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ABSTRACT

Penfornance of juvenile crayfish, 0.7-5 g, on a variedy of
commenciald cauastacean feeds was tested under conditiona of
individual housing [ "battery culiuze”/, whene souaces of
additional feed were minimized (detaitus), o eldiminated
{cannibadiaml. Suavivad was close, oa equad, %o 100% over 50 day
test peaiodas, a aeflection of optimad baitery conditions naithex
than feeding, aince suavivad ovea 100 daya for an unfed (contaod!
group was alaso 100%. WNo ecdyaiald moataliiy, oa irauma, Sccuaﬁed
with crayfish, up to 10 g, in comparimenis of azea 75 cm
Gaowth penfoamance in tesits was railed by 4separate natioa fon
ecdyaial increment and frequency, nelative to the maximum growth
rate of ihe species anecorded in previous atudiea. Ecdysiadl
weight increment approached ithe expected 52% on feeds yiedlding
more than one thiad of the maximum ecdysial {requency. Ecdysial
{frnequency on commerciad and expeaimentally bound and enhanced
(vitaminag, proiein ldevedld! aatificiald {eeds was less Zhan 50%
(7-44%) of the maximum zate. Exoskhedletad pigmentaition and
thickness and appetiie declined vvea succeasive ecdyaes.
Thede aymptoma and tesis yilelding highea ecdyaial frequencies
on a atandard naturad diei of earthwoams, on detritad aupplemente-
d antificiad feed, indicated that the aatificial feeds wenre
nuiaitionaddy deficient, vz became 40 rapiddy in sodution.
This problem (s considered to exisi foa benthic decapoda
in genearad, because of thein feeding behaviounx, and appears noi
to have been aesodved by more than a decade of intensive
Aedearch, woaddwide.

I INTRODUCTIOWN

Culture of commercially important benthic crustaceans, such

as penaeid and palaemonid prawns, homarid lobsters and freshwater
crayfish, on artificial (formulated, compounded) feeds is
preferaple, ultimately, to the use of natural foods (e.g.,
Wickins and Beard 1978}. Successful formulation of such
rations for finfish, over the past three decades, has spurred
commercial production greatly, notaply for salmonids (Millikan
1982). Application of similar feed technology to crustacea
over the past decade, or so, has been unsuccessful, except

for larval prawns |Kanazawa et al 1982), despite numerous
studies (Conklin 1580, New 1580). Current culture of prawns
and crayfish relies primarily on natural food chains in earth
ponds, enhanced and supplemented by agricultural by-products,
or stock feeds (Goyert and Avault 1977, Morrissy 1979, Mills
and McCloud 1983). There appears to be some doubt over whether
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more costly, formulated, commercial, crustacean rations offer any
extra advantage (Fair and Fortner 1981, c.i. Maguire and Hume
1982} and they are insufficient as complete substitutes for
traditional natural feeds still necessary at higher levels of
production {e.g., Kuruma prawn farming in Japan). However, the
"ocrustacean feed proplem" has been most acutely confronted, as a
major obstacle to any commercial development, in battery culture
of homarid lobsters where the lobsters are individually housed
and the sole socurce of nutrition in pare modules is, perforce,
the artificial ration supplied (Richards and Wickins 1979, Van
Olst et al 1980}). bDespite intensive research effort, mainly on
Homarzus amenicanus, growth of lobsters has been poor on
artificial diets (Conkiin 1980), until recently {(D'Abramo et al,
1881},

In contrast to finfish, which feed to demand at the water surface
and i1ngest pelletted feeds intact, the dilatcry and masticatory
feeding behaviour of penthic decapods has been recognilzed

as a special problem in feed presentation and durability

(Mevers et al 1970, Meyers and Zein-gldin 1972). Extensive
investigation of pellet pinders (Meyers 1980, Heinen 1981)

has produced long term physical stability, put not long term
chemical integrity (Conklin et al 1978, Goldblatt et al 1979).
Hence, diet formulaticn has tended to rely on the "shot-gun”

approach (Provascli 19763, i.e. speculative inclusion of a wide
range of macroc, micro and trace ingredients, and the "pand-aid"
apprcach (D.£. Capuzzo, pers. comm.)}, i.e., addition of certain

water soluple ingredients in excessive quantities, rather than on
classical nutritional studies.

Testing of artificial rations for freshwater crayfish has
peen limited, employing prawn formulations {(Huner et al 1974,
Tarshis 1978, Huner and Meyers 1979). Both formulation and
rigorous testing of diets is hindered by the natural omnivory
(polyvtrophy} of crayfish, ocver a wide range of food sizes

and types, 1ncluding cannibalism and detritivory (Lormann

ana Magnuson 1978, dMomot et al 1978), and complex selective
and masticatory feeding processes prior to ingestion (Thomas
1978) in common with other benthilic decapods.

In Australia, a recent proposal for the development of a
patented system for pattery culture of the large Western
Australian freshwater crayfish, marron {(Cnesax fenuimanu4), Was
guestioned on the pasis of availability of a suitapble artificial
ration. This paper reports the results of feed tests for this
project carried out at the Western Australian Marine Research
Laporateries during 1982-83% on, mainly, several commercial and
experimental crustacean raticns obtained from overseas. This
exXxpedient approach assumed that general nutritional reqguirements
amongst prawns, lcoosters, and crayfish are similar, an initial
assumption employed previously (e.g., Huner et al 1974, Conklin
et al 1975, Wickins and Beard 1978) and considered to be
reasonaple 1n view of the recognized commonality of the food
proplem for these decapcds (Conklin 1980, Capuzzo 1981). Tests
were carried out in experimental patteries, of a novel design, in
which extraneous scurces of possiple supplemental food were
minimal and carnnipballism was excluded., Therefore, these results
on pare substrates should pe clearly distinguished from those
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obtained elsewhere in ponds, tanks, and aguaria where results
are confounded by the presence of natural substrates accumulating
detrital and other organic material and, in groups, cannibalism.
Superior growth can be expected under these latter conditions
(Bovijerg 1956, Conklin et al 1977, Mills 1979) which prevent
meaningful interpretation of data {(Zein-£ldin and Meyers

1973). Considerable attention has also been given to other
aspects of the methodology of such food tests {(e.g., New 1976)
which have been often open to considerable c¢riticism (Conklin
1980). Readily appraised methods of rating crayfish performance
have been developed, both for comparing tests and, more
importantly, in relation to desirable industry goals.

