B

FEASIBILITY OF INTENSIVE
AQUACULTURE OF FRESHWATER
CRAYFISH OF THE GENUS CHERAX

John Kowarsky
Rob Rippingale
Pauline Gazey



FEASIBILITY OF INTENSIVE AQUACULTURE OF
FRESHWATER CRAYFISH OF THE GENUS CHERAX

July 1984 - June 1986

Final report of project FIRTA 84/15 to the Fishing. Industry Research
Committee, Department of Primary Industry, Canberra.

John Kowarsky - Chief Researcher
Aurelia Biological

243 Victoria Road

Kenwick, W.A. 6107

Rob Rippingale - Associate Researcher -
School of Biology ,

Western Australian Institute of Technology
Kent Street

Bentley, W.A. 6102

Pauline Gazey - Research Assistant
Department of Zoology

University of Western Australia
Nedlands, W.A. 6009

\ .

Research conducted in the School of Biology, Western Australian
Institute of Technology, Kent Street, Bentley, W.A. 6102

oRRE A el AR e e T



TABLE OF CONTENTS

Page -
1.0 INTRODUCTION 1
1.1 General 1
1.2 Philosophical considerations 2
1.3 Our approach 4
1.4 Funding and background research 6
1.5 Structure of the following report 7
2.0 MATERIALS AND METHODS 7

Accommodation

Water calcium concentration
Container size

Water temperature

Diet

Control of water flow rate
Water quality assay

Light intensity

Photoperiod control

Product appeal

NNNN"\’NNNNN
HOONONWVE WN -~

.
o

3.0  RESULTS AND DISCUSSION

3.2 Growth B ' . 16
3.2.1 Effect of water calcium concentration 16
3.2.2 Effect of gender ' 18
3.2.3 Effect of water turnover and ration size 21
3.2.4 Effect of diet and temperature 24
3.2.5 Effect of container size 26
3.2.6 Effect of photoperiod 27
3.2.7 Overall growth rates 28
3.3 Food conversion 32
3.4 Product appeal 33

4.0 REVIEW OF PROJECT

5.0 “SUMMARY

6.0 REFERENCES

7.0 ACKNOWLEDGEMENTS A

APPENDIX A



-~

vjof the following aepects of marron: aquaculture&
:li) : production of young—ofhthe-year“*orﬂb+

1.0 INTRODUCTION
1.1 General:

In Western Australia, and now elsewhere, there has been considerable
interest in marron farming for over two decades. Many schemes have
come and gone and the highly optimistic attitude which once prevailed
has gradually been repléced by a more realistic approach to marron
aquaculture. While, for example, it was once considered that
appropriate site selection would allow marron to be cultured to
marketable size (120 g) on a yearly basis (Morrissy 1976), it was
later realised that at least at intensive pond culture densities
achievement of 120 g average weight in Western Australia was not
possible even on a two-year schedule (Morriesy 1984(&)).

Most serious commercial interest in marron farming begn with ‘pond
and dam culture but there is still little clear’ advic':tp';he‘would-be
marron farmer. Propoaed management and pond deaigns are yet to be "

- "“tested as full-scale’ ‘enterprises. Reasoné cited* fbr“tho"failure of ©

many marron farming schemes include predation by birds and other
animals, cannibalism, climatic and weather variability and extremes,
and, increasingly, operator inexperience. Underlying such explanations
is the fundamental fact that pond and dam ecosyeteﬁﬁmére extremely
complex and unpredictable. There is a growing appreciation that marron
are sensitive organisms which are intolerant of environmental

extremes.

Present commercial operatione in Western Auatralia exploit tuo or nore

‘stock. At prices of up "t0 .50 centa;per 18rTC

Australia) and $1 per marron (Queeneland),‘ :
small marron (1-2 g) is clearly a very attractive proposition
to farmers. The longer-term viability of thie ’arket will R

‘uction of these

depend upoh the eucceaa of; i A
i1) production of edible-sized marron, commonly termed grow—out";
iii) tourism appeal; and
iv) consultation to other less-experienced operators.



The yabbie (a species of the same genus as the marron) has also been
considered as a candidate for aquaculture, particularly in South
Australia (Mills 1984). Although this species does not reach the large
size of marron (150 g compared with reports of 2 kg), this may not be
of relevance with a target size for harvest of perhaps between 50 and

100 g.

1.2 Philosophical considerations

A "maximum growth rate" for marron was derived from data from samples
taken over a long period from a farm dam (Morrissy 1974). This became
a standard by which marron growth rates in more intensive systems were
assessed (Morrissy 1984). If growth rates did not compare favourably
with this standard then the inference was drawn that the system used
could not support commercial development of marron culture. We
continue to have some doubts about the interpretation of data from
which the growth curve was constructed, and assert that the commercial
success or otherwise of any plant or animal production schemes will
depend on the interaction of:

a) achievable survivorship;

b) achievable growth rate;

c) cost of resources used; and

d) value of final product. -

A generalised picture of the relationship between the cost of

resources and the value of production is given in Fig. 1.

