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ABSTRACT

A 5-week feeding trial was conducted in aquaria with jovenile {0.022 g) red claw, Cherax quadricarinatus,
to examine the eflects of dietary protein levels on growth and survival, Four practical diets were formalated
to contain 25, 35, 45, and 55% protein. Finlshed diets had analyzed protein percentages of 23, 33, 43, and
52%. A cominerclal shrimp diet (45% protein) was nlso fed for compmutive porposes. After 5 weeks, final
whale boady welght and percentage weight guin of red claw fed diets containing 33, 43, and 52% protein
were significantly {P < 0.05) higher than red elaw fed the commercial shrimp diet. No significant differences
(P > 0.05) were found in final whole body weight and percentuge weight gain of red claw fed a diet
containing 23% protein compared to red claw fed either the other test diets or the commercial shrimp diet
Pereentage survival was not significantly different (F > 0.05} among treatments, These resnlts indicate that
these diets formnlated For the red claw appear to be snitsble and that a diet containing 33% inay be adequute.

InTRODUCTION

Interest in the culture of the Australian red
claw crayfish, Cherax quadricarinatus, has in-
creased during the last several years. The red
claw shares many of the attractive attributes
of marron, C. tenuimanus, including a com-
Earali\'el_v non-aggressive and nou-burrowing

ehavior. A simplified life-cycle in which rel-
atively advanced juvenile crayfish are released
directly from the female, eiiminates the re-
quirement for expensive and sophisticated
hatcheries for larval rearing (I). An advantage
of red claw is 2 wider lemperature tolerance
(15-30°C) compared to marron (17-25°C) (2).
Greater temperature tolerance may increase
the putentiarof red claw as an aquaculture
species in a larger é.;eographical area in the
United States, including Kentucky, than mar-
ron.

Masser and Rouse (3) stated that a bvo-
phase culture system will be needed for red
claw if cultured iu the southeastern United
Stales. An intensive, indoor phase would be

! To whom correspondence should be directed,

used in the winter months to spawn adults and
raise juveniles to a 0.5-2.0 g stocking size and
would be followed by an outdoor phase to
raise juveniles to market size (30-50 g).

Fonnulation of diets suitable for production
of red claw in intensive culture requires de-
termination of its nutritional requircments,
Lack of such iuformation may impede red
claw aquaculture in the United States. Cur-
rently, expensive shrimp diets are led to ju-
venile red claw (D. B. Rouse, pers. comm.).
The purpose of the present study was to eval-
uate the growth and survival ol) juvenile red
claw fed practical diets containing various per-
centages ol protein.

MATERIALS AND METHODS
Experimental Diets

Four experimeutal diets were lormulated to
contain increasing percentages of protein {25,
35, 45, and 55%) (Table 1). Menhaden fish
meal was added to each diet as a constant per-
centage of total protein (51%). A commercial
shrimp diet (Zeigler Shrimp diet, Zeigler
Bros., Gardners, Penn.) which is commonly
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TabBLE 1. Ingredient composition of four cxperimental
diets fed to red claw crayfish reared n aquaria,

Diet (% proteinl

Ingredient % 3% 4% 5%
Menhaden fish meal 180 280 365 445
Soybean meal 30 150 280 305
Shrimp head meul 130 130 130 100
Cround com 51,0 310 1L5 00
Soybean lecithin 05 05 05 05
Cod liver oil 40 40 30 20
Cholesterol {analytica)! 05 05 05 05
Dicalcium phosphate 30 20 10 10
Vitamin and mineral mix® 0 30 30 30
Cosein 0.0 00 0.0 3.0
CMC? 3.0 3.0 3.0 30

1 Cholesterol {anahtica grade) was puichased ftom Sigma Clwemical St
Louts, MO

1 Vitunin and miners] mix provided the lollowdng tis eg ar 1L of diet?
A, 5350 TU: D, 2640 1V, E. 66 10, b5, 0.1 mg K, 132 mg, iboflavn,
18 mg; pantathenic scid, 42 mg; thiamine. 132 mag: niscie, 106 mg, B,, 11.2
mg folic acid. 26 mg. choline chlorde. 619 me oworbic acil. 933 mg,
Nall,PO,, 10 g, CaHPO,, 20 g: KCL. 10 ; Se, 0.4 mg: Zn, 207 mg. Fe, 72
mg Mn. 216 mg, €. 4 mg: |, 45 me: Ca, 18w

3CMC = carborymethyleellukue. .

used in red claw prodnction {(D. B. Rouse,
pers. comm.) was also used for comparison
with the diets formnlated in this study. Chem-
ical composition of the diets is preseuted in
Table 2.