Comparison of different foods may appear to be straightforward at
first sight, but analysis of the results will be complicated by a
number of other factors which need to be taken into account in
making the final assessment. For example these factors include
the environmental suitability of the battery and water supply for
long-term survival and the effect of close confinement.

IT  METHODS
A.  BATTERIES

Two batteries were employed, each housing 100 crayfish, usually
0.1-% g, in 1ndiviaual compartments (opaque walls), of floor area
100 x 75 mm (75 cm”™) with water depth of 45 mm and with a
separate water supply inlet and bottom take-off outlet (Fig. 1).
Escape of crayfish was prevented, and inspection facilitated, by
close-fitting 3 mm glass covers, 500 x 75 mm, each covering five
compartments and lifted by use of a rubper suction disc. Water
supply from a pore in coastal limestone on the grounds of the
laporatory (analysis, Taple 1} was pumped through 350, 25, 5 um
and carpon filters (Cuno, AMF (Aust.)), a submerged U.V,
sterilizer and heated to 22.5°C. Battery flow-through (non-
recirculating) water supply was adjusted to 50, 75 or 100 changes
of water per day depending on focd type and crayfish size.
Monitored inlet and outlet manifold oxygen levels always
approached saturation. Intensity of fluorescent 1lighting
("Plantlife") in pattery compartments ug%ez two layers of 75%
shadecloth was ¢.1-0.3 microeinsteins m s (LI-185 meter,
Lampda Instr. Corp., Nebraska) on a LD 12:12 daily cycle.

Some additional tests were run on larger crayfish, 5-25 g,
enmploying round, bklack, opague, plastic containers, height 18 cm,
floor area , 375 (5 x 75) cm”™ (Michaelis Bayley Plastics,
Melbourne) and groundwater supply at 50 changes day = and 18-22%C.

B. CLEANING AND FEEDING

Battery compartments were thoroughly cleaned (vacuum pump),

and then the crayfish were fed, every two days, a compromise
(interval) pbetween a test of ration durability and the likely
pulild-up of micro-piota. Exuviae were not removed, a standard
practice (Conklin et al 1975), being consumed 1in preference to
food within three days of ecdysis. Because of variability in the
free water content of different feeds (=10-90%), feeding rate was
calculated as dry weight of feed per unit wet weight of a test
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group of crayfish and recalculated weekly from observed growth
(initi1al wet weight plus calculated ecdysial increments). The
total amount fed to a group on a particular occasion was
apportioned to individuals on the basis of size and proximity to
recent ecdysis. For artificial rations, a feeding rate of
approximately 5% per unit body weight per day was usually pursued
te.g., Conklin et al 1975, Huner and Meyers 1979, Capuzzo 1981).
The actual feeding rate given in a particular test was finally
calculated as a daily rate from the total dry weight of food
actually fed expressed as a percentage of the mean of the initial
and final measured wet weights of the crayfish.

Cc. FEEDS

QOverseas rations were optained soon after mid 1982 and stored
frozen. Sources of these rations are given in Table footnotes in
the Results, together with references to use in other feed
studies and formulations:; details as to closed formulations are
availaole to varying degrees from the respective manufacturers.
ICI "Pruteen'" powder was alginate-bound as described below.
Experimental artificial rations employed powdered Ralston Purina
experimental marine ration (RP M25) as a base. RP M25 is the
most widely used commercial pellet for crustacean feed although
highly unstable and subject to severe "leach-out" in solution
(Farmanfarmaian et al. 1982). To this base was added 7.5% soy
lecithin (Nutralife), 1% cod liver oil (Faulding), 0.1% sodium
ascorbate {(Golden Cross), 1% multi-vitamin mix (Myadec), and an
attractant 0.5% trimethyl ammonium hydrochloride (Dr B.A. Pierce,
University of Hawaii at Manoa, pers. comm.). Protein content of
some batches tested was increased to approximately 40% with
"Pruteen" powder (75%) and Spirulina (71%, Meadow Croft).

Batches were pbound with 2.5% sodium alginate, either Kelgin HV
(Kelco Corp, San Diego, CA) or Manugel GMB (Kelco/AIL Int.,
Granville, NSW) with 1% sodium hexametaphosphate (BDH) as a
sequestrant. The dough mixture (= 55% water) was extruded (2,3
or 4 mm orifice), cut into pellets, dried partially, gelled in a
CaCl, solution (0.1-2%) for 30s, oven-dried overnight at 40°C to
abou% 20% moisture content and frozen. In practice, this
alginate pinding method (e.g., Meyers 1980, Farmanfarmaian et al
1982) is dependent upon partial drying before gelling and the
CaCl_ strength for successful gelling. Batches tested were those
showing stability for two days in a simple beaker test (Tarshis
1978). Brine shrimp eggs were decapsulated as described by Royan
(1980). Az a standard, or reference, natural diet compost tiger
worms {(Eidenia foetida) were cultured in water-saturated peat
moss and fed dried horse manure,

D. TEST CRAYFISH

Juvenile test crayfish were bred annually from domestic stock
at the Pemberton Fish Hatchery, as described earlier by Morrissy
{1976). About 500 newly-released juveniles were transported

to Perth (23 Dec. 1981, 1981-82 year class; 11 Jan. 1983,
1982-83 year class) and held in a tank, 1.5 x 0.6 X 0.4 m,

with a sand bed filter, a bunch of synthetic weed for refuge,
one exchange of groundwater (18-22°C) daily and fed sparingly,
weekly, on the variety of natural and artificial test feeds.
Battery rearing of newly-released 1981-82 juveniles suffered

-8



a 21% loss during the first 3 weeks due to escape and initial
handling of small (=0.04 g) individuals close to ecdysis

and, including the supbsequent early rearing of the 1982-83

year class from 18 epb. 1983, observation of individual ecdyses
was too incomplete. Therefore, feed tests were commenced

on juveniles approaching 1 g in mid July 1882 and 0.5 g in

late March 1983, Groups of crayfish used in one set of
concurrent tests were usually reused in subsequent tests,
sometimes with an intervening period on a "reviver" diet of
natural food. Pre-history of feeding was recorded for each test.
Initial and final individual live weights of crayfish in each
test were recorded to the nearest 0.01 g (Sartorius 1100) after a
standardized drying procedure.

Eia CRAY:" i PERFORMANCHE
Readily appraisapble test criteria were for survival,

final/initial numper of marron, and for the ecdysial (moult)
growth increment and ecdysial frequency, two ratios developed as

explained in Appendix I. The ratio for ecdysial increment, shown
in subsequent tapbles, was the actual test weight increase due to
moulting divided by the normal value from previous results. The

ratio (F) for ecdysial fregquency was the opserved rate of
moulting divided by the rate expected from the maximum growth
rate of marron (Fig. 2, see Appendix T). Thus the highest growth
performance i1n tests would pe given by ratio values of 1 and
poorer results would pe shown by values of less than 1.