There are several general feaéures of this model worth mentioning.
Firstly, there is a level of resource usage which gives unprofitable
production, that is, below the break-even line (Region A). Secondly,
there may be a range of resource usage which results in profitable
production (Region B); somewhere in this region there is a point where
maximum return on invested resources is obtained (X). Thirdly, beyond
this region, the cost of production is greater than its final value
(Region C), even though production may still increase with increasing
investment. Finally, there will be a point at which the production
curve flattens out; here the biological potential of the species has



VALUE OF PRODUCTION

Break-even
llne\

Figure 1:

A

B >L< C

COST OF RESOURCES USED

Conceptual model of the relationship between
the value and cost of production generated by
a biological system (largely “"borrowed" from
fishery production models).



been reached, and further investment of resources does not gain any
increased production. It should be noted that in some cases the
operation may be wholly unprofitable (see inset of Fig. 1), and also
that while achievement of the biological potential of the species may
be unprofitable, it may be possible to successfully exploit this

species at a lower level of resource input.

1.3 Our approach:

Assuming that the market price of the product was outside our control,
we considered it important to document the other elements influencing
the ultimate feasibility of commercial culture, namely the production
of crayfish (survivorship and growth) and the input of resources
required. In addition to simply documenting these elements, research
was aimed at maximising the former while minimising the latter.

Because of the already mentioned problems associated with the pond and
dam culture of marron, and because such methods had already been the
subject of research, we decided to investigate an alternative approach
to the production of freshwater crayfish - that is, the intensive
battery rearing of these animals. Using such a system it is possible
to entirely eliminate threats of predation and cannibalism and to
control many environmental factors between close limits. The concept
of battery culture of crustaceans was not new - many schemes had been
tried using the marine lobster Homarus particularly in the U.S. and
the U.K., but despite years of research, efforts had apparently been

unsuccessful.

We adopted the following constraints in the design of culture

apparatus:

i) Simplicity of operation - endeavours were made to keep the
design and maintenance of the apparatus as simple as possible.
By so doing we hoped to reduce the vulnerability of the system
to breakdown and to allow rapid and simple day to day operation.

ii) tase of scale-up - it was important that our laboratory
investigations were designed so that they could be scaled-up
without gross changes to the environment provided for the



crayfish. If this were not the case, then extrapolations of
commercial production based upon laboratory investigations
would not be valid. A similar problem presents itself in

2 floor

extrapolating production data from small ponds (115 m
area) to commercial-sized operations (Morrissy 1979); a battery
system is however more amenable to scale-up because the
increase in size is due to an increase in number of units,

rather than in the size of each unit.

Becausé of the paucity of data about growth of marron under controlled
conditions, we were faced with an almost endless list of factors which
at least potentially could have influenced crayfish production. Our
choices of which factors to examine first were made after considering
the following:

a) intuition;

b) literature reports on other species;

c) resource implications of the factor; and

d) the practicality of conducting a thorough investigation.

In the early part of the project we decided not to investigate diet as
a factor despite the fact that the literature on crustacean aqua-
culture seemed almost preoccupied with this. This decision was made
because (i) we believed the case for diet being the most important
factor to be considered was flimsy, (ii) this factor was a very
complex one to treat thoroughly, and (iii) there was already interest
in the subject (Morrissy 1984(b)). However in the latter part of the
project, with the publication of a "successful" crustacean ration
(D'Abremo et al. 1981) and with this diet being made available to us
(courtesy of Professor D'Abramo), we tested this aggihsty0urllocally
produced diet in two growth trials. ' e -

There was also a paucity of knowledge about the growth of other
locally available species of freshwater crayfish. As well as marron
Cherax tenuimanus and yabbies C. destructor, the koonac C. plebejus

and the gilgie C. quinquecarinatus were readily available for

research, and the culture potential of these species was virtually
unknown. At the inception of the project we thus decided to



investigate the growth performance of all four Cherax species; by the
time the FIRTA support was available we had narrowed the selection
down to the marron and the yabbie. Our reasons for not continuing with
the other two species were largely due to logistic and time
constraints. In short growth trials neither of these species seemed to
have the growth potential of the marron or the yabbie, but further
investigation would be required before they should be totally
eliminated from consideration for aquaculture.

1.4 Funding and background research:

The project commenced in mid-1981; from its inception until 1984 it
received support from within W.A.I.T. ($5,350). FIRTA support was
obtained in 1984/1985 ($17,397) and 1985/1986 ($19,728). In addition,
in 1984 funding from the Reserve Bank Rural Credits Development Fund
was obtained ($3,675).

Findings for the three years of research prior to FIRTA support have.
been documented (Kowarsky et al. 1984). We will not reiterate them in
detail here, but rather briefly outline major results to set the stage
for the more detailed report following.

i) Tap water, despite thorough aeration end'standing prior to use,
was toxic to marron kept in flow-through conditions for longer
than 5 days. The agent responsible was possibly copper. The
battery system was connected to a supply of groundwater which
was not conducted in copper pipes, and the problem disappeared.

ii) A culture apparatus using individual chambers with close
control - of water and food input was tested, but growth in this
8ystem was poor compared to that of marron free-rangingfin an
aquarium. B

iii) Growth of marron individually confined to small aféinleés-ateel
cages within an aquarium did not differ from similar marron
allowed to free-range in the same tank; mortality of the caged
animals was, considerably lower than those outside the cages.
The system mentioned in (ii) above was abandoned in favour of a
partitioned aquarium design.



iv) Much improved marron growth rates were obtained in the
partitioned aquarium; there was also some evidence that the
growth of juvenile yabbies was superior to that of marron of
gimilar size, but that growth of gilgies was considerably

slower than either of the other species.

1.5 Structure of the following report:

The work funded by FIRTA was conducted as a series of growth trials,
each investigating the effects of different levels of one, two or at
the most three factors. Some of this work has already been published
(Kowarsky et al. 1985(a), 1985(b), 1985(c)).

