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Abstract

Sleepy cod Oxyeleotris lineolatus is a species of freshwater goby in demand in Australian
markets by consumers of Asian origin. It is related to marble goby Oxyeleotris marmoratus,
the most expensive freshwater food fish in Asia, which is cultured throughout southeast Asia
in ponds and cages. The performance of sleepy cod in culture conditions was investigated to
assess the viability of farming them in northern Australia. Sleepy cod fingerlings (62.8 = 0.8
mm total length and 2.56 *+ 0.095 g) were stocked into experimental ponds at 32,857 fish/ha,
and grown out for 8 mo. Shelter was provided in each of three replicate ponds and was
absent in three control ponds. The provision of shelter in juvenile growout was found to be
of no benefit, although fish in ponds provided with shelter weighed slightly more per unit
length than fish in ponds without shelter. Cannibalism was not a problem in growout, and
survival was close to 100%. After the shelter trial was completed, fish were graded into large
and small classes (three replicates of each), and grown out without shelter at the same density
for 158 d. Following that, fish were again graded, and the largest 30% retained from growout
at a density of 8,857 fish/ha (large, 198 * 6.44 g) or 10,000 fish/ha (small, 48.9 = 1.27 g).
These were grown out for 188 d. Growth of selected stock at low densities was slower than
earlier growth rates, although smaller fish gained weight more rapidly than larger fish.
Growth rates were better than the only published data for marble goby. Further investigation
into high density culture and different genotypes of sleepy cod needs to be undertaken to
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determine the viability of pond culture.

The sleepy cod Oxyeleotris lineolatus is
a gobiid fish distributed throughout north-
ern Australia (Herbert and Peeters 1995). It
is a highly regarded food fish, with firm,
white flaky flesh (Lake 1978; Larson and
Martin 1989). It is not prone to muddy fla-
vors and taints common in some other
farmed freshwater fish (Mosig 2002).
Sleepy cod can grow up to 3.25 kg and 900
mm total length (TL) (Terry Vallance,
Queensland Fisheries Service, Walkamin,
personal communication 2001), but are
common from 0.5 to 1 kg in their natural
habitat (Herbert et al. 1995). Live sleepy
cod have been sold for AU$28/kg whole-
sale in Sydney in 1999 (David Chan, Chi-
natown Fish market, Sydney, personal com-
munication). Currently, production is lim-

ited to experimental scale rearing in recir-
culating systems, as there is no commercial
harvest of wild stocks (Mosig 2002). Ex-
port potential is also high, as there is an
established market for the congener marble
goby Oxyeleotris marmoratus in Malaysia
and Thailand (FAO 1998). Thus, sleepy cod
have high market value and demand, which
warrants further investigation into their cul-
ture potential.

Pond culture of marble goby in Southeast
Asia has not been well documented. Initial
work in Singapore indicated that growth
rates were highly variable in ponds stocked
with hatchery-reared marble gobies, with
growth from 0.57 g to 175 g over 16 mo,
and survival was 44% (Tay and Seow
1974). For sleepy cod culture to be viable,
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a growth to market size in 18 mo would be
necessary, at current market-prices. The
preferred market size in Australia is 400—
600 g fish (David Chan, Chinatown Fish
market, Sydney, personal communication).
Information on growth rates of sleepy cod
is essential to determine if aquaculture of
this species will be economically viable.

Provision of shelter is an important
means of increasing survival and growth of
some species in aquaculture (Curran and
Able 1998; Hossain et al. 1998; Jones et al.
1998). It has been reported that sleepy cod
are territorial (MacKinnon and Herbert
1996) and cannibalistic if food is inade-
quate (Mosig 2002). Because of their ter-
ritorial nature, the provision of shelter may
be important for optimum survival, growth,
and size frequency distributions of sleepy
cod raised under intensive conditions.

The goal of this project was to determine
the effect of shelter on survival and growth
of sleepy cod in a nursery phase, and to
determine the growth rate of sleepy cod in
pond culture conditions.

