


Introduction

Numerous problems occur in the handling and transport of large
live crustaceans. The experienced buyer will become familiar
with these difficulti@s-cver g period of years and will know
how-best to surmount them in practice. OIften, however, the
preéi&e cauée of %hé'ﬁroblems is either not.kn0wn.0f nok
appreciated. Satisfactory storage can be achieved by expariénce
alone but a biological appreciaticn of the precise conditions
required for storage of lobsters and crawfish will be moast
beneficial to the industry, and particularly to those persons
entering it for the first time. With this in wmind Fisheries
Division has been carrying out investigations in this field,
and work wasg adfanced rapidly in 1973'by the availability of
a research field station at Dunmore East, Co'Wa%erford. A
detailed biological stﬁdy of the storage.behaviourof craéfish
based on experiments is.béing undertaken at this station.
Meanwhile this Leaflet has been writteﬂ‘to give some preliminary
results of these inve&tigationé, and also to describe one

rractical commercial result based on early findings.

Gibson (1958) described the use of a high density lobster

storage unit for the holding of lobsters in urban areas, using
re-circulated sea water, and the system described in this Leaflet
incorporates many advantages over this and other earlier types

of recirculation.

In Ireland, most commercisl live érustaceén stofage'tanks have
been installed on the sea shore and, with a few exceptions, have

used water pumped directly from the sea. The exceptions ére
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located in Dublin whefa artificial or natural sea-water is
recirculated. Storage sysbtems in Europe, t¢ which nearly all

our lobsters and crawfish are exported, are not so completely
dependént on proximity to the sez. Several inland tanks exist

in Prance and Spain.an& these use artificial sea—water which is
cdntinuouéiy-recirculated withiﬁ-the ténksor Tanks iﬁstalledl
inland permit animals to be stored close to centres of population,
which reduces labour and transport problems. However, if
artificial sea-water is required this will meke the tanks more
expensive t0 run and necessitate constant monitoring of the quaiity
of the water itself. In Ireland where an adequate supply of clean
seaéwater has been available, theré bas been little incentive to

develop inland storage sites.

In 1973 Fiéheries Division was approached by Mr John J 0'Dowd,
Importer, Exporter, of Tralee, who; faced with the problem df
having to relinguish existing shore facilities at the begining of
the lobsier season, had to mske arrangements for alternative

storage capacity. Tralee is on the end of an estuary, but for the
purpoée of this leaflet may be regarded as inland because the
nearest clean sea-water source is ten miles away and the only
suitable sites for building new tanks are some twenty miles away.
Accordingly, the possibility of installing a closed circulation
system in the town of Tralee Was.investigate&. Experimental fesults
obtained at the Dummore East field station determined the various
storage parameters and possible stocking densities. On the basis of
fhese predictions it was decided to go ahead with the bﬁilding Qf
the tanks in the town of Tralee. As the success of this type of
installation could be of ﬁery great benefit to the Irish export of

crawfish and lobsters, Fisheries Division decidea to follow the
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results obtained with these tanks ahd to monitor the water quality

at various times.

General requirements for crawfish/lobster storage.

Gibson (1972) described the general features required of storage
pounds whlch are dependent on a constant supply of sea—water._ The
presentalegflgt is intended to meet the more demandlng requirements

of re—cirtﬁlation storage.

As mentionéd_previously, there is no supply of clean sea water
adjacent to Tralee. Therefore, storage water must either be brought
by tankér lorry or'manufaétured from fresh water by the addition of
sultable éea salts. The chemicals (various sea salts) needed for
the manufacture of arfificial sea water are very expensive, and
therefore it was decided that storage water should be provided by
tanker 1ofry. The tanks at Tralee, being of small dimensions (for
detailedfdQSCription see pp 9,10 their full water requirements could
be met by 6ne tankef lorry journey. However, if ﬁhe convenience
factor of inland storage is to be emphasised it is necessary to limit
the frequency of water changing. Two months is regarded as the
minimum period acceptable between water changes. Gibson.(l972)
states that provided lobsters are not held for to0o long a period,
i.e., that there is a continuous input and output to and from the
storage tanks, the sea-water supply can be used for 1ong.periods

without being replaced.