In preparing diets, dry ingredients were first
ground to a small particle size (approximately
250 um) in a Wiley mill. Dry ingredients were
then thoroughly mixed with water to obtain a
30% wmoisture level, Diets were passed
through a mincer with die to form 0.4-mm di-
ameter strands and dried (20°C) for 16 hr ns-
ing a convection oven. After drying, diets were
broken and sieved into 4-min pellets. Cod liv-

Tasee 2. Chemical composition (dry-matter basis) of four
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er oil was sprayed onto the dried pellets im-
mediately prior to storage. All dicts were kept
frozen (—15°C) until fed.

Percentage protein of the diels was deter-
mined by the Kjeldahl method, percentage fat
was delermined by acid hydrolysis and per-
centage moisture was determined by drying a
10-g sample in a convection oven at 95°C until
constant weight (4). Dne to possible differ-
ences between the proximate compositions of
the diet ingredients and published values (5),
the finished diets were 23, 33, 43, and 52%
protein. Actual protein values will be used
throughont the rest of this paper. Diets were
also analyzed for amino acid composition by a
commercial analytical laboratory (Woodson-
Tenent Labs, Dayton, Ohio) and are present-
ed in Table 3.

Since neither digestible nor metabolizable
energy values are available for red claw, di-
etary energy values were calculated (based on
proximate analysis of diets) from physiological
fuel values of 5.65 keal/g of protein, 4.1 keal/g
of carbohydrate (NFE), and 9.5 keal/g of lipid
as stated by El-Saved and Teshima (6).

Dried diets were also evalnated for pellet
stability in water. Ten grams of pellets of equal
length were distribnted uniformly on a 100-
em? brass screen (2-mm mesh size) having
raised sides. Samples were lowered into static
water (approximately 10 em under the water
surface) for 30 minutes and then dred in an
oven (100G} for 24 hr. The residue lelt on
the screen was recorded as dry solids not
leached in water. The percentage of dry solids

experitmental diets and a commercial shrimp diet fed to

ved claw reared in aquaria. Percenluge moisture, protein, fat, fber, and ash values are ineans of two replicates.

Diet {% protein!

T nE a% 5% Zelgler
% Molisturc 104 10.7 77 76 6.8
% Protein 23.3 32,0 434 516 45.2
% Fal 10.6 10.7 11.1 10.8 11.1
% Fiber 4.5 50 54 4.6 30
% Ash 165 18.1 1.7 20.1 14.4
NFE, 45.2 3312 204 13.0 26,3
Energy {keal/100 g diet)® 4177 4243 431.2 4474 465.0
P:E? 338 778 100.6 1153 072
Pellet water stab!lity" T + 1+ 78 x 2 e [+ 9+

'NFE = 100 = {% groteln + % fut + & fiber + % ash!

® Energy values are based on phystafogice] fued vulues med b £ Sayed and Teshima (18921

IP:E = protein to energy ratin: calairlated as wig of preteinfcal.

*Pallel water stabihity = percentige of dry solith setvined afler 30 minntes b ftatic water.
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on the screen after 30 min in water to total
solids in the pellets was used as a comparative
measure of pellet stability in water.

Experimental System and
Animal Maintenance

The feeding trial was conducted in 20 37.5-
liter acrylic aquaria (50 X 25 X 30.5 cm; L X
W X H). Water was recirculated through bi-
ological and ~echanical filters. The recirculat-
ing system was a 2,000-liter vertical screen fil-
ter system utilizing high-density polyester
screens and polyetﬁylene “bio-balls” to re-
move Farticulnte materials and provide sub-
strate [or nitrifying bacteria (Red Ewald, Inc.,
Karnes City, Texas). Continuous acration was
provided by a blower and air-stones. All aquar-
ia were cleaned by siphon once daily (1330}
to remove uneaten diet. Each aquarium was
supplied with water at a rate of 0.5 liter/min.
AFproﬁmately 4% of the total water volume
of the system was exchanged per day.