Materials and Methods

Stock Collection and Production,
Experimental Ponds

Broodstock sleepy cod were collected
during the summer of 1997-1998 in the
Walsh River, 100 km east of Cairns, Aus-
tralia, by electrofishing. Fingerlings were
produced using methods described in Mo-
sig (2002). The six ponds used for the trials
were 350 m2 (16 m X 22 m, 1.4 m deep at
outlet), polyethylene lined with a layer of
soil 300 mm deep over the liner. Ponds
were enclosed by nets and sheet metal fenc-
ing to exclude predators. Ponds were aer-
ated using airlifts (Jones and Ruscoe 2001),
and fish were fed a commercial sinking diet
daily in the morning and afternoon (43%
protein, 15% lipid, 22% carbohydrate, 9%
moisture, 11% ash, 17.2 MIJ digestible en-
ergy per kg) (Pivot sinking barramundi
grower diet 43/15, Pivot Co., Rosny Park,
Tasmania). Food was distributed evenly
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across each pond by hand. Feed rate was
monitored by use of feeding trays and by
observation for uneaten food several hours
after feeding. All fish were fed slightly to
excess. Food conversions were calculated
by weight of food fed divided by the in-
crease in biomass in a specific time period.
Specific growth rate was calculated using
the equation (In Y2 — In Y1)/(t2 — tl)
where In is natural logarithm, Y is weight
of fish, t is time in days, and 1 is the be-
ginning of the experiment and 2 is the end
(Busacker et al. 1990).

Temperature loggers recorded tempera-
tures hourly throughout the course of the
experiment. A calibrated TPS 90FL water
checker meter (TPS Pty Ltd, Springwood,
Australia) was used to measure oxygen, pH,
conductivity, and temperature. Pond water
quality was checked at 1400 h on two af-
ternoons a week, and additionally if ponds
appeared green. Additionally, 24-h profiles,
when the meter was programmed to record
readings hourly, were also done to check
morning dissolved oxygen levels. Mean,
maximum, and minimum water quality pa-
rameters reported in results are from all six
ponds over the relevant time period. Means
exclude 24-h profiles, maximums and min-
imums include results from them. If pH ex-
ceeded 9, the pond level was dropped by
approximately 50% and refilled with fresh
water. Ammonia levels were checked using
a Hach DR70 spectrophotometer when food
consumption was lower than expected, or
when pH was over 8.5. Sick fish were ex-
amined for disease; this only occurred dur-
ing the final phase of the trial.

A subsample of 50 fish was collected
from each pond every 4 wk to estimate
growth. These fish were collected using a
knotless 1- or 5-mm mesh seine net dragged
through approximately half of the pond. In
ponds provided with shelters, these were
left in the net until it was dragged clear of
the water. Shelters were then removed,
shaken to dislodge fish in them, and then
returned to the same location in the pond.
To facilitate capture, the level of each pond
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was reduced to approximately 0.6-m depth
and refilled while the fish were being mea-
sured. This effected a water change of ap-
proximately 50% once every month. Fish
were anesthetized using aqui-S (isoeuganol,
540 g/L) during measurement, and treated
with 10-ppt salt bath for 1 h after handling.

The appropriate grading size, based on
size frequencies and required number of an-
imals, was calculated from the subsample
measurements. Fish were then hand graded
and counted while anesthetized, and then
treated in a 10-ppt salt bath for 1 h after
grading. Fish behavior was observed both
during and after feeding, and when sam-

pling.
Shelter Trial

Three-month-old graded fingerlings (av-
erage 62.8 = 0.8 mm long and 2.56 =*
0.095 g weight) were stocked in six repli-
cate ponds at 1,150 fish per pond (32,857
fish/ha). Three ponds were provided with
32 pipe stack shelters each (Jones and Rus-
coe 2001), distributed evenly across the
pond bottom. The three control ponds had
no shelter. Ponds were stocked on 12 March
1999 and harvested on 1 November 1999.
At the end of the trial, all fish from each
pond were harvested by draining, and then
weighed. A subsample of 50 from each
pond was also measured (for length).

To assess the growth rates over time,
REML (Restricted Maximum Likelihood)
repeated measures analysis (Verbyla et al.
1999) was used. The models were comput-
ed in the Splus statistical package using the
function samm (Butler et al. 2001). Size
frequency distribution at harvest of the two
treatments was compared using the Kol-
morogov-Smirnov 2-sample test. Plots of
the empirical cumulative distribution func-
tions for both end weight and end total
length were produced. Additionally, differ-
ence in body proportion was tested by com-
paring the length-weight relationship be-
tween treatments. A smoothing spline (es-
timated by REML) was fitted to both the
habitat and control treatments. These
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splines were then tested for differences be-
tween treatments and for linearity (Verbyla
et al. 1999). All the data from the shelter
trial were used in the analysis.