For ease of reading we propose in this report to treat the material
factor by factor, rather than in strict chrbnological order. The word
"gignificant" is used throughout in its statistical context, referring
to results occurring by chance factors alone with a probability of

less than 5%.

2.0 MATERIALS AND METHODS
2.1 Accommodation:

The basic unit for the individual culture of marron and yabbies in all
of the experiments was made from plastic boxes (ACI T-Series available
from Makin Paper, Newcastle Street, Perth). Both the 2 1 and 1.5 1
boxes of this series were used in various trials, the same top
dimensions and slightly tapered sides allowing these containers to
neatly stack into each other, a property which was used in several
designs. A diagram of one such accommodation unit is given in Fig. 2.

In all cases an airstone situated in a plastic tube provided an air-
1ift which circulated water through the unit. Units were placed on the
bottom of a holding tank (with a capacity for 12 or 18 such units
(Fig. 3(a)) with the water level maintained about 6 cm over the top of
the 1id, or fitted with legs so that the water level was about 3 cm
below the 1id (Figs 3(b) and 3(c) respectively).
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Figure 3: Diagrams (not to scale) of configuration of individual
accommodation units within holding tank.

(a) Plan view
(b) Side elevation, units on tank floor, wholly immersed
(c) Side elevation, units raised on legs, partially immersed
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Each unit received a capillary tube delivering water at a known rate.
Variations to the general scheme described above were made by changing
the following:

i) the presence or absence of a filter bed in each unit;

ii) where a filter bed was present, the depth of the bed and the
type of gravel used (mean maximum diameter size of grains
varying between 2.7 and 5.3 mm); and

iii) the size mesh used on the floor and 1id of the containers
(Nylex plastic mesh aperture size 3 mm, 6 mm and 12 mm).

A photograph of some experiments in progress is shown in Fig. 4.

2.2 Water calcium concentration:

Water for all experiments was provided from the W.A.I.T. Campus
groundwater supply. Before use the water was thoroughly aerated. In
cases where. additional calcium was required, this was usually achieved
by percolating the water before use through a plastic column (I.D.

5SS mm x 1 m) which had been filled with commercially available shell
grit; as this grit gradually dissolved it had to be periodically
replaced. In one trial where higher calcium concentrations were
required, this was achieved by adding a known concentration of CaCl2
at a known rate to the water of the holding tank.

2.3 Container size:

To achieve a larger accommodation unit than the one described in 2.1
above, the end walls of two plastic boxes were removed and the boxes
glued together to form a unit 260 mm long, compared to the standard
160 mm length. In all other respects the design of the longer ‘
contaiﬁere was the same as those to which they were being compared.

2.4 Water temperature:

The airconditioning system of the experimental room combined with
evaporative cooliﬁg due to aeration of the tanks kept water
temperatures generally below 20°C. Aquarium heaters placed in each
holding tank were adjusted until the holding tank water temperature
was maintained at 21°C, or in one trial at 25°C.
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Figure 4: Photograph of laboratory showing a section of the
experimental battery culture apparatus
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2.5 Diet

Formulations of the two experimental rations are given in Appendix A.
Food was usually administered in the pelletised form; in some trials
coarsely broken pellets ("crumbles") were used. The appearance of
these diets is shown in Fig. 5.

Control of ration size was effected in two ways:

a) where small quantities of food were required, pellets were
manually cut to a length giving a known average weight (0.2 g),
and the correct amount of food was dispensed by counting out
the determined number of pellets;

b) for larger quantities, standard measuring spoons were
calibrated to determine the average weight of pellets or
crumbles held by a level spoonful. From this data the
combination of spoons delivering‘the quahtiﬁy of food closest
to that required was determined. o

Several feeding schedules were used. Schedules 1 and 2 involved daily

inspection of the unit, and food administration only if food from

previous feeding had disappeared. The feeding rates of Schedules 1 and

2 were approximately 10% and 5% (wet weight of fobd.expreased as

percentage of wet body weight) respectively. Later feeding schedules

involved daily feeding, irrespective of the presence of unremoved

food. Feeding rates for Schedules 3, 4, 5 and 6 were 8%, 4%, 2% and 1%

respectively. With all feeding schedules, the actual ration to be

given was determined by the wet weight of the animal at the start of
each 50-day period. '

The food conversion ratio for each animal was calculated by summing

the total wet weight of food given and dividing this number by the

total wet weight growth increment for the period under review.

2.6 Control of:water flow rate:

Water from a constant-head reservoir was gravity fed through 13 mm
piping past all accommodation units. Delivery of required amounts to



(a)

(b)

i (d)
\ (e)
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Diet 2 pellets
Diet 1 "crumbles"
Diet 2 "crumbles"
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each unit was effected through a combination of choice of bore and
length of capillary delivery tubing, and use of taps appropriately
placed.

2.7 Water quality assay:

Water was assayed at intervals for oxygen concentration (Winkler
titration), pH, calcium and ammonium (all with ion selective

electrodes) .

2.8 Light intensity:

Light intensity at the water surface of several tanks was measured

using a Quantum light meter.

2.9 Photogeriod control :

Experimentel tanks were surrounded by a fremeuork over uhich opeque‘ :}
-..- black -plastic was. -spread.. Fluorescent . lights uithin thiaflight-proofh;;fﬂ
“structure were controlled by time switches to allow for correct day-
length settings. Inspection of units was timed to occur during "day"

periods.