The Tralee tanks are small and it was therefore necesgary to design
them for a high level of stocking, so as to permit the storage of
the maximum number of crawfish and lobsters. High level stocking

- can be regarded as intrinsic to the design of this type of

installation, because by its very nature it will be inétalled in
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areas of population where shortage of space and site costs will
be important, and as already stated high stocking rates reduce

the difficulties invelved in supply of water.

These two conflicting demands, of long water life and high stocking
density, impose problems in controlling and maintaining adequate
water quality in the.system. The control of the tank enviromment
needs to be much tighter than for a coastal installation where it
"is possible to flush out the tanks each day. in a c¢losed circulation
system not only must the crawfish and lobsters be kept healthy but
also the water must be maintained clean so as to avoid the need for
continual replenishing. Therefore careful attention must be given
to the following:-

Oxygenation,

Circulation.

Filtration

Purification.

Tempe?aturé control.

1. Oxygenation. Crawfish and lobsters 'breathe' oxygen by taking

it out of solution from the surrounding water as it passes over

their gills. The gills must be exposed to a very moist atmosphere,
fo obtain efficient respiration or breathing. Crustaceans survive

in air for a short period because they can bnly absorb 3% of their
oxygen requirements from a dry atmosphére. To survive satisfacforily
in water they must have sufficient oxygen subply in the water. A%
the Dunmore East field station crawfish have been stored for a short
time at very low oxygen levelsl(5% saturation), and have, when
returned to normal safuration levels, apﬁéared perfectly healthy.
However, at low oxygen levels, stress symptoms have invariably been

observed. Stress symptoms include such behaviour as standing on the

tips of their legs, making paddling movements with their first pair
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of legs, and curling the tail under the raised anterior part of
the body. These symptoms sometimes occur in water with oxygenation:
saturation values as high as 40%, and therefore it was decided that
the water saturation level should never be allowed fall below the

40% level,

Determinations of crawfish oxygen uptake made at the Dunmore East
station vary widely with specimen size, water température, salinity
etc.. A range of from 14,27 to 68.12 milligrams oxygen per hour per
kilogram of body weight has been measured. A safe average based on
fhe results of 65 experiments is 55 mg/hr/kg. Only a small
percentage of the experimental results were above this figure, and
it is unlikely that in a commercial tank, with a range of crawfish
sizes, that this average would be exceeded. Larger specimens tend
to use proportionately less oxygen than smaller ones. Lobsters
being smaller than crawfish tend to use proportionately more oxygen.
Ohly very little experimental data has, so far, been obtained for
lobsters but this indicates a much higher consumption rate of oxygen

in the region of 100 mg/hr/kg, or almost double that for crawfish.

2. Circulation. This.was relied on to distribute the minimum

level of oxygenation specified above throughout the storage tank.

It is preferable to have both the function of water distribution

and water aeration provided by the same pump. Permitting a minimum
lcxygen level of 40% makes it critical that good circulation is
maintained, so as to ensure that no stagnant pockets develop in
which the local oxygen level mighi fall much below 40%. Good
circulation is also of prime importance in ensuring rapid filtration
and purification of the tank water. For these reasons a pump of
sufficient size to completely recirculate the water every 2 hours

is necessary and because the success of storage tanks depends oh

continued movement of the wafer, a stand-by pump with automatic




cut-in, is also egsential.
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5. Filtration. With an expected tank water life of about 2

months, continuous and efficient filfration is essentizl, in order
to remove any suspended pariticles circulating in the wa{er, Most
of this matter, being Qrgahic in origin, if left in the water would
raplidly start tO'deéay and give rise to serious deterioration of
water gquality. The main source of this material is the excrement
from the stored crawfish and lobsters; as well as discarded eggs,
food particles, blood and fragments of broken shell., Glass fibre
attic insulation material one inch thick was used as a filter and
all the water was forced to pass through this each time it circulated
the tanks. This material has to be replaced at least every second
day, but if is relatively cheap and is most effective in cleaning

the water.