On several occasions shelters were col-
lected inside a dip net to determine if fish
were actually using them. A dip net was
slipped under the shelter and lifted so that
the entire shelter was in the bag of the net,
so that sleepy cod within the net could not
escape. Use of shelters was also observed
during monthly samplings.

Growout of Graded Fish

The growout trial was conducted in two
phases. Phase one started on 4 November
1999. Each fish from the shelter trial was
weighed, graded into two size classes: large
(mean 13544 = 2.26 mm; 31.16 = 2.04 g)
and small (110.87 = 0.53 mm; 15.03 =
0.24 g) and 1,100 were stocked into each
of six ponds (31,428 fish/ha) without shel-
ter. A sample of 50 fish was collected every
4 wk using a knotless 5-mm mesh seine net,
and measured and weighed. Handling pro-
cedures are detailed above. On 12 April
2000 each pond was harvested, every fish
weighed, and a subsample of 50 fish from
each pond measured. Fish were then held
in tanks for phase two.

Phase two started in 14 April 2000. The
fish harvested on 12 April were graded and
the largest 1,953 fish selected for further
growout. Two subsamples of 75 of each of
two grades of these was measured as a start
point for this phase of the trial. The larger
number of fish measured accounted for the
greater variation in the size of fish being
restocked. Three ponds were stocked with
301 ‘large’ (mean 197.13 = 1.92 mm;
198.10 = 6.44 g; 8,857 fish/ha) fish -each,
and three with 350 ‘small’ fish (133.53 =
6.64 mm; 48.88 = 1.27 g; 10,000 fish/ha).
Feed rate during both phases adjusted to ac-
tual feeding rate, based on use of 1-m di-
ameter feeding trays and observation of un-
eaten pellets. Ponds with large fish were
harvested on 20 October 2000, and ponds
with small fish trials were harvested on 13
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TABLE 1. Comparison of sleepy cod growth and survival after 8 mo in shelter and no shelter treatments.
Treatment Shelter No shelter
Replicate 1 2 3 I 2 3
Average final weight 22.7 21.7 21.6 20.2 24.0 21.1
(=SE) (+£0.366) (£0.328) (x0.334) (£0.286) (*0.32) (£0.271)
SGR (%) 0.51 0.49 0.50 0.52 0.50 0.50
Minimum 4.9 8.3 4.3 5.7 5.5 6.5
Maximum 82.0 77.9 69.9 88.5 75.0 80.7
Survival (%) 98 96.9 97.1 97.6 97.6 98.3

November 2000. As the initial sizes of the
two groups (large and small) fish differed,
weight, standard length, and total length
were analyzed in conjunction with a de-
rived variable, gain:

. inal weight — initial weight
gain = &

- X 100.
initial weight

The analysis done was REML repeated

measures analysis, as the observations on a

pond are not independent, the correlation

structures need to be accounted for.

Results
Shelter Trial

Survival in the ponds with shelter aver-
aged 97% and nonshelter 99%. Average
weight of fish in ponds was 22.0 = 0.19 g
(N = 3,504) in the sheltered treatments and
21.8 £ 0.17 g (N = 3,425) for unsheltered
treatments (Table 1). Food conversion av-
eraged 3.39 = 0.13 for the shelter treatment
and 3.39 £ 0.04 for no shelter. This esti-
mate is high as feeding was always to ex-
cess.

During feeding, fish in the no shelter
treatment rose in the water column and ac-
tively pursued and ate pellets as they sank.
Fewer fish in the shelter treatment rose and
ate pellets during observation, and those
that did, did not emerge from shelters but
were sitting on the bottom substrate in the
open. Up to ten fish could be present in any
one shelter at one time.

REML repeated measures analysis indi-
cated no significant interaction for shelter
and time—the fish increased in weight at

the same rate irrespective of treatment. It
did, however, suggest that the curves of to-
tal length over time are parallel but are sig-
nificantly displaced from each other (P =
0.048). The displacement of the shelter hab-
itat was 1.411 less than the no shelter hab-
itat, indicating that the fish were shorter in
the shelter treatment.

The testing of the distributions of both
fish weight and total length at the end of
the shelter trial indicated differences be-
tween the shelter and no shelter treatments
(P < 0.001 for weight and P = 0.004 for
length), further indicating that fish in ponds
with shelter provided were heavier per unit
of length.