ITT  RESULTS

A, SURVIVAL

Survival in all tests was equal, or close, to 1.00 (e.g. Tables
2,3 and 4). Usually a survival rate of over 0.90 in short

term tests employing artificial feeds has been regarded as

an encouraging result with other juvenile decapods. For
example, by comparison to rates of 0.50, or less, shown by
initial feed tests on lobsters (Conklin et al 1975). However,
unlike battery cultured lobsters, short term survival of marron
was unrelated to feeding as shown by a survival rate of 1.00

for an unfed control group over 100 days (Test No. 49, Table 2).
While the projected estimate for annual survival over 29 tests,
welghted for varying test durations, was 0,995, it is extremely
improbable that this rate would be sustained for one year on the
present artificial feeds, see below. These short term high
survival rates are a measure of the highly favourable physical
and chemical conditions provided by this battery system. In this
connection, emphasis should be given to the absence of mortality,
or trauma, associated with ecdysis, especially with the largest
crayfish, - up to 10.2 g, confined in smooth floored units

of 75 em”® in area. Deaths almost invariably occurred amongst
the smaller individuals in the test groups. For the 10 deaths
in all tests to August 1983, mean size was 32% (13-55%) by
weight of the test mean size. Recorded deaths would also have
included any possiply associated with (rare) waterflow
interruptions.



B. GROWTH INCREMENT

This performance criterion, i.e. taking a weight increment®of 52%
as unity, ranged down to (.80, representing a mean individual
welght increment of 22%, for commercial rations {(Table 2), but
was generally higher and more consistently close to unity for
enhanced and pound experimental rations (Table 3) and natural
feeds (Table 4). Growth increment following ecdysis has been
observed previocusly in the field and laboratory to vary down to
close to zero for individual ecdyses and may be markedly
depressed for groups such as post-spawning females (Morrissy
1976) and those subject to lowered oxygen levels (Morrissy 1974).
However, the present variation shown through Tables 2,3 and 4,
and in association with the results for the ecdysial frequency
criterion, F, (next section), appeared to be related to food
types. This aspect, and the assumed value of 0.52 for the
individual growth increment, was examined from the pairs of
initial and final individual weights from the tests corresponding
to 0,1,2, or 3 ecdyses per test. This analysis (Table 5 and Fig.
3} is detailed in Appendix II. In summary, the mean growth
increment at ecdysis was approxiwately 52% by weight for tests
in which the moult rate was more than 30% of the maximum rate,
i.e. F>0.30.

C. ECDYSIAL FREQUENCY (Moult rate)

Values of the ecdysial fregquency criterion, F, for commercial
and overseas experimental artificial rations varied from

0.41 down to 0.07 (Table 2). The assumption, employed to

derive this criterion, of a constant rate of ecdysis by each
test group, was less than completely fulfilled to varying
degrees on these feeds. Ecdysial freguency tended to decrease
through each test with an accompanying decrease 1n observed

food consumption. With successive ecdyses, individuals progress-
ively lost exoskeletal pigmentation, developing a bluish
appearance, and the exuviae became paler and more fragile,
changes descriped in other species (Beattie 1972, Conklin 1976,
Huner and Meyers 1979). Loss of appetite has been taken as a
classical symptom of a dietary deficiency in studies of nutrition
(Conklin 1976). The extreme illustration of this symptom occurred
on LUV dog feed, a bound product, with a misleadingly high
initial acceptance by the crayfish, Crayfish fed LUV were taken
initially from the communal stock tank and tested over two
consecutive 50 day periods followed by a period on earthworms
{(Fig. 4). Figure 4 also shows the influence of previous feeding
history in inducing a‘*certain degree of cyclic group ecdysis and
the rapid response of crayfish to a faveourable change in diet.
Tabulation of observed ecdyses to allow ready summation of the
weekly rate of ecdysis by a group during testing was later
adopted as a valuable accessory criterion.

The performance of crayfish on Ralston Purina crustacean
ration was not improved by lecithin, protein and vitamin
enrichment and alginate binding, taking into consideration
variation in container size, see later {(Table 3).

A number of natural feeds were tested, of which cultured
live earthworms were the most convenient and successful standardd
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or reference, feed (Table 4). Together with brine shrimp, the
standard, natural, control feed for lobster culture experi-
mentation in the USA, (Rosemark 1978), worms had a high,
continuing level of acceptability by crayfish at each feeding.
Tests using cubes of peef liver, prawn tail meat and decapsulated
prine shrimp eggs were discontinued after five days because of
almost zero consumption and rapid decomposition at 22.5°C, Beef
liver has peen an acceptable maingenance diet for larger marron,
>30 g, housed individually at <20°C (Morrissy unpublished
results) put may be too fibrous for shredding by O+-group marromn.
The limited and infrequent commercial availability of imported
prine shrimp precluded extensive use.

farthworms were availapble in sizes from 0.05 to 0.35 g so

that live, whole worms could pe suited to crayfish size.

Fed at an overall daily rate of 1%, live, whole worms were
consurmed completely by intermoult crayfish within a few minutes
of feeding. Worms fed on alternate days at this rate gave F
values comparaple to the best commercial rations fed at 5%, but
rarely completely consumed. The live weight of worms fed at 1%
exceeded the fresh weight of artificial rations at 5% because of
dissimilar water content (Tables 2 and 4). Higher overall rates
of feeding of worms could not be achieved on a two day feeding
pasis pecause of escape of live worms (or decomposition of

chopped-up worms) . However, by feeding worms more frequently, F
values of 0.52 and 0.60 were optained at overall feeding rates of
1.8% and 2.6%, respectively. Consumption was rarely complete and

feed dry matter consumption may have been limited by the large
bulk cue to the high water content of worms and other natural
feeds (Taple 4). In practice, rates of feeding on natural
feeds via more frequent feeding were also limited logistically;
for feeding twice daily, 82% of the potential number of feeds
were carried out and for three times daily, only 61%. These
results were sufficient to support the contention that the
present artificial feeds were deficient nutritionally, or
pecame so 1n solution.

