysis

Kaufmann(1981) has shown that most of the traditional
growth curves that are used(i.e. the exponential, the power, the
logistic, the Gompertz, the Bertalanffy) are all mathematically
related., Therefore the parameters for tﬂese curves can all be
calculated using the same method and can thus be compared.

Raufmann’s method involves calculating an SGR for the mean

weight of an individual over a certain time period. The mean

19




weight and the SGR aré plotted against each other with the mean
weight as the independent variable. By changing the scale(i.e.
logarithmic) on one or both axes, to correspond to a specific
growth model, various correlétion coefficients, slopes and
y-intercepts can be obtained, the latter two values are the
growtﬁ curve parameters. After choosing the appropriate model, a
third value, which positions the curve on the time ax&s, is
calculated by giv#mg the smallest size in the analysis an
arbitrary age of zero and back calculating to determine the time
parameter.

There is no reason that an animal has to grow according to
any one modél and so, in this study, a growth curve was chosen
strictly on the basis that it described the data "best", based
on the correlation coefficient between the mean weight and the
SGR. In addition, two methods were developed to plof the data on
the growth curve in order to observe the scatter. The firstv
method involved= using the growth-curve to assign an age to an
octopus when it was first captured and then caICUlatiné the age
at recapture as the capture age plus the time intervgl of the
recapture. By plotting only the size and age at recapture an
estimate of how closely the octopuses follow the curve can be
gained by observing the scatter around the line. The second
method is similar to the first except that it uses multiple
recaptures of a few octopuses. Again an age at capture is
determined from the growth curve but the successive ages are

determined by the time intervals of the recaptures. These sizes

20



and ages at each recapture interval are plotted around the curve
in order to observe the scatter and to see how closely the line
is followed. Obviously the above two methods do not test thé
accuracy of the curvél a these data were used to derive the

curve but,'they do give some insight into the variation

involved.
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J C. Results
ot S

NS

I. Tag Recaptures

Population Information

From June 1980 to May 1982 211 indi&idual octopuses were
located, captured and tagged. They had a male:female ratio of
1:2.9 for newly captured octopusés and 1:3.2 for recaptures. The
percentage of males per month from June 1980 to May 1982 at both
sites combined is shown in Figure 3. This iE'a combination of
all new captures and recaptures. There are two periods,
April-May and August-December when males make up 30%Z or more of
the sample.

| The total number of animals captured at each study site

from May 1981 to May 1982 is shown in Figure 4. During the

H

months August to January, there were more animals captured than
during the period February to July. These two periods are

significantly different(p<0.0l1) based on a Student t-test,

Generally, there were more ocfopuses captured per month at Moser

Point than MacIntosh Rock.

The mean weights of the newly captured octopuses may be
found in Table 2, The mean capture weights for the months May

1981 to May 1982 at both study sites combined are given in Table

22



Figure 3. The percentage of male 0. dofleini captured per month from
k‘ .
June 1980 to May 1982 in Clavoquot Sound.
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Figure 4.

¢

The number of 0. dofleini captured per month at Moser Point

14

and MacIntosh Rock from May 1981 to May 1982.

s A

24a {



™

No. of Octopuses

No. of Oc‘ropuses

Moser Point 1981—82

30+

20

10

O_J
LS VOR AN OO N
FSSIVPESSEsESES

Iaclntosh Rock 1981-82

30+

1

24b



Table 2. The mean weight of octopuses captured in Clayoquot Sound from

June 1980 to May 1982.

Wet Weight (Kg)

Octopuses n X s.d.
all captures 211 m 8.43 4.97
males ) 54 8.96 5.36
females 157 8.25 4.84
Moser Point 115 8.19 4.94
MacIntosh Rock 86 8.44 5.18

=



3. No clear pattern was displayed althoug? izkwome months,
octopuses have almost double the mean weights of those En other

1

months. There is a fairly lar§F variation in the size of the
animals as one‘standa}d ﬁeviation is equal to at least 50% Qf
the mean in most caseé..

A total Lf 211 octopuses were tagged and of ;hese,
87(41.2%) were reéaptﬁred. Some of these 87 animals Qere
recaptured up to 8§ times, giving‘; total number of 184
reéaptures. The frequency of multiple recapfures of an octopus
decreased rapidly in a curvilinear fashion as shown in Figufe 5.

The mean* weights of the recaptures may;be seen in Table 4.
The mean* weight per month for recapﬁures during the period'May
1981-May 1982 for both study sites combined ié given in Table ;i
There is not as much variation in the means per month as for the
newly captured animals and also the means are iarger while the
standard deviations are smaller. Whe:jzhe number of octopuses at

each size interval that have been captured for the first time

and those that have been recaptured at least once are studied,
ol

-

the percént recapturéa was greater in the 6 to 10 Kg{range.

(Fig. 6).

Growth

In order to analyze the data, it was necessary to test
various groups to determine if they could be combined.
JTherefore; a Student t-test was used to test for differences

between sexes, study sites or the ‘same months of different

26



Table 3. The mean weights per month fof octopuses captured in Clayoquot
Sound from May 1981 to May 1982. The study sites Moser Point

and MacIntosh Rock are combfned.

Wet Weight (Kg)

Month n x” s.d.

May 1981 2 9.62 2.51

June é' A 6.08 3.64 .
Nuly 20 7.60 . 3.89

August 20 ) 7.66  3.87 |

September ’ . 8 ’S;él | ;.20 '

October - 15 : 483 313

November 16 ) 6.34 3.62

December ‘ 13 6.98 4.05 . N

January 1982 12 4.77 3.26

February 8 6.07 3.07

March 7 11.22 7.22

April, , i 7.56 5.83

May 5 10.71 2.88

27
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Figure 5. The frequencies of multiple recaptures for 0. dofleini at
pa / N

poth study sites, Moser Point and MacIntosh Rock, combined.

i
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Table 4. Mean* weights of all octopuses recaptured, including multiple
’ 1

recaptures, in Clayoquot Sound from June 1980 to May 1982.

Wet Weight (Kg)

Octopuses n X s.d.
all recaptures 184 -9.07 | 3.69
males 44 9.10 4,15
females 140 9.06 3.55
Moser Point 108 9.21 3.63
MacIntosh Rock 76 8.86 3.81

29



Table 4. Mean* weights of all octopuses recaptured, including multiple
. 3

recaptures, in Clayoquot Sound from June 1980 to May 1982.