Measured water quality variables were
within acceptable ranges, and are presented
in Table 2. Ammonia levels never exceeded
0.4 mg/L.

Growout of Graded Fish

Phase 1. Initial growth was slow, but in-
creased during the last 3 mo (February to
April). At the end of phase one the large
fish averaged 193.1 = 5.82 mm and 112.35
* 10.12 g, and the small fish 147.7 = 2.94
mm and 42.36 £ 4.75 g. Water quality pa-
rameters are presented in Table 2. The larg-
er fish gained at a significantly higher rate
than smaller fish relative to their initial size
(P = 0.032). The relationship between gain
and time was linear. Plots of standard
length, total length, and weight all agreed
with the gain data, in that the slopes of
these variables over time was greater for the
large fish than the small fish. Growth, gain,
and survival data are presented in Table 3.
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TaBLE 2.  Water quality parameters during growout trials of sleepy cod.
Shelter trial Growout Phase 1 Growout Phase 2
Mean Range Mean Range Mean Range
Temperature 22.1 16.6-28.6 26.8 23.1-30.2 21.2 16.3-27.0
Dissolved oxygen 7.2 5.34-8.44 6.39 5.63-12.6 8.3 5.74-11.68
pH 7.37 7.0-8.2 7.32 6.63-9.43 7.61 6.67-9.41

Phase 2. At the end of phase two large
fish averaged 253.03 * 1.52 mm and
204.34 = 3.84 g, and small fish 184.76 =
0.47 mm and 67.94 = 1.44 g. Growth was
minimal in the large group during the entire
period after fish were split and the density
reduced (Table 4). There was a significant
difference in the slopes of the lines of gain
for the different classes. There was no dif-
ference in condition of fish between or
within treatments. Water quality parameters
are presented in Table 2. This period in-
cluded the winter months and spring (June
to November). Growth across winter was
similar to that in early spring. Temperature
increases in spring had little impact on
growth in the second, low-density phase.
The size of fish appeared to affect the
growth variables, particularly in the first,
higher density, part of the growout trial. In
the second phase of the growout trial, gain
and growth were more static.

Discussion

Shelter Trial

The effects of shelter provision on
growth and survival of fish in aquaculture
ponds has been poorly studied. Phelps and

de Gomez (1992) found that provision of
shelter had a negative effect on net yield,
survival, and feed conversion of channel
catfish. Much of this effect was due to poor-
er survival in ponds with shelter, possibly
due to increased predation. Predators were
excluded in the current experiment and sur-
vival between treatments was not signifi-
cantly different (P = 0.01), indicating that
in a nursery phase, provision of shelter is
not necessary. Sleepy cod provided with
shelter were shorter than those without ac-
cess to shelter. This may be attributed in
part to the behavior of sleepy cod. When
provided with shelter, sleepy cod lived in
the shelters (up to ten fish per shelter) and
many did not leave the shelter to eat. It is
hypothesized that a significant proportion of
fish living in shelters did not feed as often
as those fish without shelter. The artificial
diets fed were moderately high in fat (15%
fat), and fish eating these diets could be ex-
pected to be heavier than fish living on nat-
ural production. Sleepy cod from wild pop-
ulations are significantly lighter than cul-
tured fish of the same length (Mosig 2002).
Fish in shelters would likely be less active
than fish without shelter, and may have
been fatter as a result of this.

TaBLE 3. Growth, gain, and survival data for phase one of growout trials of sleepy cod after 119 d of growth.
Treatment Large Small
Replicate 1 2 3 4 5 6
Average weight 119.67 125.04 92.34 49.32 33.27 44.50
(£SE) (£12.97) (£12.05) (*10.44) (*=7.44) (£2.80) (*£6.14)
Average gain (%) 284.03 301.27 196.34 228.12 121.34 196.06
(£SE) (£41.60) (£38.68) (£33.52) (*£49.49) (*=18.60) (+40.86)
SGR (%) 0.83 0.92 0.75 0.79 0.46 0.66
Minimum weight 30.94 29.86 29.82 22.6 18.83 24.95
Maximum weight 331.91 326.87 258.4 293.36 127.64 277.672
Survival (%) 100 98.4 98.7 82.0 93.0 97.1
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TABLE 4.  Growth, gain, and survival data for phase two of sleepy cod grow out trials, after 155 d of growth.