2.10 Product appeal:

Comparisons of several attributes of cooked crayfish tail were made in
controlled tests. In all cases the crayfish were immersed in boiling
water and cooked for 3 minutes after the water had returned:tovthe
boil, then cooled- 1mmediete1y in runningkueter"‘Following peellnglend
Adeveining, ‘the fleeh wee placed in eeeled'co, "l
vovernight at S°C. ‘The flesh waa removed frou
before the tests were conducted. Small’ portionej(apptoximetely_'ne v
third of the tail) were arranged on paper plates which had been |
divided into three sectors, each sector being coded with a Greek B
letter. Each person waa given a plate with. three piecee of creyfleh on
it, and asked to assess each piece on the following criterle by S
marking the appropriate position on s 50 point undifferentiated
scale:
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a) General appearance: very unpleasant - very pleasant

b) Flavour pleasantness: very unpleasant - very pleasant

c) Shell fish (crustacean) flavour strength: nil - very strong
d) Chemical flavours: nil - very strong

e) Unusual flavours: nil - very strong

f) Eating exture: very tough - very tender

g) Eating texture: very unpleasant - very pleasant

h) Overall rating: totally unacceptable - totally acceptable
Subjects were also asked to describe unusual flavours, and to make any

other comments.

Four tasting experiments were conducted as follows:

EXPERIMENT (number of subjects)

BATCHES 162 DY V2 SN (¢3) ISR 1¢) )
EM Diet 1, 650 days X X

EM Diet 2, 650 days X X

EM Diet 2, 400 days X

EM Diet 1, 400 days X

EM Diet 1, 350 days . X

PM X ' X

EY Diet 1, 300 days ’ X

PY : X X
Coding: P - Pond reared E - Experimental (reared in battery)

M - Marron Y - Yabbies

Table 1 Comparisons made in four taete-testing trialaiﬁ“f
of pond-reared and battery-reared marron and
yabbies. The three batches compared in each
experiment are indicated by "X". The‘numbe:.qf
days refers to the period crayfish were |
maintained in the battery.
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3.0 RESULTS AND DISCUSSION
3.1 .Survivalz

Survival of marron in the longest running experiment (650 days) was
88%. Survival of yabbies under the more favourable calcium treatment
(see below) in the longest running experiment (450 days) was 100%.
Similar survivorship occurred in shorter term experiments.

Some deaths were due to escape from the containers due to flaws in

their fabrication. Most deaths, however, were coincident with, and

most likely caused by, hypoxic conditions which in turn were

associated with one or more of the following:

i) poor water circulation through the container due to clogging of
the grit filter and/or mesh floor; ,

ii) poor water circulation due to ineffective air-lifta; B

iii) build-up of uneaten food with a consequently high B.O.D.,u'q-
(Biological Oxygen Demand) leading to hypoxic conditione; and

iv) - poor water quality due to failure of the. water.delivery system.~.'

In most cases deaths were also associated with moulting; a eeparate
investigation of marron metabolism (Kowarsky et al. 1986) provided
evidence that these animals, like other crustaceans, have elevated
metabolisms at the time of moulting.

3.2 'Growth
3.2.1 Effect of water calcium concentration

A strikingly aignificant effect of water calcium qoncentration onp he ,‘
growth\of yabbiea was denonstrated in tuo independen als"

Growth in the elevated calcium treatment of ‘each trial wes similar,
despite the fact that the mean calcium concentration in the second
trial was 32 ppm,compared to 9 ppm. 1n the first (control tteatment
calcium concentrations were 3-4 ppm). ‘This suggeats'that a plateau may
have been reached with respect to the effect of calcium concentration
on yabbie growth, and further raiaing the calcium levels would not
result in further increases in growth rate. Changes in pH occurred
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with changes in calcium concentration (7.6 compared to 7.2 in the
first trial, 7.9 compared with 7.4 in the second). We did not attempt
to more closely determine the precise agent leading to changes in

growth.

In the case of marron, no such effect on growth was detected. Marron
kept for 300 days in bore water (calcium level 4 ppm) and calcium
enhanced water (calcium level 9 ppm) had very similar final mean
weights (22.8 g (N=12) and 23.6 g (N=11) respectively). We note here
that this investigation was conducted before either water flow rate or
temperature (see later sections) had been optimised - it would be
useful to again test affects of water calcium concentration on marron
growth under more optimal levels of these other factors.

. There is little Anformation evailableAin the li turejregeruingr L
“_‘geffecte of calcium_eoncentretion; ff ' r oW rrissy

calcium concentratione could be in: the range 20430 ppm (Morrieey 1970{
Morriesy 1974); however in a subsequent study other factore were o
apparently more important in influencing the biomaee of merron =

. (Morrissy 1974). - e TR R

All further yebbie growth trials reported here used calcium enhanced
water (about 9 ppm), while all further marron growth triale ueed bore

water (3-4 ppm calcium).

QZ.ZV,Effect'Bf:genderi'fﬁarf‘

"Ayebbiee with reapect to growth. B e

-

A 'similar early and narked -manifestation of differencee between male

. and female marrod‘did not occur. Nowever, a difference did emerge:
when, at the end of the longeet running grcwth trial (650 deye), data
from non-differing treatments were pooled and sorted with respect to
gender (Table 2).
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Comparison of the growth of male andsfbmale
“juvenile yabbies kept in similar conditions -
1n 1nd1v1dua1 culture in two experinonts”*’
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MALES FEMALES
70.6 + 22.2 53.3 + 21.4
17) (16)

Table 2: Mean + s.d. wet weights (g) of male and female
juvenile marron after 650 days in individual
battery culture. Number of individuals in each
sample indicated in parenthesis.