Wet Weight (Kg)

Octopuses n X s.d,
all recaptures 184 9.07 | 3.69
males 44 9.10 4.15
females 140 9.06 3.55
Moser Point 108 9.21 3.63
MacIntosh Rock 76 8.86 3.81

SN
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Table 5. Mean* wecights per month for all octopuses recaptured in
Clayoquot Sound from May 1981 to May 1982. The study sites Moser

Point and MacIntosh Rock are combined.

Wet Weight (Kg)

Month n X s.d.

May 1981 3 9.63 2.21
June i 7.50 *
July 13 7.98 3.48
August 14 : 7.84 3.64
Septembef 16 9.27 3.92
October 21 8.96 3.42
November | 11 _ 8.32 3.53 7
December 19 9.43 4.65
January 1982 28 8.é3 3.87
February 15 9.51 5.04
March , 10 10.20 2.71
April | 12 8.06 2.70
May 8 10.72 2.88
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Figure 6. The size frequency of 0. dofleini recaptured at least once

(weight at tagging) and newly tagged octopuses.
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years. No sizfjficant differences(p>0.05) were found in mean%*

weight or SG

»

between males and females and so they were
combined in the growth analysis. Similarly, when study sites and
months of different years(i.e. August 1980 vs August 1981) were
tested, no significant differences(p>0.05) were found in mean%*
weight or SGR and these data were also pooled. To test whether
meaﬁ* weight or SGR varied over the year, a Kruskal-Wallis one
way analysis of variance was performed on the entire data base,
No significant differences(p>0.05) in mean* weight among months
were found but there was a significant difference(p<0.05) in
SGR. A Mann-Whitney U-test was done on all possible pairs of
months and a schematic representation of the results of this
test was produced(Fig. 7). The results in Figure 7 show a
division of two periods, January to May and August to December.
The month of June had only one recapture and the{g{g;é could not
be included in the separation‘test. How;ve}, the SGR for June
was very low compared to the other months and so it was inc1 ed
in the January to May group. Similarly, the mean SGR for July
appeared to be more closely related to the.August to December
group and so it was. grouped with that period.

When the months January to June are combined, the mean*
weight was 9.23 Kg + 3.68 and the SGR ranged from -0.0168 to
00,0139 with a mean of 0.0045. During this period, 22.1% of the-
animals recaptured either lost weight or did not grow. For July

to December, the mean* weight was 8.95 Kg + 3.71 and the SGR

ranged from -0.0154 to 0.024]1 with a mean of 0.008l. Only 6.5%

<3K\ 32



Figure 7. Schematic representation of the results of the Mann-Whitney
U test on the SGR b€tween all possible pairs of months. The

dotted lines indicate a significant difference in the SGR

betweeg months(p 0.10).
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of the animals in this period either lost wefght or did not

grow,
The SGR was related to the me;n* weight of the octopus in a

negative curvilinear fashion, with a large amount of variation.
The relationships for the slow growing'season (January~June) and
the fastrgrowing season (July-December) may be seen in Figure 8.
For the slow season, the line of best fit is:

SGR = 1nWT(-0,001313) + 0.008921
whére SGR is the spécific growth rate and WT is the mean
weight(Kg). This relationship has a correlation coefficient of
~0.203 which is not significantly different from zero(p>0.05).
For the faster season, the line of best fit is:

SGR = exp(WT(~-0.,07098)-~- 4,2116)
This derived curve has a correlation coefficient of ~0.440 and

™

is significantly different from zero(p<0.01). 3
s

Using the above relationships, growth curveséi;g/be
produced for the two growth seasons based on Kahfﬂ;hn’s
technique described above. The curve of béz% fit for the
January~-June season 1s described by an Exponential gréwth curve:

WT = exp(0.00533(t + 88.18))
where WT is the weight of the octopus(Kg) at time t and t is the
age(days). The July-December geaéon is best described by a
Logistic growth curve:
T - 26.87(1+exp(=0.013592(t~203.032)))""

({Figs.9 and 10), The plotted points around the curves indicate a

uniform yariation along the curves and that the variation is

34 .



Figure 8. The relationship between the SGR and the mean weight of
0. dofleini for the seasons january to June and July to
December. The fitted lines are the result of least squares

regression after the appropriate logarithmic transformations.
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Flgure 9. Generated Exponential growth curve for the slow growth season,

January to June. Time 0 is defined as the time when the octopus

»

o

weighs 1.6Kg. Points are fitted using Method 1.
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Figure 10. Generated Logistic growth curve for the fast growth season,
July to December. Time 0 is defined as the time when the

octopus weighs 1.6Kg. Points are fitted using Method 1.
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Marger in the slow season.,.

The second method used to examine the‘fit of the growth
curves may be seen in Figures 11 and 12, The individual
octopuses follow the curves fairly closely aﬁd do not

consistently stay to one side.

II. Larvée

Observations

The egg of Octopus dofleini is similar in appearance and

shape to that of Octopus vulgaris, described by Wells (1978). A

newly laid egg was an elongated teardrop shape, creamy white in
color with a length of 7.5 mm, a width of 2.3 mm and a strand
length of 15.8 mm. The eggs were woven into clusters with a mean
of 252 + 21 eggs per cluster. A total of 73 clusters collected
at Cliff Cove (January, 1981) was estimated to contain 18,396
eggs. This was approximately 25%Z of the eggs present in the den.
Just prior to hatching, fhe larvae was plainly visible
inside the egg and the egg shape changed to a more normal
teardrop shape with a mean length of 6.6 mm + 0.2 and a mean
width of 3.2 mm + 0.08 <n=10). The larvae hatched from the egg
capsules with the application of a physical stimulus, such as a
vibration to the cluster, and would swim to the water surfaée.
They had a mean total length of 6.9 mm + 0.5, mean dorsal mantle

length of 3.4 mm + 0.5, mean arm length of 2,7 mm + 0.2 and a
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Figure 11. Generated Exponential growth curve for the slow growth season,
January to June, with multiple recaptures of two animals.

Points are plotted using Method 2.
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H,giéure 12. Generated Logistic growth curve for the fast growth season,

K July to December, with multiple recaptures of three animals.