Treatment Large Small

Replicate 1 2 3 4 5 6
Average weight 211.54 198.44 203.04 66.35 66.66 70.81

(£SE) (*+9.32) (£9.24) (*+8.00) (£1.87) (*£1.65) (*£1.98)
Average gain (%) 6.78 0.17 2.49 35.73 36.38 44.88
SGR (%) 0.035 0.001 0.013 0.143 0.146 0.174
Minimum weight 78.4 72.0 90.0 45.4 50.13 41.8
Maximum weight 424.0 410.0 317.0 103.5 113.0 105.8
Survival (%) 100 98.4 98.7 82.0 93.0 97.1

Cannibalism in many species of fish ap-
pears to be influenced by availability of
shelter and food (Hecht and Applebaum
1988; Smith and Reay 1991; Jones et al.
1998). Sleepy cod in tanks are cannibalistic
if not fed adequately, and cannibalism was
observed in ponds where large numbers of
fingerlings were inadequately fed (Mosig
2002). Cannibalism was also identified as
the probable cause of low survival (44.2%)
in pond reared marble goby (Tay and Seow
1974). However, with provision of adequate
food, cannibalism in sleepy cod ceases. The
similar survival rates between treatments in
this study indicate that for sleepy cod, pro-
vision of adequate food is more important
to eliminate cannibalism than availability of
refuges.

In sleepy cod, total length was found to
be highly variable in relation to weight,
whereas standard length was not. Future
aquaculture studies on gobiid fishes should
consider using standard length as a better
indication of fish size than total length. The
fish used in the shelter trial were all im-
mature, so sexual dimorphism in fin mor-
phology common in other gobiid fishes
(Lake 1971) should not have accounted for
this variability.

Growout of Graded Fish

The growth rate of sleepy cod at high
densities is far slower than that of other car-
nivorous tropical fish, such as barramundi
Lates calcarifer (MacKinnon et al. 1987;
Parazo et al. 1998) or warmwater fish such
as golden perch Macquaria ambigua (Mer-

rick and Schmida 1984). In this study, only
the fastest growing individuals (2%)
reached the minimum market size of 400 g
in 19 mo. Only 13% of the fish in the orig-
inal shelter study were retained in the large
group of the second phase of the growout
trial, which averaged 200 g after 19 mo.
The only published study of marble goby
growth (Tay and Seow 1974) found growth
to 175.1 (63-287.5) g in 16 mo, when fed
natural production (guppies and tilapia) and
trash fish. At present, culture of marble
goby is based on stocking wild caught ju-
veniles (15-100 g). Culture of hatchery
produced fingerlings has not been widely
used because of the long growout period,
indicated by the initial study in Singapore.

The pattern of growth suggests that a pla-
teau in growth in sleepy cod is reached at
around 14 mo age, in both small and large
fish. Fish growth may reach a plateau for a
variety of reasons, including dietary re-
quirements (Jeong et al. 1992), temperature
(Keast and Eadie 1984), and density (Baker
and Ayles 1990). The plateau reached by
sleepy cod may be age dependent, as both
size classes stopped growing at about the
same time. However, density may have
been an overriding factor. For example,
Murray cod Maccullochella peeli grow fast-
er at high densities in recirculating systems
(Ingram 2000). Sleepy cod grew faster dur-
ing the high density phases of the trial, and
behavioral changes may have been respon-
sible for reduced growth at lower densities
in ponds. No aggressive interactions were
observed between feeding fish in the high-
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density phases, but interactions were seen
during the low density phase. There may
have been inhibition of feeding due to these
interactions at lower densities.

The results of this trial suggest that
sleepy cod culture in ponds may only be
viable at high densities. Culture of sleepy
cod in intensive systems will need to be in-
vestigated further to determine if growth
rates can be maintained at high densities,
where temperatures and water quality can
be maintained at optimal levels. A temper-
ature of above 22 C is necessary to mini-
mize disease problems and maximize
growth rates (Mosig 2002). Trials in recir-
culating systems (using Fitzroy River strain
sleepy cod) have indicated better growth
rates than those achieved in this study (Mo-
sig 2002), but this requires quantification
before it is attempted on a large scale. Sci-
entifically designed assessment of the dif-
ferent strains of sleepy cod is also essential
to determine which strain is more suitable
for intensive culture.
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