4. Purification. The main excretory product of lobsters and

crawfish is ammonia which becomes highly tozxic if it ‘is allowed to
build up in the water. There is little precise information on the
level of ammonia toxicity but for crawfish it may be as low as 0.1
parts per million. Crawfish held in tanks with this level of
ammonia have certainly shown signs of stress though to date no
mortality figures have been recorded. This level, low as it may
seem, is still vastly greater than levels'normally oceuring in the
sea. Ammonia is soluble in water and consequently cannot be removed
by mechanically filtering the water. However chemical filters are
available (for example, charcoal) which greatly reduce the build up
of ammonisz. In the tanks in Tfalee, oyster shells were used,
because these are readily available in the area and have the added
advantage of reducing the acidity of the water. Normal sea water

is slightly alkaline having a pH (measure of acidity) of about 8.5,




T

but water iﬁ which heavy concentrations of crustaceans are stored
will gradually become more acidic with a pH as low as 6.5. Oyster
shells being composed mainly of'lime tend to neutralise the
acidyfying'éffect and also to help to reduce the tbxicity of
ammonia. The effectiveness of oyster shells in removing ammonig
from ﬁater is due to bacteria which live on the'shello These
bacteria are beneficial and require a few days in seéwater to
become effective in this process. Pinal results on the rate of
excretion of ammonia by crawfish and lobsters are not yet available
and until further experiments on. this aspeét are completed it will
not be possible to describe all the factors.required by a
purification system for commercial tanks. In the tanks at Tralee a
large amount of oyster shell was used and the build up of ammoﬁia
was monitored. Whilst this practice led to satisfactory results,
further experiments ére being undertaken,'to determine the optimum

purification system.

5. Temperature. This is a most important factor in any storage

system but 1s of paramount importance in a closed circuit system.
The main effects of a high temperature is to reduce the amount of
oxygen which can be dissolved in the water and also to greatly

increase the'oxygen uptake by crustaceans. These tvwo effects are

shown in Table 1:

TABLE 1. Relationship between temperature, oxygen solubility, and

crawfish oxygen uptake.

Temp. (%5 ) 0, solubility (mg/1) 0, uptake (mg/hr/kg)
9 9.62 . 16078
12 | 8.99 24,67
15 8.42 30,28
18 | 7.92 | 41.99

21 7.46 | 52.06
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Oxygen solubility varies with salinity; the figures given above
are for water with a salinity typical for the Irish coast. The
crawfish oxygen uptake figures are based on a series of twenty
varying experiments with the same specimen (1.27 kg/weight).
Table 1 clearly shows the two main disadvantageous effects of a
high temperature. For example, at 18%¢ sea water contains 15%
less oxygen that it does at:9oc, but at the séme time z crawfish
needs more than 3 times as much oxjgen to survive at the higher
temperature., Other effects such as an increase in metabolism with
consequent increase in execretory products released into the tank
will also be brought about by én increase in temperature. It is
nost desirable therefore that the temperature of closed circuit
lobster storage tanks be kept low, and obviously the lower the
betﬁer. However, because if is expensive to reduce water
temﬁeréture by using cooling systems the température-in the Tralee
tanks was ﬁaintained a8 near as possible to 1500. This temperature
was chosen as the design maximum to keep the air in the tank room,
by controlled ventilation, below this level.for most of the time.
The possibility of chilling the tank room was considered because
there are great adventages to be gained by keeping the tank water
as low as 9°C. However the expense involved in cooling a room
sufficiently large to hold several storage tanks would probably
outweigh the advantages obtained by increased stocking density.
Cooling would probably be worth while in very high density units,
i.ef.units which would stofe crustaceans in shelves exposéd-to a
qontinuous very fine mist or spray of sea water, as described by

Gikson (1958).

TANK DESIGN AND INSTALLATION:
For reasons of space, at Tralee, three large pre-fabricated giass-
reinforced plastic (GRP) tanks were installed. These tanks have

many advantages, the main one from the biological point of view,
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veing the fact that they are ccmpletely inert, and do not rust or
have any toxic components which might dissolve in sea water. To
maximise this advantage all the fittings for the tanks were made

of plastic (PVC) which is also non~toxic. The only metal component

in the whole installstion is the pump impeller which is made of

;_stainless steel.