T

Points are plotted using Method 2. ' .
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mean interocular width of 1.4 mm + 0.3 (n=3). The mantles of the
larvae were transparent and the siphon, located ventrally, was
_very large in propor?%on to the rest of the body. Reddish
chromatophores could be seen on the apex]\§ the visceral mass
through the mantle, and small suckers‘wereAno;ed on the short
arms. The larvae were observéd to have functional ink sacs. They
were more dense than the seawater és tﬂey would sink .to the
P N\
bottom of the tankdff/they stopped swimming. Neustonic feeding
was observed(Marliave, 1981) and food could be'seen in the gut
as the animals fed on the krill and Aﬁinoplex mixture.
el
Growth
A paired Student t-test was done to test for differences in
the techniques used to measure larval wet weights. No
significéﬁt difference was found(p>0.05) so the weighiné boat
technique was used for the subsequent analyses.
A linear rélationship existed between larval wet:;éight’and
dry weight with a correlation coefficient(r) of 0.87(p<0.05)

(n=36). The equation of the line was:

DW = WW x 0.1501 + 0.0806
‘where DW is dry weight(mg) and WW is wet weight(mg)(Fig. 13).
The growth pattern of the larval octopuses was followed on
a wet and -a dry weight basism(Tables 6 and 7). The larvae were
studied for 40 days at which time_the last of the population

died. Specific growth rates were very variable rénging from

0.00314 to 0.0325 for wet weights and from -0.01019 to 0.0354
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Figure 13. The relationship between the wet weight and the dry weight of

0. dofleini raised at the Vancouver Aquarium. The fitted

-
-

-7 line was derived using least squares regression.

’
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Table 6. The growth of larvae using average wet weights to measure the
change in weight of the population. N=number of larvae in the

sample, SGR=specific growth rate.

Age N Average Wet | s.d. SGR
(days) Weight (mg) (x 100)
2 " 10 21.65 2.87
. Vs
j 0.31
12 5 22.34. 1..5%
"D e 1.16
26 ¢ 6 27.75 3.86 r
0.44
33 13 28.61 3.59
3.25
40 6 35.92 3.84
»
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Table 7. The growth of larvae using average dry weights to measure the
change in weight of the population. N=number of larvae in the

sample, SGR=specific growth rate.

Age W Average Dry s.d. SGR
(days) Weight (mg) (x 100)
7
2 10 2.93 0.37 .
©3.54
12 4 4.18 : 0.34
-1.02
/\\
26 5 3.62 0.53
33,32
33 12 4.57 - 0.42

;
7 g
40 5 5.52 0.65 .

I~
4~



for dry weights., The water conten£ of the larvae appeared to
affect the accuracy of weighing so dry weight was used for
further analysis.

The growth curve of the larvae 1s shown in Figure 1l4. The
exponential equation for the dry weight curve is:

DW = exp(0.0139(Ti) + 1.0665)

where DW is dry weight(mg) and Ti is timé(days). The correlation
coefficient for the line of best fit to dry.weight is 0.82. This

is significantly different from zero(p<0.01).

IIT. Laboratory Studies

The results of the growth studies of Octopus dofleini in

the laboratory may be seen in‘Table 8. Octopuses 1in the Bamfield
study had significantly higher mean* weights(p<0.05),
SGR "s(p<0.05) and feeding rates(p<0.05) than those animals in
the study at the Vancouver Aquarium. There was no significant
difference(p>0.05) in mean feeding efficiencies for octopuses
between the two studies. All of these variables wer# tested
using alﬁt;dent t-test.

There was no clear relationship between the SGR and the
mean weight(Fig. 15). If each location is considered sep%}ately,

there is a slf%ht negative trend as shown by the corre?giion

coefficients; -0.260 for Bamfield and =0.475 for Vancouver, but
neither is significantly different from zero (p>0.05). The
) éf*\

equations for the lines are, for Bamfield:

SGR = 1nWT(-0.00113) + 0.0103
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Figure 14. Generated Exponential growth curve of larval 0. dofleini

raised .at the Vancouver Aquarium in January 1981.
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.

"Figure 15. The relationship between the SGR and the mean weight of
0. dofleini raised at the Bamfield Marine Station and the

Vancouver Aquarium.
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and for Vancouver:

1nSGR = 1ln WT(-0.433) - 4.697
where SGR is the specific growth rate and WT is the mean
weight(Kg).

When food relationships are examined, there are no clear
patterns displayed. The mean weight vs % body weight eaten/day
shows a negative curvilinear relationship with a correlation
coefficient for Bamfield of 0.38 and for Vancouver of 0.53(F1g.
16). Neither of these coefficients is significantly different

=from zero(p>0.05); ol =

An analysis of covariance showed no significant difference
in the relationship between the 7 body weight eaten per day and
the SGR for the two study locations(p>0.05). Therefore the data
from the two studies were pooled. The equation for the line was:

SGR = 1n EAT(0.00486) + 0.00616
where SGR is the specific growth rate and EAT is the Z body
weight of food eaten per day(Fig. 17). The correlation

<

coefficient(0.54) was significantly different from zero{p<0.05).

IV. Field Cage Studies

A summary of the growth of the juven;le‘_oJ dofleini raised
in the underwater cages at MacIntosh Rock ané&;aclntosh Channel
may be seen in Table 9. Ihe octopuses fed readily on the fooa
offered and would select crabs over bivalves as food items. Qf

the bivalves eaten, those with the thinner shell were taken

first and were generally broken apart as opposed to being
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Figure 16. The relationship between the percent body weight of food
eaten per day and the mean weight of 0. dofleini raised at the
Bamfield Marine Station and the Vancouver Aquarium. The fitted
lines are the result of least squares regression after the

appropriate logarithmic transformations.
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Figure 17.

—

The relationship between the SGR and the percent body weight

of food eaten per day. Data from Bamfield and Vancouver are

combined. The fitted line is the result of least squares

regression after the appropriate 15éaritbmic transformations.
—=
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drilled.