Chloride levels were maintained at approx-
imately 1,000 mg/iter by addition of food-
grade NaCl. Hardness and alkalinity levels
were maintained at approximately 400 mg/liter
by addition of sodium bicarbonate (baking
soda) and analytical-grade calcium phosphate
{dibasic; CaHPO,). Black plastic covered the
back and sides of all aquaria to minimize dis-
turbances caused by personnel entering the
laboratory.

Water temperature was measured daily us-
ing an electronic thermometer. Dissolved ox-
ygen was measured twice weekly using a YSI
Model 58 (YSI Industries, Yeﬂow Springs,
Ohio). Total ammonia, nitrite, total alkalinity,
and chlorides were monitored twice week
using a DR/2000 spectrophotometer (Hacﬂ
Company, Loveland, Colorado). pH was mon-
itored twice weekly using an electronic pH
meter (pH pen; Fisher Scientific, Cincinnati,
Ohio). Over the duration of the study these
water quality parameters averaged (*SD})
water temperature, 27.5 %= 1.1°C; dissolved
oxygen, 6.7 * 0.5 myg/liter; total amunonia,
0.25 * 0.18 mg/liter; nitrite, 0.03 + 0.02 mg/
liter; total alkalinity, 419.5 + 51.5 mg/liter;
chlorides, 1,065 + 100 mg/liter; pH, 862 +
0.81.

Juvenile red claw, Cherax quadricarinatus
{mean individual weight of 0.022 g), were ob-
tained from the research hatchery at Aubum
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TaBLE 3. Amino acid composiion (% of dict) of diets
contalning different protein levels fed to jnvenile red clow
crayfish. Valnes are means of two replications. Tryptophan
levels were not determined.

Dict (% protent

Aminn acld 2% 1% A% 5% Zeigler
Alanine 092 153 210 226 235
Arginine 1.14 169 247 280 217
Aspartic acid 161 253 415 486 381
Cystine 017 024 035 041 038
Clutamic acid 266 D46 S5 700 557
Glyvine 128 181 237 277 217
Histidine 061 083 152 192 133
Isoleucine 0.78 122 146 186 152
Lencine 166 21% 263 372 356
Lysine 1.20 182 248 3153 233
Methionine 045 064 081 08 075
Prolinc 171 130 180 234 201
Phenylalanine 085 122 164 200 186
Serine 076 097 166 209 1,70
Threomine 069 091 151 1485 148
Tyrosing 042 062 141 159 083
Valine 0.95 141 177 2286 211

University, Auburn, Alabama and randomly
stocked into 20 aquaria at a rate of 15 juve-
niles per aquarium, with 4 replications per
treatment (gict). Individual weight of the jn-
veniles was measured on an electronic scale
(Mettler AT261 Delta Range, Mettler Instru-
ments, Zurich, Switzerland) prior to stocking.
On day 2, stocking mortalities were replaced.
No subsequent rerlaccment of mortalities was
performed. Red claw were counted every oth-
er week. It was decided prior to the start of
the study that if mortality in any treatment
reached 50%, the study would be terminated.
Red claw were fed to excess twice daily (0800
and 1500} for 5 weeks. Diet was eveuly dis-
tributed over the bottom of each aquarium to
ensure availability to all individuals. Each
aquarinm had one nylon-mesh substrate struc-
ture and 10 tubes {2.5-cm sections of 2.0-em
diameter garden hose) for shelters. At the
conclusion of the feeding trial, red claw were
individually weighed {wet weight).

Statistical Analysis

Final individual weight (g), survival (%),
specific growth rate (SGR), and weight gain
(%) were calculated at the couclusion of the
study. Specific growth rate was calculated as
follows: SGR (%/day) = (In W, — In W/T) X
100 where W, is the weight of the juvenile at
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Tasie 4. Final welght, survivul, specific growth rate (SGR), aud weight gain of juvenile md elaw fed diets containing
various percentages of protein and a commercial shrimp diet (Zeigler). Values are means & SE of four replications.
Means within a column having different snperscripts were significantly different (P < 0.05).