There were two other comparatively long-term growth experimente with

marron. The first of these was .conducted over 00 daysijbut th"emall,
numbers -in eech group when divided by treatmem nd m" ded
reasonable comparison of mele and female groﬁth etesivThe _econdfﬂzv

. ..growth, trial was over 350 deys, but the sexee'o marron used in’ this ”

:Lﬁ,male creyfieh in growout echemes, exteneive al

CTARER AR RS Tk e
trial were not determined In shorter—term triale no maleffemale

differences in growth were apparent.

Leke and Sokol (1986) cite references indicating that mature male
yabbies grew faster than mature female yatbiea, and also present new
data supporting this observation. From our work it is clear that the
superior growth rate of yabbie males was manifest from an early stage
(around 10 g wet weight). We could not find any reference to male/
female growth differences 1n marron. . » N

fji: the, light of the above findlnge 1t"'

“as’ bettery syeteme. But before this etrategy‘ie adoptedvfbr ponde and
dams, production trials comparing performances of males end females
kept seperately should be conducted. An additionel adventege 1n
stocking water bodiee with only malee may be the prevention of
overbreeding, overstocking and runting which may otherwiae occur.
Against such possible advantages must be weighed the cost of (1)
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discarding juvenile females (although some of these could be utilised
as future broodstock) and (ii) labour in sorting the animals before
use (low power microscopes are necessary for sexing small (1-2 g)
animals.

In all subsequent growth trials involving yabbies, only males were
used, and all subsequent yabbie data reported here is from males only.
In the case of marron, however, mixed sex samples were used throughout
the experimental period and are reported here. While it was not
practical to separate and analyse male and female marron data
separately (due to too small-sized sub-groups) we have examined the -
data and none of the significant findings following appear to be the
result of bias because of differing sex-ratios of marron under.

differing treatments.

-33?2;33,éffee£jefveeter turnover and retien.ei

| §Growth detaafrom Juvenile marron eubjected to wo_level_,of .ate
L”“f*turnover and ‘three -levels-of ration sizefor: 200*daya are ehown

A_eignificant effect of water turnover rate wes-feund by the firetlso
days of the trial; however there was no detected effect of ration size
on marron growth even after 200 days.

Juvenile yabbies were also subjected to two leVeie of waﬁer turnover -
treatment, thie time in conjunction with testing ofyDiete 1 end 2 In

_Me are uneble to offer an explenation of why"both marr .
showed such superior growth under the slower water turnover treatment;
v‘;Examination of the water quality perameters measured revealed no i
?nerked or coneietbnt difference between the two flow treatmentz
‘note that euperior growth of lobsters under etatic and near eﬁetic
conditions has been reported (Wadley et al. 1982).
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In all subsequent marron growth trials, the slower water turnover
treatment was used. As the yabbie finding was only obtained near the
end of the research period, other yabbie data reported here was
obtained under the higher flow treatment.

3.2.4 Effect of diet and temperature:

With respect to yabbies, we reiterate the finding of no significaﬁt
difference in growth of juveniles fed Diet 1 and those fed Diet 2 in a
150-day trial mentioned in the previous section. All yabbie growth
trials were condicted at a nominal temperature of 21°C; in the light
of a report of optimal growth of yabbies at about 28°C (Milla 1984),
and the temperature effect on growth found for. marron (see below), it
is likely that better growth rates could have been achieved had we
used higher temperature conditions for yabbiee.; - :

Two experiments investigating the effect of diet on merro ;uore: 
conducted. The first, at a nominal temperature of 21°C,'wae run over a
' period of 200 days using marron of mean weight 20 g from a” previoua o
trial (Table 3). '

DAY OF EXPERIMENT

50 200
DIET 1  Weight (g) | 23.9 + 3.7 605+ 6.8
(N4) % weight increment 17.5 4 154 0 13.4": |
DIET 2. Neight (g) S 'ffsza.z + z.s L
(N=5) weight increment - :'41.7 + 3.9 : 228:6 + 22.7 o

Table 3: l'Mean:_s.‘d. values for weightbénd péié&hfdge weight
increment for marron kept under two diet treatments
for 200 days. Appendix A contains the formulations
for the experimental diets.
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By day 50 of this experiment, animals fed Diet 2 were significantly
larger than those given Diet 1. Although significant differences in
mean weight disappeared subsequently, when growth was expressed in
terms of the total weight increment as a percentage of initial weight
the significant difference persisted up to the end of the trial.

The second experiment investigated effects of two levels of
temperature (21°C and 25°C) as well as the two experimental diets on
juvenile marron growth (initial wet weight 1.5 g). Mean weights of
marron at the end of the 100 day trial are shown in Table 4.

NOMINAL TEMPERATURE

21°C 250C
DIET 1 4.1 + 0.9 6.1 + 1.6
(5) (@)
DIET 2 S.1 + 0.6 5.8 + 0.9
(8) (6)

Table 4: Mean + s.d. wet weight of groups of juvenile marron
kept under two temperature and two diet treatments
for 100 days. Number of survivors of initial 6 in
each treatment is indicated in parenthesis.

A two-way analysis of variance on the above data revealed a
significant effect of temperatures only, with no significant inter-
action between the two variables. When the data for 21°C was analysed
separately, a significant difference between the two diet treatments

was found.
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The results of these two experiments indicate that superior growth of
marron occurred with Diet 2 at 21°C, but that no difference between
the diets was manifest at the higher temperature treatment, where
growth rates superior to those found at the lower temperature

(irrespective of diet) were achieved.