.In the growth curve anaiysis, Octopus No, 1 was analyzed
separately as it was the smallest specimen examined during the
study (there was a tenfold weight difference betweeﬂ it and the
next largest octopus). Octopus No. 1 grew exponentially during
the 65 day study period. Growth was described by the exponential
growth curve: . . ~Tﬂ\

WT = exp(0.0310(t) + 1.609)
where WT is the ocﬁopus wet weigb1(é) and t is time(days). The
derived growth éurve and datanﬁoinfs may be seen in Figure 18,

A. Mann-Whitney U test wasvused to tést for differences in
the SGR and the Qeén weight of octopuses (No. 2 to 6) between
Miclntosh«Rock and MacIntosh Channel. No significant difference
was found(p>0.05) and so the data were pooled. No clear pattern

was.displayed between the SGR and the mean weightafor octopuses

No. 2 to 6. The slope was negative and the correlation

coefficient (-0.058) was not significantly different from

zero(p>0.10). No growth curve was generated for these animals.

V. Maturation Studies

The results of the gonad collectioﬁg taken from May 198i to
May 1982 may be seen in TableAlO; A strong linear r;lationship
egisted befween the weight of the gonad- and the volume of the
water it displaced. This relationship was found—to be
sigrificantly different(p<0.05) between males and females using

an analysis of covariance., For males the line of best fit was:
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ponential growth curve with fitted data points

Fzgure 18. Generated

for the 5 g juvenile 0. dofleini(No: 1) raised in an

underwater cage at MacIntosh Rock during the summer of 1981.
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Table 10. Weights of the octopuses captured in Cla&oquot Sound for

reproductive studies from May 1981 to May 1982 and the gonad

weights.
- ' Wet Weight (Kg) Gonad Weight (Kg)
Octopuses n X s.d. X | s.d.
(o

all captures 94 8.16 4.25 45.02  104.12
males 25 - 9.11.,7 3.9 73.19 78.85
females - 69 +7.82 4,33 14.76 43f40
¢

7~
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GVOL = GWT(1.038) - 2.856
‘where ,GVOL 1is gdnad volume(ml) and GWT is gona weigh;(g). The
correlation coefficient for this relationship wds 0.999 and was
significantly different from zero(p<0.0b1). The line of best fit
for the females was: ¢

GVOL = GWT(L.015) + 0.068
The correlation coefficient was 0.999 and was significantly
different from zero(p<0.001)(Fig.19). |

When the mean gonadal index was examined on a monthly basis

for males and females, it did not appear as though there was any

/

clear breeding season (Table 11). For males, there was some

variation in the index per month but no pattern was obvious. No
samples were obtained during the months December to February,
June and September. The index~£gr females stayed fairly constant
throughout the year at a low level except for the mon?h of
February when one female octopus had a large gonadal index.

w‘ The relationship between the gonadal index and the live wet
welight of the octopus may be seen in Figure 20. It would appear
"that males and females are following two different curves and
this 1s confirmed by an analysis of covariance(p<0.001). Males
appear to experience an increase in testes weight at a body
weight of approximately 7.5 Kg while the ovaries in the females
start to increase at approximately 16 Kg. The linebof best fit
for the males is:

| INDEX = exp(WT(0.209) - 0.393)

where INDEX is the gonadal index and WT is the wet weight of the:

s _ 56



Figure 19,

S

The relationship between the gonad weight and the gonad
volume for male and female 0. dofleini captured in Clayoquot

Sound from May 1981 to May 1982. The fitted lines are the

" result of least squares regression.
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Table 11. Mean gonadal indices per month for octopuses captured in

Clayoquot Sound for reproductive studies from May 1981 to May 1982.

Males Females

Month n i X s.d. n X s.d.
May 1981 1 4.17 - 4 1.06 0.23
June 0 - - 9 0.79 0.51
July - 1 A13.59 - 4 1.16 0.23
August 2 5.45 1.55 ® 7 0.62 0.45
September 0 - - 0 - -
October 6 4.01 3.62 16  1.44 1.05
November 5 7.57 7.78 14 1.02 0.42
December 0 - - 3 1.08 0.59
January 1982 0 - - ' 3 0.77 0.08
February 0 - - | 2 10.52 10.64
March 4 10.54% 8.45 2 0.88 0.08
April 2 6.11 0.20 2 1.26 0.47
May ; 7.37 1.70 | 3 0.99 0.17

Py
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Figure 20.

The relations%fg between the gonadal index and the wet weight
of 0. dofleini males and females. The fitted lines are the
result of least squares regression after the appropriate

logarithmic transformationms.
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obtopus(Kg). The correlation coefficient(0.68) for thislline wis
significantly different ffom zero(p<0.01). For the females, the
line of best fit was determined to be:
INDEX = exp(W{Z?.OSBB) - 0.618)

The correlation coefficien§(0.72) was significantly different
from zero(p<0.01). i g

Upon examination Qf the state of maturity of the gonads,
the smallest male found to have produced spermatophores weighed
12.5 Kg and had a gonadal index of 9.65~%1ix males were captured
which weighed 12.5 Kgﬂor more and of'tﬁese, only one weighing

14,75 Kg did not have any spermatophores. It had a gonadal index

of 6.31., Mature males were found imn March, May, y and

November. The largest gonadal index for females obg ved was
18.05 fromra 20.0 Kg female. A large number of eggw’ were present
which could easily be seen with the naked eye, but they were

still in a developing stage.
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D. Discussion

Population Information

In Clayoquot Sound, the sex ratio of Octopus dofleini 1is.

strongly skewed toward females in the shallow water inshore

region. This trend agrees with Hartwick et al. (1981) who found

a significantly different male:feﬁale sex ratij?bf 1:3.3 among
0. dofleini caught in the same area. The males of this species

appear to spend much of their time in deeper water as a trapping

-«

experiment in deeper water showed a sex ratio skewed towards

males (Hartwick et al.,, 1982). The sexual partitioning of

”

habitat is not absolute as males are found inshore, although the

reasons for this separation of sexes are not understood.

Possible explanations may relate to mortality from predation and
sexual differences in behaviour.
No density measurements were calculated for either Moser

-

Point or MacIntosh Rock because of the diffichlty in getting am

A

accurate measurement of the area involved. However, the same
discrete areas were surveyed at each two week interval and it
was apparent that Moser Point ;ncompassed a larger area.
Therefore, more animals were captu{ed there. If the assumption
is made that the cas4chability of octopuses is the same for all

months of the year and that the number captured accurately

reflects the number of octopuses present, then two periods o@/\
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abund ance occurred at both study sites, a period f;;;/ilgust to
January when the animals weré common and from February to July
when they were less abunéant. This trend suggests a seasonal
movement or migr;tion or possible seasonal mortality rates.
While migration patterns have not been demonstrated for this
species in North America, Japanese studies have shown two
roundtrip migrations a year off the island of Hokkaido (Mottet,

1975).