- The SPQCe available permittéd the installation of tanks measuring
- 12 feet by 6 feet by 2 feety, (366 X 183 X 61 centimeters),
providing a volume of 144 cubic feet or 4,086 litres per tank, or a

capacity of 12,260 litres for the whole system.

. VWorking with a minimum permissable oxygen saturation level of 40%,

and assuming fotal (100%) saturafion of water entering the system
this provides a usuable 60% range of saturation. Referring back
to Table 1. it can be seen that at the maximum design temﬁerature
fully saturated sea-water holds 8.42 milligrams/litre (mg/litre)
of oxygen and therefore 60% will hold 5.05 mg/litre. In other
words there are 5.05 mg of oxygen available for every litre of
water in the tanks, which provided a total oxygen supply amounting
to 61,887 mg. Assuming that 55 mg/hr/kg body weight oxygen uptake
t0 be a reasonable average consumption by crawfish, and dividing
this into the figure obtained asbove, we find that there is
sufficient oxygen in the system to supply 1,125 kg (i.e. just over
1 ton) of crawfish for one hour, or to supply 562 kg for two hours.
If there is c¢ontinuous circulation and re-oxygenation of the water
with a complete recycling every two hours, then with a load of 562
kilograms (1,239 1lb) the oxygen content should remain static ét a
high level. This explains hoﬁ the suggested loading of 1,200 1b
was estimated. It is a conservative estimate and it confains

built-in safeguards, for example:-
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(i) It assumes that the tanks will be run at 15°C. all the time.

In practice they will often be cooler with a resultant saving in

i oxygen.

(ii) It assumes that there will be no oxygenation within the tanks
and that the only reoxygenation would be when the saturation is
returned fo 100% on being pumped back into the tanks., Iﬁ practice
there is considerable aeration on the surface of the water and

good mixing of air and water was achieved in passing from one tank

to another;

(iii) The lower saturation level of'40% is in itself probably a

conservative limit.

However these safeguards do provide an extra margin of safety in

the event of such unpredictable occurrences as a power failure or-

a sudden need to overstbck the tanks. They also to somé extent
allow for the fact that lobsters will probably consume significantly
ﬁore oxygen per pound body weight thanrcrawfish, and it thus ailows

for mixed crawfish/lobster storage.

‘The three tanks were placed in three tiers each two feet above the

other, (Fig. 1). The water from the pump enters at one coruer of
the uppermost tank. It is drained from this tank by three 2"
pipes suspended an inch below the surface of the water, and passes
into the bottom of the next lower tank. Three more similar Pipes
bring water into the bottpm tank. From this taﬁk the water is1'
again drained through ﬁipes mounted near the top of the water and
passes into the filtration systen. '(Fig.2.). This consists of a
long frough containing about twenty cubic feet of oyster shells
with a layer of glass-wool on top. The water level in this trough
is just below the top of the shells so that they are immersed in
water, but keeping the glass fibre out of the water. This ensures

that the water passes through the filter rather than running along
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its surface. The water is sprayed onto the top of the filter to
fensure good aeration and filtration. From the filter unit the
fwater passes into a 100 gallon reservoir and is then pumped back

Anto the first tank.

The mOSt'interesting and important points of the design of these

:-tanks are:

A The intercomnecting pipes. As mentioned in the description

above these take water from the $op of ome tank and pass it into
the bottom of the next. By taking water from near the surface
{'they create a vortex of air which is sucked down thé pipe and
E:issues at the other end as fine bubbles. This provides good

aeration at no extra cost and it ensures that the oxygen level is

'ffi as high in the lower tank as it is in the top tank. By passing

_ water into the bottom of each tank it makes sure that the best
water is available to the stored animals. The only disadvantage

of this system is that it allows heavy material to be deposited at
the bottom of the tanks; The cﬁrrent from the pipes is sufficiently
strong to keep most light materigl, including most of the excrement,
in suspension, and it is later reﬁoved by the filters. The heavy
materials found on.the bottom of the tanks consisted mainly of sand
and pieces of broken shell. These are.relatively inert and do not
seriously effect the water quality, even if allowed to accumulétes
Draining from the surface is of great practical benefit in.that it
permits easy.regulation of the level of the water. The whole system
is in fact automatic, so that if the power is switiched off the water
level in all the containers remains almosf constant. It has been
found useful to be able to turn off the pump when examining the
tanks.,
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B The filter. The glass-wool materials used tend to hold on to

1

:pbckets of air which cause the water to run along the surface of
the filter. This feature may be counteracted if the air bubbles
Iare pressed out after a new piece of filter material has been put
in place, and also if the water is sprayed on to a wide area of
ﬁhé,filter rather than all being poured on at one place. The
filter can be seen to rapidly absorb particles of dirt and should

" pe changed before it is so dirty that dirt starts to wash out of

“it. The oygster shells are never touched.

- C The reservoir. This takes up any rise and fall in the water

; 1eve1 and ensures that the pump never runs dry. If the pump is
;-turned off in order to examine the tanks this reservoir will hold
: the inch or so of water that will drain off the tanks till they
:'reach the level of the outlet pipes.

- D The pump. In the design it was stated that the water should be

_ récirculated completely every 2 hours. The whole system holds

about 2,500 gallons, and fhus to meet this regquirement a pump of
1,250 gallons an hour capacity was needed. In actual fact a pump

fff of 3,200 gallon/hr capacity was fitted, which with a head of twelve

feet would give about twice the minimum required flow.

Repults of test rums with the Tralee tanks

The tanks were first filled with water on the 24tk May, 1973.
The circulation of the tanks ﬁas more than adequate and no
stagnant corners were located. The oxygenation obtained by the
vortex effect in the water on passing from one tank to another
was highly successful. The principle of oxygenation by vortex

could be extended and a long series of tanks could be operated in

this way, thus providing greetly increased storage space.
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 Crawfish and Lobsters were first stored in the ponds on the lat
June 1973. The stocking levels from then until the end of the

geason are listed below:

TABLE 2. Stocking levels in Experimental Tanks at Tralee.

Crawfish (1b) Lobsters (1b) ~ Total Steck (1b)
In Cut In out Crawfish Lobsters

1237 - 200 ' 1237 200

260 10 1197 210

110 40 1607 250

450 50 1157 200

400 50 757 150

402 355 150

All dead.

Water left to purify.
Tanks emptied and refilled with fresh seafWater.

500 | o 500

- 500 0 o

100 - 60 - 100 60

438 538 60

200 338 60

769 1107 60

231 | 1338 60

61 | 1399 68

£ 30 996 ' 433 68
. 318 751 68
- 89 | 12 840 80
I 491 18 349 62
£ 400 | 749 62
. 242 - - . 507 62
E 55 | 452 62
- 265 16 717 78
. 78 795 78
: 166 29 961 107
. 128 1089 107

F 589 44 500 63
. Sep 1 500 0 63
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. {Contd.)

Crawfish (1b) Lobsters (1b) Potal Stock (1b}
In Out In Out Crawfish Lobaters

593 ' 313 593 376

46 14 639 %90

- 215 639 175

118 B 757 210

30 4 | 787 214

129 228 | 916 442

61 75 a77 517

307 977 210

30 22 1007 o232

150 1007 82

872 135 82

82 (Dead) | 5% B2

167 62 220 144

630 50 850 194

120 28 970 222

50 10 1020 2%2

' 960 60 232

165 23 225 265

67 | | 50 158 215

120 60 38 155

20 20 18 135

10 15 8 120

8 60 0 60

60 0 0

Within a fortnight of the start of operations heavy logses occurred
in both érawfish and lobsters. This can be attributed to the very
‘high stocking levels at this time causing the ammonia concentration
 to build up very répidly, The tanks were heavily overstocked and
-this was particularly crucial at this early stage of their operation.
An ammonia reading of 0.05 ppm. was obtained on the 6th June, before
the mortalities occurred. This is 8till below the level at which
crawfish show gtress symptoms. However this reading was taken only