B, LIMITING £ACTORS
{i) Continement

However, pesides a nutritional deficiency some other
limiting factor may have peen present in these tests,
possioly wattery confinement identified previously for
crayfish and lobsters (Shleser 1974, Goyert and Avault 1978,
vVan Olst and Carlberg 1978). This factor has been commonly
expressed as container floor area (Shleser 19874), 1.e.
physical confinement, rather than as water volume, i.e.
water quality. This aspect of water exchanges per unit time
nas not been investigated in relation to unit size (D.E.
Conxklin pers., comm. ). In the present study, water exchange
rate was set very high for this reason and was increased
with increase in crayfish size through the tests. 1In
lobsters and other crayfish, mortality has peen reported as
a consequence of increasing confinement often pefore
reduction in growth is apparent (Goyert and Avault 1978,
Wickins 1982) but this trend could not be implicated

in these marron studies. With increasing confinement with
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increase in crayfish size, a decrease in the individual
growth increment might be expected due to physical impedance
during ecdysis. However, there was no tendency for a
negative relationship between the growth increment ratio

Wi l/wi and size of grayfish over the individual size range
oti*to*20 g in 75 cm™ units. For ecdysial frequency, a
direct test between two groups of crayfish, of similar sizes
and fed the same fogd, gave F values of 0.29 and 0.37 for
unit areas of 75 cm™ and 4 x 75 cm”, respectively (Test Nos
22 and 23, Table 3). These F values were not significantly
different (P=0.11) put with a larger sample size, i.e. 33
instead of 20, may have been just significant at the 5%
level since the variances were homogeneous (see later

statistics). Comparison of other tests, not run
concurrently, where container size was varied, indicated
a similar small influence (Table 3). If this factor is

multiplicative, rather than additive, its influence could be
of major importance at F values exceeding 0.5, but this
possipility is not indicated by comparison of test Nos 5 and
26 (Table 4).

The unfavourable influence of increasing confinement with
growth in size has been shown to operate from a small
initial size of crayfish and not as a threshold (Goyert and
Avault 1978, Richards and Wickens 1979). Shape of the floor
area apparently is not influential (Schleser 1974),

However, attempts have been made to quantify the relation-
ship container areg, CA, to total body length, TBL, in the
form CA = (k. TBL)". Values of k have been indicated as 3
{(Van Olst and Carlberg 1978), 2 (Richards and Wickens 1979)
or 1.7 (Aiken and Waddy 1978) for lobsters.

Some practical perspective on this aspect for the present
study and marron battery culture cay be seen by considering
a likely lower limit to k, asZ(TBL) , 1.e. k=1, and an upper
limit as (antennal span, AS,)”, i.e. k=2.4 (Fig. 5). Goyert
and Avault (1978) observed that no crayfish grew larger (in
TBL) than the diameter of a compartment. TBL =2.8 OCL{cm)
and AS was measured with the antennae at right-angles to the
rostral length, fop sizes from 0.5 to 200 g, giving AS=6.5
OCL(ecm). 1In 75 cm” units k=1 corresponds to a crayfish size
of 1.7 g and k=2.4. to 22.5 g (Fig. 5). Various tests
conducted on crayfish below and above 1.7 g showed no marked
difference which could be attriputed to the presence of such
a physical threshold to explain the poor growth performance.
Considering that a practical density of c¢rayfish an a
pattery cultufg may need to be greater than 20 m -,

c.f. 2.5-10 m for semi-intensive communal pond culture
(Morrissy 1979}, at 120 g the _corresponding density for k=1
1s 44 m © and for k=2.4, 8 m “ (Fig. 5).

(i1 ) Nutrition

Within the framework of tests employing commercial and, more
especially, experimental artificial rations (Tables 2 and
3), various nutritional factors varied, or were varied, and
some additional tests were carried out seeking a marked
improvement in F values, i.e. to greater than 0.50.
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Stock Ralston Purina M25 fed twice daily instead of every
two days did not yield a significant increase in F value
(Tests 8 and 11, Taple 2). These pellets are subject to
rapid physical disintegration in solution (Farmanfarmaian
and Lauterio 1979). In addition, if decomposition, or
leaching, in solution caused deterioration in the integrity
of the ration, an increase in performance might have been
expected, although first order leaching is extremely rapid
(Goldblatt et al 1980, Cuzon et al 1982). An exXperimental
ration coated to reduce leaching had an extremely low level
of acceptability to the crayfish (Test 10, Table 2). The
so-called "pand-aid" approach to offsetting leaching losses
py heavy vitamin supplementation (D.E. Capuzzo, pers. comm. )
was also ineffectual (Table 3).

There was considerable variability in the gross protein
content of various artificial feeds, noting, especially, ICI
Pruteen at 75% (Table 2). The protein level of experi-
mentally bound Ralston Purina M25 was increased for a number
of tests to approximately 40% without any marked improvement
(Taple 3). This commercial feed has been appraised by
Farmanfarmaian and Lauterio (1979) as having a near balanced
amino-acid composition. An apparently high protein
requirement on artificial feeds, has been ascribed to the
need to compensate for amino acid imbalance. Huner and
Meyers (1979) indicated that gross protein requirements of
juvenile crayfish were in the range 20-30%, from tests in
the range 19.6-46.0%.

Loss of appetite during tests on artificial feeds was most
likely an indication of development of a nutritional
deficiency. However, the possibility that this, and the
generally low acceptapility of artificial feeds, was due to
a pehavioural habituation to an unvarying diet, apparent in
lopsters (Rosemark 1978}, was tested by daily feeding of
three foods in rotation, 1.e. brine shrimp, bound Ralston
Purina, and worms (Table 6). Overall feeding rate was
reduced, perforce, to 1.9%, although these foods wgre fed To
their respective, practical, daily limits in 75 cm units.
There was no marked increase in growth rate although
crayfish fed previously on brine shrimp showed a
significantly higher F value than those fed previously on
artificial feed alocone.

A noticeable effect of feeding live earthworms to marrcrn was
their retention of exoskeletal (shell} pigmentation. Marron
fed on food of wholly animal origin, e.g. beef liver, lose
pigmentation, becoming a pale bluish colour, through several
ecdyses similarly to those fed formulated food. This
suggested that plant detritus in the gut of worms, could
provide shell pigment. The primary feeding of crayfish as
detritivores in nature also suggested the desirability of
testing some form of detritus - as a supplement to
artificial diets - although the culture of detritus is
difficult (Newell and Fell 1975). Various tests were
carried out using bed material taken from worm culture
boxes. A substrate of a layer of 3, or 5, mm dia. glass
peads was provided in each crayfish unit. About 5 g fresh
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welight of the "detritus" was added to each unit weekly,
after suction removal of most of the remaining previous
material. Intact, pelletted feed was removed every two
days, without disturbing the substrate, before refeeding.