The'wide range of sizes encountered in this studi implies

‘that at least two bagigic year classes of animals are present at
T

any one time in the shallow water inshore area. This view is
based on the growth curves derived in this study. While the
welghts are skewed towards the lower end of the dist}ibution,

the presence of animals in all size classes suggests that the

growth rates of the octopuses méy be very variable or that

recruitment into the population is continuous. The idea of

P

continuous recruitment has been reported for 0., dofleini in

Japan (Mottet, 1975).

Y

F 4
Growth Aspects

In this study the specific growth rates were not
f7%ignificantly different bétﬁeen male and female O, dofleini.
This conclusion agrees with a study on 0. tcyanea (van Heukelem,

1976), but differs from results on O. joubini (Forsythe, 1981)

and on 0. vulgaris (Smale and Buchan, 1981). The reasons for

sexugghgrowth differences were unclear in the latter studies but

&

62



the difference may have been due to differential maturation
times between the sexes. If there is a sexual growth difference
in 0. dofleini it will probably have to be determined inm
carefully controlled laboratory experiment,

The growth of Q; dofleiﬁi did not Riffer significantly
Between locations despite differehégs in exposure., Judging from
the food remains at den entrances in the two sites, octopuses
were feeding on the same basic prey items.

I discovered kwo distinct growth periodsrfor 0. dofleini, a
period of slow growth from January to June and a period of more
rapid growth from July to December. The existence of growth

seasons has been suggested for 0. dofleini by Hartwick et al.

(1981) and has been reported for 0. cyanea (Wells and Wells,

1970) and Eledone cirrhosa}(Boyle and Knobloch, 1982). The meag
SGR per month was observed 'to drop at the same time that ihé
drop in the water temperature and salinity occurred. The effect
of a drop in the temperafure>of the water on 0. vulgaris has
been examined by Mangold and Boletzky (1973) and Wells (1978).
Both studies found that a decrease in water temperature
decreased the growth rate by reducing the daily food intake. No
work has'been done on the effects of changes in salinities.

The only information available on seasonal food
availabilify in Clayoquot Sound comes from a studyqby Hartwick

et al, (1982). They show incidental captures oX Cancer

productus, one of the major food items of O. dgfleini, in

octopus traps im Clayoquot Sound from Decemberi1981 to June 1982

4 . | -



(Fig. 21). The mean number of crabs per trap decreased rapiqu;
after December and did not approach December levels again until
Jnﬁe, closely following the seasonal water temperature patterns.
Unfortunately, the data only covered this six month period and
therefore fluctuations in the other months are unknown., The use
of this data to measure the abundance of C. productus in this
area is unwarranted as thé trapping is only a measure of the
crab catchability. However, if it is assumed the catchability is
related to the ease of an octopus obtaiﬁing food, then the o
decline in crab catchability may help to explain the seasonal
growth separation(i.e. less food in the winter).

In this study, O. dofleini was found to have rapid growth
and was comparable to many smaller, warm water species of
octopuses at approximately the séme stage in the 11ife
cycle(TableIIZ).

With respect to planktonic octopus larvae, very little
comparable literature exists, The sizes of eggs and larvae at
hatching agree with Mottet’s (1975) report although her
measurements are not as detailed., The only source of planktonic
octopus growth rate information comes from a study on 0.
vulgaris (Itami et al., 1963). Using their dét; I calculated
that for the first 30 days, the specific growth ra;e'was 0.1253
at 24,7°C., This value is approximately four times higher than
the growth rate found in this study(0.0325) and is probably due

to better quality food and higher water temperatures.

64
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Figure 21. Incidental red rock crab{Cancer productus)captures in

experimental octopus traps in Clayoquot Sound from December

1981 to June 1982. (data from Hartwick et 21., 1982).
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able 12. Comparative table showing growth rates of 0. dofleini in this

study and the growth rates found in laboratory studies on other

warm water octopus species. SGR=specific growth rate, Time=the

duration of the study(days), Temp=water temperature.

Uctopus Weight SGR " Time Temp. Source

Species Range (x 100) (day§) (°cy

LARVAE

Octopus dofleini 22-36mg 0.3-3.3 40 9.4 k%%

0. vulgaris 77 12.5 30 24.7 Itami g£_§13(1963)
JUVENILES

0. do%leini 5.0-830¢g 1.3-4.0 11-35 12.0 kkk

0. cyonea 4.0-49g  5.5-5.6 45 22-27  vanHeukelem(1976)

0. joubini 5.3-9.2g 1.9-2.7 20 20-26 Forsythe(1981)

Q. _vulgaris 47-1930g 0.8-4.4 20-208 15-25 Nixon(1966)

0. tetricus 200-800g  1.9-5.0 42 20.0  Joll(1977)
ADULTS(FIELD)

0. dofleini 1.6-18.8Xg 0.2-2.5 14-210 7.5-13 Fkk

0. dofleini 2.9-8.9Kg 0.6-1.8 14-67 ? Hartwick et al.(1981)
ADULTS (LABORATORY)

0. dofleini . 3.0-20.0Kg 0.1-1.2 42 9.0-11.0 #*%

0. dofleini 2.5-4.0Kg 0.6-1.1 40-45 10-13 Hartwick et al.(1981)
0. cyanea 1.2-6.4Kg 1.3-2.1 15-75 22-27 vanlleukelem(1976)

0. vulgaris 0.5-1.8Kg 0.9%% 139 20-25 Smale and Buchan

(1981)

**=mean weight, ***=this gtudy.
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My results show that larval 0., dofleini are capable of
growth at an exponential rate, However, I think that my highest
observed growth rate of 0.0325 underestimates the growth of
larvae in the field. This is because none of the iarvae reached
the settling stage, and both the food source and the water
currentsfexperienced by the larvae were unnatural. It is
possible that octopus larvae may have an innate feeding response
to certain planktonic prey species and that the frozen krill was
a poor substitute. The ability to grow rapidly would be

advantageous to the larval cctopuses in that it would allow them

A

to quickly pass through many?iredators' prey size ranges and

eventuallyfinto a possible si4Ze refuge. There are no good

estimates for the duration of the planktonic phase of 0.

dofleini in the Pacific Northwest but in Japan, Itami et al.