The literature reveals little in the way of rigorous tests of effects
of temperature on marron growth; one summary of seasonal growth in
relation to temperature in farm dams (Fig. 2 of Morrissy 1976) appears
to indicate that best growth occurred in the range 19°-21°€, with
congiderably inferior growth occurring when the temperature was in the
22°-24°C range.

It would be worthwhile to conduct a longer-term study of marron growth
at 259C; we would snticipate that an improvement to the overall growth
rate (see 3.2.7 below) would occur. Because the incipient lethal
temperature for marron was found to be around 31°C (Morrissy 1976), it
is unlikely that much better growth could be achieved by maintaining
marron at temperatures greater than 25°C.

3.2.5 Effect of container size

Controlled experiments with marron (mean initial weight 39 g, duration
of trial 250 days) and yabbies (mean initial weight 47 g, duration of
trial 150 days) comparing growth in standard containers (160 mm long)
and enlarged containers (260 mm long) did not reveal any growth
differences. We note the report that lobster growth was affected from
very small size by the dimensions of the container (Schleeer 1974;
Goyert~and Avault 1978) and we point out here thatwwe have not
conducted trials using small (1-2 g) crayfieh. We also note the report
that total floor space rather than floor shape influenced lobster
growth (Schleser 1974). Our own subjective impression of marron and
yabbie behaviour when confined in our containers was that optimal
space usage would be achieved by using rectangular rather than square
containers. Large animals aligned themselves along the longer axis of
the container and did not appear to be constrained by the narrower
width dimension.
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The largest marron grown in our standard containers weighed 134 g;
this represented the upper extreme of considerable variation in size.
To achieve a mean weight of 120 g (present minimum legal size) marron
substantially heavier than 120 g would have to be produced. It is
possible that such sizes may be subject to growth inhibition due to
container dimensions. To minimise such effects, two strategies could

be adopted:

a) use selective culling of animals as market size was reached,
rather than waiting for the batch average to reach this size.
The additional labour coats could be offset by avoiding
possible growth inhibition, freeing space in the system and
minimising residence time in the system;

b) continue research aimed at minimising variation between

individuals.

3.2.6 Effect of photoperiod:

A summary of data from the 100-day trial investigating photoperiod is

given in Table 5 below.

16 hours light/

" PHOTOPERIOD

8 hours dark

8 hours light/
16 hours dark

Initial weight (g)
Final weight (g)

Percentage weight

increment
AN

1.5 + 0.2
5.7 + 0.8
276 + 41

1.4 +0.2
5.3 + 1.0

267 + 52

Table 5: Mean + s.d. values for two groups of 9 juvenile
marron kept in individual culture for 100 days

I
\

under two photoperiods.
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There was no significant difference between the growth performance of
the two groups of marron. We note that an effect of photoperiod has
been found on the moult cycle duration of the spiny lobster Panulirus
.ggggg_(nuackenbush and Herrnkind 1983), with short days shortening the
overall moult cycle. We note also that larval lobsters Homarus
americanus were found to survive better and develop faster under very
short days (Aiken et al. 1982).

While in the wild marron are generally cryptic during the day, and
active foragers at night, we have observed that in the laboratory
these animals, and yabbies, are active at all times of the day -and
apparently irrespective of the intensity of lighting. In the
individual containers, sections of plastic pipe were provided as
shelter for young crayfish. These were utilised by small animals, but

~by the time crayfish were between 10-20 g weight, the shelters did not
appear to be used frequently, and they were usuaily removed.

3.2.7 Overall growth rates:

. Best growth rates achieved by ﬁarron and yabbies in this study are
compared with that found for the lobster Homarus elsewhere (Fig. 10).

Although marron growth performance improved through the course of this
research, the best growth curve achieved fell well short of the
maximum growth rate reported for this species (Morrissy 1984(b) based
on Morrissy 1974). We are aware of claims of very high growth rates of
marron kept in pond culture in Queensland. While we do not believe
that we have reached the full potential of marfoﬁvgrowth in our
trials, we have some doubts about the validify 6fftﬁe lnﬁerpretation
of field data for the W.A. pond trials, and we have nof'yét aeen any
raw data from which the Queensland claims have been inferred. However,
there is general consensus that at realistic stocking densities _
achievement of the reported maximum growth rate of marron in Western
Australian conditions is impossible with present technology (Bennison
1984; Morrissy 1984(a)); even claims from commercial interests (see
Fig. 11 below) fall short of achieving commercial size (120 g at
present) within one year.



LA~ L

WET WEIGHT (g)

Figure 10: Comparieon of best growth rates achieved ‘inthi
with those reported for marron and Homarue elsewhere.

"!naximum growth rate for marron from Morrisay (1984(b
‘= .male yabbies, thia study, trial commenced 31/8/84*
3 -.male yabbiea, this study, trial commenced 29/7/85:

4 - Homarus gammarus in battery culture, from Beard ot alQH

5 - mixed sex marron, this study, trial commenced 24/4/85
6 - mixed sex marron, this study, trial commenced 25/6/85
7 - male marron, this study, trial commenced 31/8/84
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Figure 11:
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We would expect that with longer term experiments at 25°C, and with
the use of male marron only, further improvement of the growth curve
for this species in battery culture would occur. On the basis of
growth thus far achieved, the time to reach mean size of 120 g could
be extrapolated to about 2 years, providing that the "plateau" in the
growth curve of yabbies did not occur with marron.