% g:ew Final wt {g} Survival (%} SCR W gain (%)
1(23%) 0516 = 0.011+ 584 + 92+ 9.28 + 0.06* 2301.7 £ 4180
2 (33%) 0.597 = 0.074* 583 + 50+ 963 + 032 26118 = 33768
3 (43%) 0.563 » 0.056¢ 500 = 8.1 949 = 0.29¢ 2459.2 + 252.84°
4 (52%) 0.567 + 0.029 618 + 5.7 954 = 015 24756 + 1329
Ziegler 0,408 + 0.017+ L7 + 5.0 861 = 011" 1,760.6 + 785"

time t, W, is the weight of the juvenile at time
0, and T is the cnlture period in days.

Data were analyzed by analysis of variance
using the SAS ANOVA procedure (7). Dun-
can’s multiple range test was used to compare
differences among individual means. All per-
centage data were transformed to arc sin val-
ues prior to analysis (8).

REesuLTs AND DiscussioN

This is one of the first studies to evaluate
prepared diets for juvenile red claw. Red claw
juveniles fed experimental diets containing 33,
43, and 52% protein had significantly higher
(P < 0.03) ﬁuaﬁ individual weights (g) and spe-
cific growth rates (SGR) than those fed a com-
mercial shrimp diet containing 45% protein
(Table 4). Final body weight and SGR of red
claw fed a diet containing 23% protein were
not significantly different (P > 0.05) than
those of red claw fed the other three experi-
mental diets or the commercial shrimp diet.
Growth of red claw fed the commercial
shrimp diet in the present stndy was similar
to growth rates observed in other studies (D,
B. Rouse, pers. comm),

Red claw juveniles fed a commercial shrimp
diet had a numerically higher percentage sur-
vival (71%) than red claw fed the experimental
diets (58, 58, 50, and 61% for red claw fed
diets containing 23, 33, 43, and 52% protein,
respectively) (Table 4). However, differences
in percentage survival were not statistically
significant (P > 0.05), possibly due to variation
within each treatment. Mortalities were asso-
ciated with several factors including: several
{15-20} red claw were found in the biofilter,
probably after being reinoved from the aquar-
ium through the standpipe. Some incidents of
cannibalism were observed, but these oc-
curred after weck 3 of the study. However,

survival values were comparable or greater
than values reported in other studies with
Australian crayfish (1, 9, 10, 11). Reduced wa-
ter stability ol experimental diets may have
been a factor in the reduced survival percent-
ages. Although survival was not significantly
different (P > 0.05) among treatments, sur-
vival was lowest (50%) for red claw fed diet 3
{with poos water stability) and was highest
(72%) among red claw fed the commercial
shrimp diet (with good water stability), Water
stability of diet pellets is an important factor
when feeding crustaceans. Greater pellet sta-
bility minimizes leaching of water-soluble nu-
trients which may adversely affect crustacean
growth. Fair and Fortner (12) compared
growth of freshwater pravm, Macrobrachium
rosenbergil, fed a water-stahle pelleted dict to
prawn fed pulverized pellets and reported that
prawn fed water-stable pellets had twice the
growth rate.

Data indicate that a diet containing 33-52%
protein appears suitable for use in rearing ju-
venile red claw for the first 5 weeks after re-
lease from the female. This is in agreement
with dietary protein levels reported for other
crustaceans. Villarreal (11) reported no differ-
ences in growth of marron, Cherax tenuiman-
us, fed for B weeks with diets containing be-
tween 17-48% protein. Hubbard et al. (13)
reported that a diet containing 30% protein
was adequate for optimal growth of red
swamp craylish, Procambanis clarkii. Fresh-
water prawn, Macrobrachium rosenbergit,
have a protein requirement between 32-40%
(14, 15, 16). D’Abramo et al. (17) reported
that growth of juvenile lobster, Homarus
americanus, fed a diet containing 30% protein
was not different from juveniles fed diets con-
taining higher percentages of protein.

These gnla indicate that a formulated diet,
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with a protein level of 33%, appear to be ad-
equate for juvenile red claw. Feeding for lon-
ger duration, use of individual rearing contain-
ers, and use of a greater quantity of (or a
different binder) may be useful in future nu-
tritional studies. Diets used in this study ap-
pear to be a starting point for further studies
to determine nutritional requirements of red
claw.
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