(1963) réport that settling was observed for 0. vulgaris at 32
days after hatching at a water temperature of 24.7%C. This
planktonic phase may be longer for 0. dofleini in Brigish
Columbia because oftthe colder water temperatures.

Newly settled benthic octopuses also appear to be capable
of expouential'growtﬁ\hased on the field cage results for
Octopus No. 1. The highest observed growth rate of 0.0398 is
lower than those of 0. vulgaris where r;tes of 0.0885 for
animals 6.7 to 39.4 g were[f d (Itami et 334,1963$;

The results from the ;:Z?:>work on adult and
subadult(>0.5Kg) C, dofleini indicate that the specific growth

rate is size related, with smaller octopuses having higher
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growth ratjs(although, ther{?ﬁ%sma 1a§ge amount of variation in

all size asses studiedg. This negative curvilinear

relationship 18 common and is exhibited in many animals. Van
Heukelem (1976)‘refefs to Medawar (1945) who states that tissue

gradually loses its ability to replicate itself at the rate 1t

was formed, This trend has been reported for O. tetricus (Joll,

1977), 0. vulgaris (Nixon, 1966), Eledone cirrhosa (Boyle and
Knobloch, 1982), 0. joubini tOpresko and Thomas, 1975; Forsythé,
1981), and“QL cyanea (van Heukelem, 1976). The saée large
amounts of variation in growth rates with respectbto slze were
also found in these studies. In a review on molluscs in general,
Wwilbur and Owen (1964) concluded that the remarkable thing about
mollusc growth was khe variability in its-rates. For O.
dofleini, this variation could be caused by differing amounts of
food ingested, tagging disturbgﬁﬁ?s, genetlic differences in
digestive rate and/or food conv;}éipﬁ efficiency, and 1ntra or
interspecific competition. gi,dgfleini h;s a high rate of growth
and therefore the annual production of the animals must be
considerable., The laboratory and field cage étudies support the
conclusion; of the field study and show that growth at ad 1ib /;
feeding conditions in a captive situation 1s equal to the field
situation., The apparent contradictory results from the
laboratory studies (octopuses at Bamfield being larger and
having higher SGR'; than those at the Vancouver'Kﬁharium)lare

+the result of the food type fed to the animals. If each location

is examined separately, the smaller octopuses had higher SGR’s
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:’thén the larger ones. i - R

Growth Model Evaluation

While many growth curves and methods of déscribing them
have been develqped, some problems‘become apparent whén they‘ére
applied to inveftéﬁrates. The major -difficulty in this study.was
associated with my inability to age the octopuses although I
examined many octopus beaks for growth kines during a
morphometrics study (Robinson and'Hartwick, 1983). Without age
indicators, it is impossible using standard techniques, to back Z
calculate to determine equation parameters'and to examine the
growth model}gqr.the degree of fit to the data. I therefore used
Kaufmann’s (1981) technique and genérated two growth models: an
Exponential curve for January to June and a logistic curve-for
July té December. The two methods used to plac% the data points
on the growth curves show that the derived cuer: are not
unreasenable and that the variation in grdﬁth is relatively
uniform around the curve,.

The model used for the growth description of the fast
season is an model. This is somewhat misleading as no animals
were found in the asymptotic weight range (27 Kg). Therefore

extrapolation to this region is unwarranted. It is the lower

part of this model which gives a satisfactory fit to the data.

— .

The topic of asymptotic growth models and their applications to

octopus has been considered by van Heukelem (1976) in a study on

0. cyanea. He has hypothesized that because the animal reaches
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its final size when it 1is mature, and that growth will be
reduced if the octdpus Is experiencing hardships, themn there
will be no singdle final size or asymptote that the animals will
reach., This then, van Heﬁkelem,argues, invalidétes the use of
asyﬁptotic models ;nd he subsequently used a power curve to
describe growth, The objective of this study was to describe the
growth of 0. dofleini as best as possible and so I chpse not
‘l&mit the number of growth models available for growth
descfiption.

While the growth of octopuses over 2>Kg can be seen in the
two growth curves, some estimate of the actuai age at

approximately 2 Kg is needed in order to fully utilize the
curves. The only source of information on age comes from
Mottet’s (1975) review of various Japanese studies on 0.
dofleini,vin which she reports that a 1 Kg octopus would
unlikely be older than 1 year. If we gssume that én octopus
hatched in January, and then one year later ig weighed 1 Kg,
then; using the twq growth curves, it could weigh almost 20 Kg
at the end of December in the second year. This final size is

double that given by Mottet(1975) who reports that 0., dofleini

can increase in weight from ! to 10 Kg inm a year.

o~ 7
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Feeding Aspects

Food consumption was examined during the laboratory
experiments and while definitive relatioﬁshipg‘were not
obtalned, certain trends were evident. I think that two.factors
were primarily responsible for the lack of statistical
significance: the low sample numbers(in conjunetion with the
inherent variability in growth of tﬁé octopus)'aﬁd the fact that
the animals were stressedgby being in an unnatur%l situation.

.Nixon (1966) noted that some retardation in 0. vulgaris growth
was caused by frequent handling and I noticed a brief reduction
in feeding after weighing sessions.