The first set of concurrent tests on crayfish, taken from
the stock tank, yielded an F wvalue for detrital supple-
mentation of 0.56 pbut this value was not significantly
different from that for pellets alone (variances
homogeneous) (Tests 29 and 30, Table 7). The second set,
(Tests 34 and 35) almost contemporary with the first, above,
employed a smaller size of glass beads as substrate and
gave an F value of 0.69 which was significantly higher than
that for pellets alone (P<0.001, variances non-homogeneocus}.
A third set (36 and 37), continuing with the same crayfish,
showed a low growth rate on either pellets or detritus,
alone. All these tests employed the same worm box material,
of 3-5 months age, composed initially of soaked peat-moss
and dry manure (1:1) with the worm bed fed subsequently with
dry manure, sparingly at weekly intervals. The subsequent
set of tests (38-1) and (39-1) employed a fresh worm bed mix
of 100% manure in an endeavour to heighten the effect of
detrital supplementation. However, the opposite effect
occurred (F=0.27); over the first four weeks of the tests
crayfish performed somewhat better on the supplemented diet
put then their weekly rate of ecdysis declined markedly

(Fig. 6). This poor performance persisted until the
last of seven weeks in subsequent tests (38-2 and 39-2)
where both previous groups were fed worms (Fig. 6). These

results indicated a chronic toxicity derived from the
enriched "detritus'"; sulphide staining of the PVC outlets
and odour was noted.

A most noticeable result of these tests was retention of
exoskeletal pigmentation by crayfish fed detritus, in
contrast to those fed artificial pellets alone. Even more
striking was the regaining of near normal, dark coloration
by crayfish initially pale after previous feeding solely on
artificial food. This change occurred in test 39-1

- following one ecdysis.

Thne worm and detrital diets and other factors supported the
rating of marron performance on artifical food as poor.
However, unlike the growth increment criterion it was not
possiple to validate fully the absolute basis for F values,
i.e. the maximum growth rate curve,but some partially
supporting analyses are detailed in Appendix III.

IV DISCUSSION

In an applied context, the present results confirm the
inadvisapility of capital intensive development of battery
culture of marron at the present time - at least on the basis of
availapility of a suitaple artificial food, or feeding method.
As support for this conclusion, attention should be drawn to the
intensive research effort, over more than a decade, on #.

amend canus with the aim of estapnlishing commercial battery
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culture. Van 0lst gE al (1980) observed in review that -

"The lack of a suitable artificial food ration is the greatest
single deterrent to commercial lobster farming at present.” - and
others have expressed similar concern (Conklin 1978, Richards
and Wickins 1979). This applied problem has been less acute for
commercially important prawns and freshwater crayfish; extensive
or semi-intensive pond culture circumvents direct, or total,
reliance on any artificial feed employed (Conklin 1978).

(However, the magnitude of research efforts on artificial diets
for prawns greatly exceeds that for other decapods (New 1980)).

In a research context, aside from evident problems of feed
testing methodology, there appears to be a common problem
hindering all the considerable efforts to date to define

the nutritiocnal requirements of benthic decapods. In reviewing
lobster nutrition, Conklin (1980} emphasized the paucity

of knowledge for decapods as a reflection of this general
problem.

Obscuring this problem is the difficulty of rating growth
performance in many studies where feeds are compared. As

shown in the present study, statistically significant differences
in growth performance can be demonstrated by suitable choice

of sample number and test duration; however, the highest
performance on artificial feed was mediocre when objectively
rated. The present results for marron on a range of artificial
feeds are remarkarly similar in this regard to those presented

by Conklin et al (1975) from similar initial tests on lobsters.
In the latter tests, weight increases on artificial feeds ranged
up to 40% compared with that on live brine shrimp which was
considered to give a desiraple (1f not maximum) growth rate.
Ssubsequent tests on more recent artificial lobster diets
appeared to yield only minor improvement in growth over the best
of the i1nitial diets when so rated (Conklin et al 1980), out
D'Abramo et al (1984) appeared to have achieved a marked increase
(v80%). Similarly, Huner and Meyers (1979) rated the growth of
Procambarus clarkii on artificial diets in battery tests as
comparable to that of populations under austere natural
conditions.

Because of the growing academic and commercial interest in

the Australian freshwater crayfish fauna (Morrissy 1984),

it is opportune to bring '"the crustacean food problem'" to

the attention of both researchers and culturists. Implications
for conducting and reporting growth studies in laboratory
aquaria are obvious. Of equal concern is the use of crayfish
for picassays for which it is essential to define and maintain
a standard physiological condition (Seidel et al 1980).

For culturists there are important 1mpllcat10ns in management,
for cost-effectiveness, presented by the choice of pond feeds
ranging from low cost agricultural feed and by-products to
more expensive formulated feeds.

V. CONCLUSTONS

(i) The experimental system - of individually housing of
marron, treatment of the water supply and regular
cleaning - provided for rigorous testing of the

nutritional value of artificial feeds.
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(11)

(114)

(1iv)

(v)

(vi)

(viil)

(wviidi)

The battery employed, while very saltisfactory for
research purposes, should not pe taken as a prototype for
any large commercial unit. rfor example, a large amount
of lapour was invelved in manual feeding and cleaning
and the recording of the progress of the marron even

for two hundred individuals.

Survival was very high in these short term tests.
However, the survival rate of 100% for a contreol (unfed)
group over 100 days showed that this result was unrelated
to feed put rather to the excellent conditions provided
by the research battery. Use of the present artificial
feeds over a longer term would probably result in
excessive mortality due to nutritionegl deficiencies.

The normal growth (moult} increment of marron, 52%
py weight from previous results, cccurred in tests
where the moult rate exceeded 30% of the maximum rate.

The moult rate was less than 50% of the maximum rate

on all artifical feeds and very low on socme. Live
earthworms, fed frequently, and detrital supplementation
of artificial feeds produced higher moult rates although
feeding on these diets was limited by various factors.

Close confinement of marron in pattery units did not
appear to affect survival, moult increment or the
moulting process. This result may have been due to

the high rate of water exchange through the battery,
1.e. high water quality, particularly for oxygen levels.

Symptoms of nutritional inadeguacy produced by use
of artificial feeds were loss of appetite, declining
moult rate and ioss of shell colour and thickness
over the course of a test. Detrital supplementation
appeared to overcome or prevent loss of shell colour.