Growth of yabbies in the battery was of the same order as those kept
in ponds by Mills (1984). As with the marron, we would expect that
more optimal conditions (slower flow rate, probably higher
temperature) would result in more rapid growth of yabbies in the
battery situation.

" Cause for some concern is the flattening of the growth curve found for
male yabbies, and for females of both species. Field studies of .
yabbies do not support the idea that they had reached maximum size
(see studies by, and cited by, Lake and Sokol 1986). In the case of
marron there is certainly evidence of these animals far exceeding the
weights achieved here. During preparation of marron for product appeal
trials, we noticed that some females had large eggs present in their
bodies. It is possible that the slowing of growth remarked upon here
was related to the early development of gonads. If this were the case,
avoidance of external conditions likely to trigger gonadal development
would be advantageous to the crgyfiah culturist. .

Little is known about the factors influencing the maturation of the
gonads of marron. Trials varying both temperature and photoperiod
simultaneously were reported to induce earlier theh usual spawnihg
(Morriasy 1983), but the design of these triala ﬂakes it difficult to
gain clear insight into the causes of the earlier eventa. In the '
American lobster, Aiken and Waddy (1985) in controlled experiments
were unable to demonstrate any effect of photoperiod on spawning.
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3.3 Food conversion:

The food conversion ratios for a group of five marron kept under
favourable conditions for 400 days were calculated (Table 6).

PERIOD OF EXPERIMENT

DAY 1 - DAY 200 DAY 201 - DAY 400 DAY 1 - DAY 400
3.6 + 1.4 2.8 + 0.1 - 3.0 +0.4
Table 6: Mean + s.d. food conversion ratios for five

Jjuvenile marron kept under favourable treatments
in battery culture for 400 days. Mean initial wet
weight = 1.3 g, mean final wet weight = 65.4 g.

We point out that the measurement of food conversion ratio in this
instance is made on the amount of food given to the individual, rather
than the amount of food ingested by each animal which is much more
difficult to quantify. Thus an apparent increase in efficienéy in the
second half of the experiment may have been due, at least in part, to
- our becoming more efficient in the distribution of food rather than
the larger animals becoming metabolically more efficient.

Using information from detefminations of moisture content of both
marron and the food pellets, we calculate that a value of 3.0 (wet
weight basis) would be approximately equivalent to a “food conversion
ratio of 13.5 (dry weight basis, assuming that" food wes 10‘ noiature,
marron were 80% moisture content), or 2.7 (dry weight food - wet-

" weight animal).

Because yabbie growth virtually ceased after 250 days, calculation of
food conversion ratios for this species was restricted to this period.
A group of 7 male yabbies had a mean food conversion ratio of 4.7
(s.d. = 0.7) (wet weight basis).
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Values of the same order have been found in other species of cultured
crustaceans (e.g. Beard et al. 1985). Knowledge of the food conversion
ratio enables us to determine the cost of food needed for the
production of a given sized animal. For example, assuming that the
food conversion ratio to produce a 120 g marron is 3.5, 3.5 x 120 =
0.42 kg of food would be required to produce this marron. Given a food
cost of approximately $650/tonné, this quantity would cost 27 cents.
At present market value of 120 g marron of around $30/kg, each marron
would return $3.60 - it is unlikely, therefore, that the cost of such
food would be a major obstacle to the commercial viability of marron

production.

3.4 Product appeal: -

One-way analyses of variance performed on scores for each of the eight
criteria for each of the four experiments revealed only oneA
significant difference - for the criterion of "General Appearance" in
Experiment 1. A Scheffe teat showed that the difference found was
between the flesh of pond grown marron and experimental marron fed
Diet 1 - in that experiment there was no difference between the pond
marron and experimental marron fed Diet 2. Note that in Experiment 4,
another comparison between pond marron and experimental marron fed
Diet 1 did not reveal any difference. ‘

On the basis of the above trials it would be reasonable to conclude
that there was very little difference between any of the products
tested i.e. pond marron, pond yabbies, experimental marron and
experimental yabbies were products of similar appéal. Ihis does not
mean, ‘however, that these products had similar appeérgﬁces, either
live or cooked. Live pond marfon were very dhfk,'almost black shelled,
while live pond yabbies were a somewhat lighter brown colour. In the
battery system, crayfish of both species had markedly lighter
exoskeletons (Fig. 12). In experimental marron the shell had a
strongly blue-purﬁle hue, while in the case of experimental yabbies
the shell was more clearly blue. These obvious differences in
appearance of live animals were reflected in the appearance of the
unshelled cooked animals (Fig. 13) and the shelled tails (Fig. 14).




50—

(a)

(b)

Figure 12: Compariéon of the appearance of live marron (a)
and yabbie (b) after rearing in battery culture.

Each animal weighed approximately 70g and was
fed Diet 1.
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Appearance of cooked but unshelled freshwater crayfiah:
left to.right = battery yabbie, pond marron, aquarium
_yabbie.bﬂ : :
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left to right - battery yabbie, pond ..marron,
yabbie, battery marron. : - .
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There is no doubt that the pond marron and yabbies, when cooked, more
closely resembled the cooked appearance of other edible crustaceans
than the battery-reared crayfish. If the difference in appearance of
battery-reared crayfish influences the market acceptance of these
products, it will be important to direct research into restoring a
more natural look to the battery-reared animal. While there has been
a report of diet influencing shell appearance (Morrissy 1984(b)),
controlled investigations of factors affecting the degree and hue of
pigmentation in the exoskeleton of marron and yabbies remain to be

done.
4.0 REVIEW OF PROJECT

Apart from the specific findings already detailed, this research
project has demonstrated two important points relevant to the battery
culture of marron and yabbies. Firstly, it has shown that it is
clearly feasible to maintain these animals for extended periods in
confined conditions with acceptable mortality. Secondly,ﬁAt;has -ghown
that the growth of these crustaceans is extremely seneitiQeuto the
prevailing environmental conditions, and that to optimise}gfowth it is
necessary to carefully control these conditions.