I found an inverse relationship between the‘Z body weight

eaten/day and the mean weight of the octopus. Although this

relationship was not found to be statistically significant, it

does agree with other octopus feeding studies on 0. tetricus

(Joll, 1977), O. jéubini (Forsythe, 1981), Eledone cirrhosa
(Boyle and Knobloch, 1982), QL-czanea {van Heukelem, 1976) and
'Q; vulgaris (Mangold and'Boletzky, 1973; Smale and Buchan,
1981). The % boéy weight eaten/day was somewhat higher in the
ther studies, (2 to 5%/day compared to 1.3%Z/day in this study)
ut I feel this may be due in part to a smaller body size in the
above species and higher water temperatures. This trend of

‘larger octopuses eating proportionately less may help explain

Y

why the specific growth rate decreases with increasing weight, I
also found there was a significant positive relationship(p<0.05)

between the Zbody weight eaten/day and the speclific growth rate.

i

A
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If this relationship is extrapolated back to where the specific
grgz;h rate becomes zero{based on a technique by van Heuielem
(1976)), an estimate of the maintenance ration of the octopus
can be obtained. I determined it to be 0.28% body weight/day.
This figure is much lower than that cited by vaﬁ Heukelem (1976)
of 1.8% for O. cyanea. |

‘The food conversion efficiency was found to be quite high
'in this study with a mean of 59Z'and 57%Z for Bamfield and
Vancouver respectively.kThese figures closely agree with a study
by Ha:twﬁck et al. (1981) who report a food comnversion
efficiency of 59%, 0., dofleini appears to have a higher food
conversion efficiency than other species; for example: 40% for
0. czanea‘(van Heukelem, 1976), 40% for O. joubini (Forsythe,
1981), and SOZGfor 0, vulgaris (Mangold and Boletzky, 1973). The
observed higher efficiency for 0. dofleini may be caused by |
lower water tempegatures_fesulting in lower metabolic y
expenditures which would ;ilow more energy to be pﬁt into
growth, Food conversion efficiency does not seem to fluctuate
significantly with changes in ,the octopus weight, This
consistency of food conversion over a‘wide range ofroctopus

weights has been found in other studies on 0. vulgarisifNixon,

1966; 1969¥Ebangold and Boletzky, 1973) and on 0. czéhea (van

Heukelem, 1976).
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Maturation

I found tﬁét male O, dofleini mature at a smaller size(l2.5
Kg or greater) fhan do females in the shallow water population.
Although there is no information on differential matﬁration for
this species, this trend is found in Q0. tetricus (Joll, 1976)
and in O. vulgaris (Smale and Buch;n, 1981). The differential
maturation may occur because spermatophores méy be energetically
"cheaper" to produce than eggs and therefore females may have ‘to
be larger. Females also, undergo a period of starvation while
they brood their eggs {(Wells, 1978) and thus need large‘energy
reserves. If the growth curves'derived in this study are used
and an assumption of an age of 1 year at 1 Kg is made, an age of
approximately 1.5 years at maturation is obtained for males.
This agrees with Mottet (1975) who reporté that, in Japan, Q;
dofleini ig mature at 1.5 to 2 years;'However, the male
octopuses in this study reached maturity at a smaller size(lZ;S
Rg) than thése reported by her(15-20 Kg). She found that females,
matured at approximately 20 Kg.

I fQund no evidence of distinct seasonal reproductivg
cycles in this study, but thié may be an artifact as only
shallow water, inshore animals were sampled. In Japan, the peak
spawning season is in May an; June and probably occurs at depths
of 50 m (Mottet, 1975). Morgﬁwork involving a wider range of

samples needs to be done before any concluﬁions tan be reached

)
on this aspect for the British Columbia pegulation.

3

745

B RO R Y



W

E. Summary

Octopus dofleini martini had a high growth rate in the field

comparable to those of many smaller warm water species of

A

octopus at approximately the same stage im the life cycle.

Growth rates were very variable in all size classes examined

and may have been a result of the animals belng very

N

sensitive to changes in environmental conditions.
There was nvobserved difference in’ the mean specific growth
rate between sexes 6r locétions.

There appear to be two distinct growth seasons over the year
in the study éreas. The first one fé from January to June °
and the second one is from July to December. A growth curve
has been drawn for each. These seasons, whichbwererséparated

on the basis of observed growth ﬁé%%s, correspond with the

yearly cycl¢ fluctuations and a possible seasonal octopus

ey avéi ability.
Laboratory studies ingfqgte that cabtive 0. dofleini in ad
1ib feéazﬁg conditions grow as fast as 0, dofleini in tﬁev
g@%}d. The was an inverse relationship.xetween the weight
L ;

v o )
of an ogtopus® the percent body weight of food g& ate.

S
The food conversion efficiency was found to be generally
quite high in all ocfbpuses studied, with an overall mean of
58%. :
g )

A .
Maturation results indica hat males mature sooner than
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females at approximately 12.5 Kg. No mature females were
, fopund although a wide size range was sampled., There does not

appear to be any distinct seasonal reproductive cycle in. the

™~

observed shallow-water inshore population.

>

75



/

"Literature Cited

Bayley, P.B. 1977. A method for finding the limits of

application of the von. Bertalanffy growth model and
statistical estimates of the parameters. J. Fish. Res. Board
Canada 34:1079-1084

Bertalanffy, L.von, 1950. Principles éhﬁbtheory of growth. pp.
137-259. In: Fundamental Aspects of Normal and Malignant
Growth.(W.W.Nowinsky. Ed.) 1025pp. Elsevier/ Amsterdam.

Borer,K.T.,1971. Control of food intake in Octopus briareus
Robson. J.Comp. Physiol. Psychol. 75:171-185.

Boucher-Rodoni,R.,1973. Vitesse de digestion d’Octopus cyanea
(Cephalopoda Octopoda). Mar, Biol,18:237- 242 :

Boyle, P.R., and D. Knobloch, 1982. On-growth of the octopus.
Eledone cirrhosa. J., mar. biol, Ass. U.K. 62:277-296.

Breen, P.A., 1980. Measuring fishing intensity and annﬁal
production in the abalone fishery of British Columbia. Can.
Tech Rep. Fish., Aquat. Sci. No. 947.

,Brocklesby, HeN., 1927. Determidation of vitamin A content in

liver o0il of the dogfish Squalus sucklii. Can. Chem. Metal,
11:238-239. i

Brousseau. D.J., 1979. Analysis of growth rate in Mya arenaria
using the von Bertalanffy equation. Mar. Biol. 51:221-227.

Ebert,T.A.,1980. Estimating parameters in a flexible growth
equation, the Richards function. Can.J. Fish. Aquat.
Sci.37:687~692 7 g

Fabens ,A,J.,1965. Properties and fitting of the wvon Bertalanffy
growth curve. Growth 29: 265-289 R
-
Forsythe, J.W., 198l. A study of the growth of Octdpus joubini
Robson, 1929 reared in controlled closed seawater systems.

; MSc. Thesis. Texas A&M University, Galveston, 79pp. ]

Gabe,S.H., 1975. Reproduction in the giant octopus of the North
Pacific,Octopus dofleini martini. The Veliger
18(2): 146 150..