These tests on a range of the best known commercial
and some experimental artificial feeds for Crustacea,
did not identify any as suitaple for intensive battery
culture of marron. Until this generally recognized
feed propblem for Crustacea is overcome at a research
level, investment of capital in battery culture is
inadvisaktle.
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TABLE 1: WATER ANALYSIS; SAMPLE TAKEN 30 JUNE, 1983,

pH 8.0
-1 a
Kyg mS m | x 10 1930.
T.D.S, 1040.
Total hardness 340,
Total alkalinity 150.
S 82.
Mg2 ' 32.
Na™* 2510
Kkt 13.
2._

<
o, 2.
HCOS_ _mg/% 183,
c1l~ 4473,

2_
So4 100.
NO 13,
. 2—
5102 17.
F~ 0.6
D

7zn (total) 0.02
Cu (total)b

0.002
Fe {(in soln)C <0.05

a. 2920, 17 June 1982; 2370, 29 January 1983;

b. 17 June 1982, . c. 20 December 1979.
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- TABLE 2:

COMMERCIAL AND OVERSEAS EXPERIMENTAL ARTIFICIAL RATIONS;
FED ON ALTERNATE DAYS,

Rangen Inc.

P.0, Box 706, Buhl,

"Meyers" prawn feed. Ref.,

(% protein

Farmanfarmian et al (1982}.

Ralston Purina Co.

Capsulated Systems Inc.,

S0 DAY TESTS,
EXCEPTIONS FOOTNOTED .

33 CRAYFISH,

Idaho 83
Tarshis (1978

Chequerboard Plaza, S

316,

)}, Huner and Meyers (1979).

t Louis,

MO 63188,

L - DAILY MEAN GROWTH ECDYSTIAL
= i FEED CRAYFISH SURVIVAL  INCREMENT FREQUENCY
: RATE % WEIGHT g RATIO RATIO (F)
3 b Luv, mince 66.8 2.5 1.33 1.00 0.80 0.41%
g Luv, mince 66.8 4.4 1.74 0.97 0.83 0.07°
4 2 Rangen 3/8" 89.0 2.7 1.63 1.00 0.89 0.31
8 3 Rrp M25 93.2 4.9 1.60 1.00 0.99 0.26
11 RP M25 93.2 5.8 1.77 1.00 1.00 0,32°
10 4 RP M25, coated 90.9 5.3 2.11 1.00 0.92 0.07
16 5 Soya, 969R 91.3 4.5 2.52 1.00 0.95 0.22
18 ® Nippai, H.P. 88,5 4.7 2.93 0.97 0.97 0.14
19 7 Aqualim 93.7 4.5 3.13 1.00 0.99 0.14%
20 ® Nippai, ©3 89.9 5.0 2.88 0.97 0.97 0.08
27 8 Pruteen, bound 61,0 8.0 0,52 1.00 0.92 0.27%
28 ° Lobster, Az 88.8 8.6 0.59 1.00 0.94 0.30°%
49 {Control = 0.0 4.72 1.00 0.87 0.192
(Control - 0.0 5.07 1.00 0,98 0.00
i Luv Petfoeds, Sunshine Rd, West Footscray, Victoria 3012, (% protein = 18.0)
Ref., Professor W.T. Momot, Lakehead University, Thunder Bay, Ont, P7B SELl. (pers. comm.}.
2

(% protein = 32.4)..

Experimental marine ration.

= 25.,0).Ref., Fair and Fertner (1981), Farmanfarmaian and Lauterio (1979),

P.

0. Box 1351,

Ref., Goldblatt et al (1980).

Central Soya,
Low solubility,

Nippai Shrimp Feed Inc.,

Aqualim-GIEERNA,

33—

1200 Bank Bldg, Fort Wayne,
prawn pellet.

(% protein

9 Moriya-cho,

Vigala Centre Technique,

Fairborn, Ohio 45324.

= 25,0).

Kanagawa-ku,

Indiana 46802,

Yokahama 221,

BP6, S5t Andre-de-Cubzac,

Japan.

France,

I.¢.I. Ltd., Ag. Div. P.0. Box 1, Billingham, Cleveland TS23 1LD, U.K.

Single cell protein powder.

Oceanogr.
Test days,

10 crayfish,

1-50.

Experimental lobster diet.
Inst. MA. 02543,

bTest

(% protein =

D.F. Leavitt, Environ. Syst.

(% protein =

days 51-100.

75.0).

28.1).

cFed twice daily.

2

42 day test, unit area 2 x 75 cm”.

-23-

Lab.,

d

Woods Hole,

Macrobrachium ration.

42 day test.
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GROWTH INCREMENT: REGRESSION COEFFICIENT FOR FINAL

TABLE 5:
WEIGHT ON INITIAL WEIGHT AND EXPECTED COEFFICIENTS
FOR 1, OR MORE, ECDYSES BASED UPON A GROWTH INCREMENT
OF 0.52 BY WEIGHT.
SAMPLE NO. OF COEFFICIENT EXPECTED
NO . ECDYSES (£ S.E.) VALUE
*Hhi
259 0 1.045%0.0025 1.00
809 1 1.493%0.0043 1.52
*h%k
159 2 2.211%0.0295 2.31
11 3 %.356£0,2182 n.s. 3.51

*x%  P<0.001
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TABLE 6: DAILY FEED VARIATION: 99 CRAYFISH WERE FED ONE OF THREE
RATIONS EACH DAY IN ROTATIOQ: BRINE SHRIMP, BOUND AND
ENHANCED RALSTON EURINA M25~ AND WORMS. OVERALL DATLY

FEEDING RATE 1.9% . PERIOD 50 DAYS: SAMPLE NUMBER, THREE
SUBGROUPS OF 33 WITH DIFFERING PRIOR HISTORIES OF
FEEDING.
PRIOR TEST FOOD, GROWTH ggg;gé;gY
TEST FEEDING RATE, SURVIVAL INCREMENT RATIO
NO. AND F VALUE " RATIO (F)
. *
31 Bound RP M25; 2.5%; 0.26 1.00 1.01 0.22
32 Soya, 969R; 4.5%, 0.22 1.00 1.03 0.29
. *
33 Brine shrimp; 2.3%, 0.30 1.00 1.05 0.35

Units cleaned every second day before feeding RP M25.
Worms: brine shrimp: RP M25 - 1:2.4:4.6 (dry weight).

o
~

0.35 >0.22, P <0.01 (ANOVA).