5 daye after operations were started and the reading does show s
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;répid build up on the level found in fresh sea-water. This build
ﬂb must have continued and reached a lethal level on 12th of June.
.5nfortunately no regdings for ammonia were obtained at the time of
'ﬁbrtality, but it seens cer%éin that high ammonia levels were the
:ﬁausea Cxygen measurements made at this time were always very
satisfactory. However the water did become brown and opaque and
.fhis can be taken as a #isual Wafning of dangeroué leveis of

ammonia in tanks.

The average weight stored in the ftanks over this period was 1,282
1b crawfish and 200 1b lobsters. BEven after long usage the design
J'capacity of this type of installation should never be exceeded
fexcepﬁ for a very short period), as doing so may_quickly destroy

ﬁhe qﬁality of the water. A continuous overload of almost 300 1lbs
1 for twelve days, including a periocd of six days with a 500 1b.

overload, must be regarded as excessive.

fIn addition to the‘crawfish and lobsters stored the tanks were used
- for storing 5,0000ysters and 2,000 Hscallops during the period from

' the lst October to the Tth November. No losses occurred.

After the initial failure, the tanks were operated satisfactbrily
for the rest of the year with sonewhat lover levels of stock.
.ﬁ’“Thia included some short periods when the 1,200 1b limit was

8lightly exceeded withoul harmful consequences.

:q“_To estimate the success of the tanks from the beginning of July
to the end éf Ootober {practically the end of the season) one can
consider the average daily combined weight of crawfish and
lobsters held. This figure will give no indication of short term
abnormally.high or low stocking levels but it gives an indication

of the overall through-put on zn assumed daily basis. The value
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£ this is that it gives an indicabion of the ability of the
:system to remove harmful substances assuming these were being
1producedlat a constant level. The assumption would not be valid
_f there were periodic gross overloadings of the tank as these
iﬁight necessitate either a change of water or a long pericd of
*recuperaticﬁ without stock. In the period umder discussion no
féuch severe Overstoéking occurraed an& wé may assume that the
:average daily load derived from analysis of Table 2 rspresents a
ﬁievel of stocking well within the tolerances of the tanks and
filtration system. The load held in the tanks was obviously
restricted by.the commercial availability of cfawfish and lchsters
;nd consequently this avefage level determined cannot.by ahy means
be regarded as being a msximum level allowable to keep the ammonia

in the water down o desirable limits.

The daily éverage weight of stock’held during the months of July
:to October inclusive was 680 1bs.. This minimum figure could well
be exceeded if it were possible to continually maintain stock aﬁ
a high level. However the-figure is still regarded as being very
satisfactory. It must be remembered that the estimate of the
fpossible stocking levels of these tanks given in the design aims
was based on the need to supply sufficient oxygen. It was not |
“known, and stili is not certain, how much ammonia ray be excreted
' per animal per day, or how much filtration might be needed to
;counteract this. However it is perfectly clear that the stocking
density of 680 1b was a safe and sustainable level in tanks of the
j{ype and size of those imstalled in Tralee. As it is thought that
- this level might be greatly increased, the figures for the July-
October period have been worked out in terms of a daily average of

half-monthly periods. These results are given below:
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TABLE 3. Stocking densities in terms of daily averages.

- Period . Combined daily average weight(1b)
(crawfish & lobsters)

1st half July. 427
‘2nd half July. 599
1st half August. 611
- 2nd half August. . “T40
1st half September. 558
2nd half September. | | 972
1st half Octobef. 1167
2nd half October 597

These figures show averages significantly higher than the overall
average for three of the eight fortnightly periods. Two of these
periods (September and October) are éonsecutive, indicating thé%
prolonged storage is possible at these levels without causing |
mortality from ammonia build-up or any other factors. Ammonia
toxicity is regarded as being the main problem hiﬁdering the

improvement of this type of installation. It has been shown

(results given below) that maintaining adequate oxygenation of
the water even at high stocking levels is not a problem with ﬁuch
a closed-circuit storage system. It will be noted that the weight
of stock held in the‘first half bf October equates closely with

‘that used in the design aims regarding oxygen supply.