Guerra,A.,1979. Fitting a von Bertalanffy expression to Octopus
vulgari growth., Invest. Pesquera 43:319-326,

Hartwick,E.B., P.A., Breen and L.Tulloch,1978. A removal
experiment #with Octopus dofleini (Wulker). J. Fish. Res.

76 -



e

Board Can.35 :1492-1495.

Hartwick,E.B., L.Tulloeh and S.MacDonald,1981;-%éeding and ' B
growth of Octopus dofleini (Wulker). The Veliger = ‘
24(2):129-138. ’

Hartwick, E.B., D.Trotter and M. Walsh, 1982. An experimental

trap fishery operation for octopuses. Contract Report July
31, 1982, Fisheries and Oceans Canada.

Hatanaka,H.,1979, Studies on the fisheries biology of common
octopuses of the northwest coast of Africa. Canadian
Translation of Fisheries and Aquatic Sciences No.4741.

Itami,K.,Y., Izawa, S.Maeda and K.Nakai,1963. Notes on the
laboratory culture of the octopus larve.

Bull.Jap.Soc.scient.Fish.29:514~520.

Joll,L.M.,1976. Mating, egg-~laying and hatching of Octopus
tetricus (Mollusca: Cephalopoda) in the laboratory. Mar. :
Biol.36:327 -333. B

Joll,L.M.,1977. Growth and food intake of Octopus tetricus
(Mollesca: Cephalopoda) in aquaria. Aust.J.Freshwater
Res.28:45-56,

Kanamaru S. and U. Yamashita, 1967. The Octopus Mizudako.
Investigations of the marine resources of Hokkaido and
developments of the fishing industry. 1961-1965. Chap. 12
p.238-239.

Kaufmann,K.W.,1981., Fitting and using growth curves. Oecologia
49: 293-299,

Kenyon, K.W., 1965. Food of harbor seals at Amchitka Island,
Alaska, J. Mammal. 46:103-104.

Kenyon, K.W., 1975. The Sea Otter in the Eastern Pacific Ocean.
Dover Publications/ New York.

Rnight,W.,1968. Asymptotic growth: An example of nonsense __,
disguised as mathematics. J.Fish.Res.Canada 25:1303-1307.

Mangold K., and S.von Boletzky, 1973. Neﬁ data on reproductive
biology and growth of Octopus vulgaris. Mar. Biol.19:7-12,

Mangold-Wirz, K., 1963. Biologie des Céphélopodes benthiques et
nectoniques de la Mer Catalane. Vie Milieu (Suppl.) )
13:1-285.

Marliave, J.B., 1982, Neustonic feeding in earl§ larvae of
Octopus dofleini(kulker). The Veliger 23:350-351.

77

J T



. -
.

Mather, J.A., 1980. Some aspects of food intake in Octopus

joubini Robson. The Veliger 22:286-290.

Meda%ar, P.B., 1945, Size, shape and age. pp, 157-187. 1In:
Essays on Growth and Form. (LeGros Clark and P.B. Medawar,
Eds.) 408pp. Clarendon Press/ London.

Mottet, M.G., 1975.\$heff{:hery biology of Octopus dofleini

(Wulker). Washington State, Dept. of Fisheries Tech. Rep. 16
39p. ’

Nixon,M.,,1966. Changes in body weight and intake of food by
Octopus vulgaris. J.Zool 150:1-9,

Nixon,M.,1969. The lifespan of Octopus vulgaris Lamarck.
Proc.malac. Soc. Lond. 38:529-540

Nixon, M.,1971. Some parameters of growth in Octopus vulgaris'.
J.Z00l.,Lond. 163:277~284., '

Opresko, L.and R.Thomas, 1975. Observations on Octopus joubini
Some aspects of reproductive biology and growth., Mar,Biol.
31:51-61.

Pickford, G.E.,1964,., Octopus dofleini(Wulker). Bull.Bingham
Oceanogr.Col1.19(1):1-70.

Ricker, W.E., 1969, Effects of size-selective mortality and
sampling bias on estimates of growth, mortality, production
and yield. J. Fish. Res. Board Canada 26:479-541.
- ~

Ricker, W.E., 1975.C6mﬁﬂtatibn and interpretation of biological

statistics of fish populations. Bull. Fish. Res. Board
Canada 191 382pp.

Robinson, S.M.C. and E.B.Hartwick, 1983. Relationship between
beak morphometrics and live wet weight of the giant Pacific
octopus, Octopus dofleini martini(Wulker). The Veliger(in
press).

Roff,D.A.,1980. A motion for the retirement of the von
Bertalanffy function. Can.J,Fish.Aquat.Sci. 37:127-129.

Schnute,J.,1981., A versatile growth model with statistically
stable parameters. Can.J.Fish Aquat.Sci. 38(9):1128-1140.

Smale,M,J. and P,R. Buchan,1981, Biology of Octopus vulgaris off
the east coast of South Africa. Mar.Biol.65:1-12.

Spalding, D.J. 1964, Comparative feeding habits of the fur seal,

sea lion and harbor seal on the British Columbia coast.
Fish. Res. Bd. Canada, Bull. No. 146.

78



Thomas, R.F. and L.Opresko, 1973, Observations on Octopus
joubini: four laboratory reared generations. Nautillus

87(3):61-65,

VanHeukelem, W.F.,1973. Growth and life span of Octopus cfanea
(Mollusca:Cephalopoda). J.Zool.Lond. 16:299-315,

VanHeukelem W.F.,1976, Growth, biometrics and life span of
Octopus cyanea and Octopus maya. Ph.D Thesis. University of
Bawaii, Honolulu. 224pp.

L

kells, M.,J., 1978. Octopus. Physiology and Behavior of an
Advanced Invertebrate. Chapman and Hall/ London.417pp.

Wells,M.J. and J.Wells,1970. Observations on the feeding, growth
rate and habiss of newly settled Octopus cyanea.
J.Zool.,Lond, 161:65-74,

Wilbur H. and G.Owen 1964. Growth. In: Physiology ©f Mollusca.
Vol. 1. (Wilbur, X. H. and C.M.Yong,e eds.,) Acad &ic Press/New

York. 473pp.

Yamashita,Y.,1975. Octopus fisheries of Hokkaido. Prog.Rep.Squid
Fish, Survey World 5:59-64,

79