=27~



wo g/ X 2 '‘eBaJde JIun

z m
v1°0 S6°0 00" T sz 05 15% 1°1 SuLIoM o768
L2°0 10°T 96°0 5z 05 8z'2 I°1 swaom L2-8%
L0 660 ¥6°0 05 0S Ly*T G g+3 1-6¢
12'0 %60 860 05 05 11 Gy 3 I-8¢
510 880 860 0S 05 88 °0 s a LS
220 L6°0 86°0 05 05 26°0 6°G a 9¢
69°0 LO'T 00° 1 0T 0z ZLT0 0°9 a+ ¢
POCROEEE C ety BT 00° T 06 35 950 9°9 q ve
950 680 00°1 o1 zv B0 6" Y a+d 08
*StuU
Z7 ') 06°0 00° T 01 zy 65°0 0L g 262
6
L L] * ON ( SAYA) ﬁerwz ﬂhﬂh " ON
OTILVH 4 BzmwmwmmH LIS 1AWV S JOINEd  HSIJAYHD ONTAHAAS EERR LSAL
NY W ATIVA

k *gavdd VI WW £ ‘SLSElL HAHLO
'ALVHLSENS dvHd SSYTH CYId WW S ‘0% ONY 62 SLSIL "aALLAYIVHE SILSAL LNFHUNONOD
"GZIW YNIHNd NOLSIVY gADNYHNH ONY aNNOg = J *SNALIYHLEd = d  "NOILVINIWITddNS TYLIHLAd L dTEYL

-28-



TRBRLE B: SAMPLE NUMBERS FOR VALUES OF 95% CONFIDENCE
LIMITS (*) FOR F (n,) AND THE MINIMUM DIFFERENCE
FOR SIGNIFICANCE BE‘:IL'WEEN F VALUES AT THE 5% LEVEL
OF PROBABILITY (nz),

.02 - 144 288
.03 | 64 128
.04 o | 36 72
.05 i : 2 46
.06 o, '1éJ;_ 32
.08 i ' | 9 18
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Fig. 3 Histograms showing the frequency of test values

for final/initial weight for individuals ecdysing
zero (E=0) and cne time (E=1), grouped for test
ecdysial frequency ratio values F<0.3 and >0.35.
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Fig. 5. Relationships between battery unit area and crayfish
size Eased upon (total body length}”™ and (antenrail
span) .
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observed, test, intermoult

duration, d , and its estimate, the reciprocal
oglthe numbeéey of recorded ecdyses per week per marron,

E

Relationship between the mean,
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Empirical curves (freehand) derived from Multiple
RAnge Tests on values of the ecdysial frequency
ratio, F. Curves represent boundaries distinguishing
F values, significantly different at the 5% level

of propability.

-37-



5[ 029
(a) 05 g
g
B 29
@ 5
o 3 g
=)
. 10g
=S ok
o
=
0
1_ //Sg
ﬂ 1 1 1 L | i | L | d
700
(b) 0-2g
6001 0-5g
—— & 1g
0\0500
a
0
£
£ Lok
£ 300
= 5@
a
2
5 200F
&
10g
1001
///509
ﬂ 1 1 1 1 1 1 1 1 1 |
0 01 g2 03 04 05 06 07 0-8 09 10
F
Fig. 9. (a) Number of ecdyses and (b) relative weight increase

(%) per individual corresponding to F values for
50 day tests. An ecdysial increment of 0.52 by
welght was employed fcr F>0.3.

_38_




APPENDIX I - Growth performance ratios

Available moult increment data, O+-group (0.4-7.5 g, n = 120 and
l+-group (13-113 g, n = 57}, consisted of measurements of
eye-orpit carapace length (OCL), 1. cm, for successive inter-
moults, 1, on exuv%ae (0+) or individuals (1+) from marron housed
individually at 20 C and fed natural foods (Morrissy, unpublished
results). These gave the relationship 1. = 1.1540 1. -

0.0039 (r = 0,47, P<0.001), constrained téa Pealisticlorigin of
{0.40, 0.35), for the first post-release ecdysis observed from
sample length-frequency distributions of pond-bred marron
(Morrissy 1976). This so-called Hiatt eguation (Kurata 1962) has
pbeen used in preference to a logarithmic one (Mauchline 1977).
Length was converted to body weight, w. g, using the equation w,
_ 0.74068 1_2.98932 pevised from thatlused previously for marrdn
(Morrissy 1$70) by addition of data down to ©.10 g (-578 g, n =
381) with the carapace length of O+-group marron smaller than 0.6
g (weighed to 0.001 g} measured micro- scopically (x12) rather
than by vernier caliper. From The twoe equations above, the
relative increment A Wi/wi’ calculated py integration, increased
non-iinearly from 0.49 to 0.53 over the range 0.04 to 120 g. A
single value of 0.52, appropriate to the test sizes of marron,
was adopted to facilitate numerous individual test computations
{overestimation at 0.04 g, 4%; underestimation at 120 g, 1%).

A food test criterion for growth increment, with an expected
value of unity, was calculated as the observed final mean

weight of crayfish divided by the calculated final weight
expected from a 52% increment after each ecdysis. Since

the number of ecdyses for an individual was low (3 or less},
ambiguity was rare in inferring unrecorded ecdyses ( <10%). This
criterion can be expected to vary about unity, and is linearly
related to the mean individual growth increment. Bult where the
ecdysial weight increment differs consistently from 0,52, the
value of ratioc de?ends upen the number of ecdyses, 1, according
to [(1 + I)/1.52] , where 1 is the actual increment. For an
increment less than 0.52, the ratio will progressively decline
through successive ecdyses.,

For an ecdysial frequency (moult rate) criterion, the maximum
growth rate of marron from parental release was taken as 120 g
over 12 months, A mean size of 120_.g over 143 months has been
recorded at very low density (1/10m”) in a farm dam where growth
was slowed over winter (Morrissy 1974). Taking 120 g as a
starting point, values of Awl were back-calculated threough 19
ecdyses down to an initial rélease size of 0.04 g. The
intermoult periods, d. days, between these ecdyses, 1 = 1, ---19,
were then calculated trom the eguation d. = d. + [Aw. (365-19d_ )/~
120] pased upon the simplistic assumptio% tha% d. and Aw. (orlw )
are linearly related. Thne value of d, was taken' provisionally
as 10, rather than 5 or 15, pased, as before, on post-release
gize-frequency distriputions of pond marron. The resulting
growth curve (Figure 2) agreed well with early pond growth

of marron over the present test size range, and conformed in
slope at larger sizes with previous field growth curve
estimations (Morrissy 1974, 1980) which do not fit a geometric
model , noting that the maximum size of marron approaches 2000 g.
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For an ecdysial frequency (moult rate) criterion, F, of range
zero to,unity. (maximum frequency), the mean numper of ecdyses
marron - day = for each test, E, was divided by 1/d., with 4.
corresponding to the mean weight of test crayfish. “That is, the
mean intermoult period for each test was estimated by 1/E on the
assumption that the rate of ecdysis per unit time was constant
over the test period. The F values presented, and employed in
Multiple Range Tests (Duncan 1955} and ANOVA (Sokal and Rohlf
1969) were calculated as above, employing the frequency distri-
bution for numper of ecdyses per individual crayfish, allowing

a variance to pbe given to each F value.
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APPENDIX IT - Statistics and validation relating to the growth
increment ratico