Monitoring of conditions in the tanks.

In operating any crawfish or lobster storage system, especially

at high dengities, it is well worth while carrying out periodic

-chegks on the water quality. This can be dispensed with in tanks
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where water is brought in from the sea each day unless the gquality
of the sea-water is suspect. However in tanks such as the ones
under discussion it is of the utmost importance that the quality of
the water be regularly monitored. The tanks at Tralee wereAcheeked
periodically but not nearly as frequently as would have bheen
desirablee The monitoring work was doue by Fisheries Divisiocn but
if these tanks, or similar ones, were envisaged as a long term
commercial operztion thern it would be highly desirable that the

pond cwners should equip themselves with the basic instruments for

- continually checking the water. The qualities of the water which

should be checked can be listed in order of priority:

1. Oxygen level.
2. Ammonia level.
3. Temperature.
4, Salinity.

All these factors with the exception of the ammonia level can

- readily be measured by any person with the aid of a few scientific

instruments. The monsy spent on the basic_instruments, oxygen

meter, thermometer, and hydrometer, can be very quickly recovered

- because a good knowledge of water conditions will prevent or

greatly reduce mortality. This is particularly truwe in the present
case where adverse stocking levels or weather conditions could very

quickly upset the delicate equilibrium of the system.

The oxygen level was checked at the very beginning of the season
and then oﬁ 2 number of other occassions during the Summer. Using
an oxygen probe it was possible to check the level in different
parts of the tanks to ensure that no "flat" spots existed. All
readings obtained were between 95% and 100% saturation. (100%
saturation is the maximumrémaumﬁ of oxygen that can be disclved in

water that is thoroughly mixed with azir at any given temperature.)
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These readings are clearly very satisfactory and indeed were

higher than anticipated. Readings taken at all levels of

gtocking, including the beginning o¢f June when the tanks held

1,500 1b, were in the range mentioned above. However this should
not be interpreted as implying that much higher levels could be
stored, because this would lead %o tréubles with ammonis build up.
If even better purification could be arranged, the 1,200 1b iimit
would 8till have to be adhered to, beczuse the ponds are snbirvely
dependent on continuous running of the pumps and it is important to
allow a margin for safety in the event of their failure. Maintaining
- the level high, under normal conditions, allows much greater safety
in the event of pump failure. In designing the tanks it was thought
that in the event of a breakdown with a full (1,200 1b) stock of
fish it would take 2 hours for the water to drop to the 40%
saturation level. On the 5th of June the tanks eqﬂfained 1497 1b,
of crawfish and 210 1b of lobsters and the oxygenation level was atb
96%., The'pump was then shut off for an hour. 4%t the end of this
time the oxygen level varied slightly frdm tank to tank but all were
in the range 70 - 75%. Wi%h a drop of 23% im the first hour and
assuming a drop of 30% (which is probably a'gross exaggeration) in
the second hour, then at that time there would be 43% saturation im
fhe.tank water. Bearing in mind that the tanks were overloaded this
is a %ery satisfactory 1e€rel° The crawfish and lobsters would have
come under stress during the next hour but it ie probable that no
long-term damagé would have been_cause&;for at least another three
hours.- Conclusions from the oxygen meggurements made in these tanks
are that while the puﬁps are running the level will be maintained
extremely safisfactofilyg and that in the event of pump failure the
stock is absolutely safe for three hours and almost certainly for

five hours.
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Aomonia levels are more difficult to determine and measurements
were made by transferring tank water samples to the Dunmore East
station. Consequently it is not know whether the level was
coﬁstant within the tanks or whether it wouwld have fluctuated
locally. As aﬁmonia is soluble it seems certain that ¥ would have
been evenly &iStribu%ed throughout the system. 'The.state in which
émmpnm exists in water depends on the acidity (pH) of the water.