While from the practical viewpoint the results to date are
encouraging, we stress that the research is by no means complete, and
results presented here should not be used as a model for commercial
production. As already noted at particular points during the
"presentation of results, further research needs to be undertaken to .
investigate and optimise levels of several envirdnmental factors. As
the effects of a particular factor become clearer, it will often be
necessary to re-investigate effects of other factors to deteraine the
extent, if any, of interaction occurring.

But no matter for how long laboratory studies in this field are
carried out, suchfﬁork will never confront and solve the practical
problems associated with a necessarily much larger commercial
operation. These problems, largely engineering in nature, include
provision of services to each animal (water, food, oxygen, waste
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removal) and the maintenance of environmental conditions between
defined limits, for a large scale project. Given successful automation
of most aspects of the daily care of battery crayfish, by far the most
significant running cost will be that associated with energy use to
maintain the required environmental conditions, in particular,
temperature. Indeed, the manner in which these problems of scale-up
are solved will probably determine the financial viability of a would-
be commercial battery operation.

It is therefore highly desirable at this stage to move battery
research from the laboratory level to the level of a pilot plant so
that the opportunity to resolve problems of scale-up can be taken.

5.0 SUMMARY

<.

a) Juvenile marron and yabbies were maintained 1% an”gxberimental
battery culture system'?or extended perioﬂs (pver.lzymonths)
with high survivorship.

b) Water calcium concentration was an important influence on

yabbie growth, but no such effect was detected for marron.

c) In both marron and yabbies, males showed a superior growth rate

to females.

d) In both marron and yabbies, superior growth occurred under
sldwer water turnover conditions.

e) With marron, superior growth was found with Diet 2 than with
Diet 1 at 21°C C; there was no difference at 25°9C. No
difference in growth due to diet was found in yabbies.

f) Growth of marron fed approximately 4% wet body weight daily did
not differ from others fed twice that amount.

g) Growth of marron at 25°C was superior to those kept at 21°C.
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h) No effects of container size on the growth of marron or yabbies

was detected.

i) No effect of photoperiod on marron growth was detected.

J) Extrapolation from best growth rates achieved for marron
suggested that present minimum legal size (120 g)'could be
reached in about 2 years. Yabbie growth virtually ceased at 50-
60 g after 250 days.

k) Marron food conversion ratios were approximately 3:1 (wet :
weight basis); for yabbiee the figure was 4.7sl.

1)

N ‘,preaant. This was uaing tha criterion "
wre the*geore” for” pond ‘marronwas aignificﬁ%ti ﬁg:_at 3
group of battery marron. There were clearidifferancea_in the :
‘appearance of the live, cooked and aheIledi leah of pond matron
and yabbiee versus battery crayfieh. § RN

PEY
PR

m) We recommend that further research be conducted, beth foliowing
epecifie points from the present work, and aleo.inVeetigating

the practicality of scaling up from the 1 boratc

inveatigation to a pilot production plaht

t.Seaeonal differedcea in the effect'of’photoperiodl!:,:‘}““1 1.
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APPENDIX A: Formulation of diets used in growth trials

DIET 1 (made up, and calculated nutrient analysis, courtesy of
‘ Wesfeeds Ltd, Sevenoaks St., Bentley, W.A.)

Raw material

Percentage by weight
(on "as is" basis)

Wheat 11
Fish meal 10
Soyabean meal 25
Soya full fat 50
Mono/di calcium phosphate mix 4

Calculated nutrient analysis

Nutrient Percentage of dry weight
Crude protein 39.05
Fat 10.33
Fibre 3.82
Calcium 1,22
Total phosphorous 1.52

DIET 2 (made up, and nutrient analysis, courteey of Profeeeor Louis

State University)

Raw material

‘D'Abramo, Department of Wildlife and Fieheriee,-ﬂiaeieeippi

vPercentagg;of“drz4weignt

Sybean meal 25
Fish meal 12
Rice bran 15
Shrimp meal 25
Nutribinder 15
Corn distillers dried grains with -

solubles 4.3
Tuna oil 3.0
Phytosterol prgmixa 0.5
Vitamin premix 0.2

8phytosterol: 8-eitoeterol, 63.2’; campesterol, 32.2%; stigmasterol,

406‘- .

byitamin premix: Thiamin, 1. 01 %3 riboflavin, 1.32% 3 eyrideiiﬁe; PR

- 0.9%; \nicotinic acid, 8.82%; folic acid, 0.22%; vitaminBl2,: 0.001%
pentothenic acid, 3.53%; menadione, 0.2%; ascorbic acid,: 33.07%;

vitamin A, 4,409,200 (IU)/kg; vitemin D3, 2 zoa,soouu)/kgs*-utm c,

66,138 (IU)/kg; athoxyquin, 0.66%.

Proximate nutrient analysis

Nutrient Percentage of wet weight
isture- 139

Ash 10.6

Crude protein 32.3

Fat (acid hydrolysis) 8.4

Crude fibre 4.6

Nitrogen-free extract 30.2