From simple linear regression analyses of final weight on
initial weight, the coefficient was significantly greater

than the expected value for zero ecdyses and significantly
less for one and two ecdyses (Table 5). For zero ecdyses,

the 4.5% weight increase over the course of a test probably

is due to replacement of water uptake at the previous ecdysis
py denser body tissue and organ growth during intermoult.
Because of this weight gain, test growth increment ratios
calculated for crayfish showing one, or more, ecdyses per
test, tended to pe slightly less than those reported, calculated
by including crayfish which did not ecdyse. (A further factor
adding to this discrepancy is the weight loss represented

by the uneaten chela of the exuvium following ecdysis).

These aspects highlight an interesting methodological, but

in practice trivial quantitative, problem, that of defining
and obtaining a true measure of growth increment.

Taking the wider-ranging test values of the ecdysial frequency
criterion, F, as a more obvious measure of the influence

of food type on growth increment, the intermoult weight gain
was expressed by the multiple regression equation:

W. = 0.067 + 1.042W. + 0.044 1InF
i+1 i

with the coefficient for 1InF having P<0.05.

similarly, for weignt increments associated with one ecdysis
per test, the relationship was

W = 0.255 + 1.488W. + 0,175 1nF
141 i

with the 1nF coefficient having P<<<0.001.

This correlation petween growth increment and the F values,

and by inference, causally, with food type, explained the
significant discrepancy between the overall mean test value for
individual growth increments, i.e. 49%, and the assumed value of
52%. The scattergram of individual values of W. ./W. against the
test F value showed a broad increase in the former values up to
F=0.30. Histograms for the frequency of the weight ratio value
apbove and below the latter level clearly showed a tendency toward
symmetry, i.e. a Normal response, about a growth increment value
very close to 52%, above F=0.30 (mean 1.510, median 1.516) (Fig.
3). The increased intermoult weight gain can also be seen with
this distinction made between food tests (Fig. 3).

-4]1-



APPENDIX IIT - Statistics and validation relating to the F wvalues
{moult rate ratio)

Partial validation of the pbasis for calculating the F criterion
in all the tests was optained by considering the observed
mean intermoult duration, d , fTor each test, i.e. based
upon 1ndividuals for whlch %wo or more dates of ecdysis were
recorded. This estimate_ was compared with the other estimate
of the mean duration, E 1.e. the reciprocal of the number
of ecdyses marron = day =, employed in the calculation of
F. Because of individual variability in ecdysial frequency,
d was based upon crayfish ecdysing more frequently tgan
tRe® group as a whole; therefore, d o underestimated E .
However, for 25 tests with d welgﬁted for number of observa-
tions per test (1-38), there®R3s a satisfactory linear relation-
ship through the origin (Fig. 7). The regression coefficient
was 0.80 t 0.014_ (P<0.001), i.e. a constant degree of under-
estimation of E = by d of 20%.

obs
In addition, the assumption of a linear relationship between the
intermoult duration and size appeared to be a reascnable

approximation as judged by plotting values of E=" against mean
test size of crayfish. The slope of this relationship at 0.87
was closer to that of 0.77 for d , the duration for maximum

growth rate, against size for th&%&ssumed initial value of 10
days than for 5 {(1.2) or 15 days (0.37).

While the novel use of the F criterion permitted a ready
evaluation of various feeds, there was some methodological
interest in the ability of these tests to provide adeguate
statistical comparisons, 1n terms of sample numbers and test
duration.

From Multiple Range Tests, each subsel range of actual test
values of F yielded a lowest, "F<", and highest, "F>", value
not overlapping with the previous and subsequent subsets,
respectively. A freehand curve was drawn through plotted
values of "F<" and £>" {(Fig. 8). The upper curve 1n Figure

8 covers the full range of F values for 37 tests, including
some tests of dupious validity, and not previously tabulated
pecause of small sample number, 6-10, and short term, 30
days. Significant discrimination was barely satisfactory

up to apout F=0.25. However, all values up to 0,72 appeared
to be significantly lower than the theoretical maximum of
unity. A second Multiple Range Test was carried out on F
values showing uniform variance. This test excluded higher
values of F largely on the pasis of higher variance (see
below). The lower curve in Figure 8 showed that a reasonably
fine degree of significant discrimination could be made between
these tests.

Moreover, since these empirical curves were based upon actual

F values, finer differences can be detected. For most of

the tests of 50 day duration, the sample standard deviaton,

s, was about 0,12 for F values from 0.1 to 0.4 and for crayfish
up to 5 g. On these bases, approximate sample size, n, for
various 95% confidence limits, CL, can be calculated from
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0'9755/CL2, where 10.975 =2 for n>30,

n-1 n-1

n=t

and are shown in Table 8.

Similarly, calculation of the minimum difference for signifi-
cance, at the 5% level of propapbility, showed that a sample
number of 32 allowed discrimination between F values 0.06 apart
(Taple &).

For higher values of the mean crayfish test weight, w g,

up to 17.5 g, ana/or higher values of F, up to 0.72, the standard
deviation, s, of F values was higher; the relationship was s =
0.0665+ (.0133 w + 0.189F by multiple regression; adjusted r
sqguare 0.76, coefficients for w and F, P<0.001 and P=0.001,
respectively. Since the standard deviation of F values was based
upon individual ecdysial rates, this increase with size and F 1is
largely a reflection of heterogeneous individual growth rates.
However, the coefficient of variation for F values, CV, decreased
with increase in F according to the complementary relationship CV
= 17.2 -54.7 InF + 3.61 w,

Finally, Figure 9 allows values for, (a), mean number of ecdyses
per individual and, (b), relative individual weight gain to be
derived readily from F values for 50 day feeding tests.
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