In alkaline conditions it occurs in the form of free ammonisz (HH3)

in which form it is volatile and gives off the sirong acrid fumes
which one associates with ammonia. In neutral or acid com&itions
it is present as smmonium iom (NH;;)0 As sea-water is almost
neutral, ammonia tends to be preseﬁt as the ion in which form, not
being volatile, it does not have a strong smell, nor does it tend

to come out of solubion.

Ammonia measurements made of the Tralee tank water showed gradually
incregsing levels during the season and by the end of the season

had greatly exceeded the "stress level" for crawfish. Water

entering the tanks at the beginning of the season was checked and

found to contain less than 0.0l ppm of ammonia. A sample taken on

the 6th of June was slightly higher. From then until the 1st

August no samples were taken. In early August a reading of 0.8 ppm.
was ob%ained, which is above the "stress" level and the final reading
taken in November had risen to 2.5 ppm. These ammonia results are
shown in Table IV. The last crawfish stored in the tanks were on

fhe 6th November, when the ammonia iével was much sbove the level .
at which signs of stress had been observed. These crawfish sufvived

well enough but showed signs of loss of balance and dizziness.

i
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QABZE IV. Ammonia levels in storage tanks at Tralee

Date. Ammonia (ppm.)
Jun 1 0.01
Jun 6 C.05
Aug 1 G.8

Nov 21 2.5

_ﬁThis continued buii&wup'of ammonia raises the guestion as T0 how
flong the tanks could have continued to operate satisfactorily if
the season had not come to a close. The oyster shells seem 10 have
worked satisfactorily to keep the level even as 1low as they did,
and it is possible that an increased amount of shell might achiéve
“the desirable result of keeping the ammonis level below the Stress
level for crawfish. No signs of discomfort were seen inlobsters
stored even at the highest levels of ammonia, and it appears that
they are much more tolerant of this substance than are crawfish.
Further development of the purification sys%em is needed and it is
prOPOEed to carry out investigations in this regard at Dunmore East,

during 1974.

The effect of temperature and ﬁhe value of keeping it down have
been discussed earlier. During the 4 monthe of the tanks operation
the highest temperature reached was 18°¢c., (66°F.), for one day,
otherwise they never went above 16.5°¢, (62OF,), and generally

remained below 1500..

Salinity meésurements tended to rise during the season due to
evaporation, Water lost from the tanks by evaporation and by
being carried out when fisgh were removed was topped up with sea-
water. The high salinity was never a ceuse for worry and, indeed,

may have been beneficial, especially for the crawfish.
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;General cbservations on the tanks (mainly provided by Mr. J C'Dowd)
"relate to the colecur of the water and the symptoms of dizziness
famong the crawfish. The water tended 3o take on a brown opaque_'
:appearance if high levels of stock were held. This colour was
;prcduced by matverial dissolved in the water which couwld not be
.filtered out. If sbocks were reduced, the colour dissapeared afber
a few‘days. The cause is not known bubt it seemed to be of no greatb

“harm, except in that it indicaitsd possible overloading of the tanks.

Stress symptoms similar to those desgcribed were observed at the
beginning of August when the ammonla level was already quite high.
This forms a verj valuable blological indicator especially as
crawfish show these signs well before the ammonia appears to be toxic

to them.

General Comments zand Conclusions

The tanks have been & succesgs in that large numbers of crawfish and
lobsters were stored &uring the season without excessive mortality
(apart from the initial mortality caused by overstocking) and without
haﬁing to change the water. There appearsto be no outstanding

problems in the storage of lobsters and it seems that the 1,200 1b

limit which was based on crawfish research can equally well be

applied to lobsters desyité their proportionatly greater oXygen
requirement. The outstanding difficulty with crawfish lies in their
sensitividy to ammonia. It ie hoped that it will be possible to
greatly improve the purification system, to control the ammbnia

level below that which causes stress in crawfish. However even now it
has proved possible %o handle at least 670 1b, mainly of crawfish,
over a 4 month pericd without appreciabie mortality and without

having to change tank water. Tuis and the convenience of the

tanks are the main ackievements of the experiment.
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