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reduced growth, regardless ol phosphorus
supplementation.

We also have soma hislological data that Dr. Sis
presenled and is currently lollowing up on. There
are some very inleresling histological changes that
has been reported-lor the lobster in conjunclion
wilh calcium to phosphorus ralio and there ellects
on cuticle lormation, Currently Dr, Sis is evalualing
the shrimp from our mineral sludies lo see il codicil
malormalion also occurs in P. vannamei.

Another mineral thal is quile interesling is
copper. This mineral functions in absorplion and
metabolism of iron. Numerous copper dependent
enzymes, such as cytochrome C oxidase and
superoxide dismutase which in lish and temestrial
animals are very good indicalors ol copper
nulritional status. It also fundlions in collagen and
elaslin synthesis which causes lailure ol structural
lissues and is one ol lhe reasons for enlargement of
the heart in Cu delicient animals. Some marine

_ animals such as mollusk and crustaceans ulilize

hemocyanin as the oxygen camying pigments, thus
increasing the physiological requirement.

We have ran several 6 weoks growth sludies
with P. vannamei. For these sludies we starled with
a 40 mg shimp and maintained then for 7-10 days
prior 1o iInitiation ol the growth Irials on a semi-
purilied diet without supplemental copper. The
conditioning period is designed lo deplete lissue
slores so that a “quicker® response Is achieved. Al
the conclusion ol the 42-day feeding lrial, a dietary
copper requirement ol no more than 34mg Cukg
diel was observed. Dielary copper deliciency was
characlerized by poor growth and depressed copper
concanlrations in the hepalopancreas, carapace and
hemolymph as well as enlargement ol the hear.

It is Interesling lo nole thal we have evalualed
copper supplements as high as 128 ppm copper and
wa did not gel any loxicity ellects under the
experimental condilions. We have also Iried to
ulilize hepatopancreas superoxide dismutase
aclivity, We Iried 1o utilize the same methodology
used lor lish; however due lo the presence ol
proleolylic enzymes we were unable to oblain
accurale readings.

| would like 1o nole a lew other problems or
observalions lthat we have made in the course ol
this work. To evaluale Irace nuirient requirements
a long experimenlal period and rapid growth rales
are required on a semi-purilied diel. Since the
nulrient requirements of shrimp are notl well
eslablished diets may not be complele, thus
survival and growth are nol always as good as we
would fike. Also the probability ol disease problems
and the effects of poor larval quality Increases.
Diseases problams, something most labs do nol like
lo admit 1o, have caused us a greal deal ol problems
over lthe las! year. Many ol the diseases we saw
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were ellecling the histology of the hepalopancreas,
since lhis organ is imporant in absorplion, slorage
and melabolism ol nulrients these diseases could
conlound results. Hence, the presence of diseases
should be evalualed al lhe conclusion of each
expariment.

Castell: In all this work with Copper thal you
have done you didn't by any chance look al other
minerals like silver. The researchers in our Halilax
Fisheries Research Lab have been looking al loxic
heavy melals in cruslaceans lrom the wild. They
noled that there was a direcl correlation between
lhe copper and silver levels in cruslacean lissues,
especially the hepalopancreas. When we did a
leeding level sludy lo Iry and delermine the
essenlial level of copper in lobster diets, the level
of silver in the hepalopancreas increased in a direct
linear response 1o the level ol copper in the diel.
Wae gol lo a cerlain point where increasing copper
dapress growth. From 0 lo about 4.6 ppm copper we
gol an increase in growth response above thal level
ol copper growlh was depressed. The ralio ol
copper lo silver in the hepatopancreas was about 1
ol silver 1o 30 ol copper. When we added silver 1o
the diel at the level of 1/30th ol the optimum
copper level with no copper, the sitver caused a
growih depression . When we also added lhe
oplimum copper level lo the diel, lhis added silver
gave a significanl growlh enhancemenl compared lo
copper alone. Al levels above the oplimum copper
when the growth would be depressed, the growth
depression was much less with thal small amounl of
silver there. The silver is relaled to copper in some
way. Exactly whal, il any, is the role of the silver
is a question. In your sludies can you look al silver
in any of the lissues 7 .

Davis: Cumently our lab is nol equipped 1o look at
sitver and unfortunately we have nol looked at il.
There are a variety of interaclions thal need lo be
evaluated bul we are Irying lo keep things simple
until we have good base line dala. What methodology
were you using lo evaluate silver levels?

Castell: We are wusing alomic absorption
spectropholometer.

Davis: We do not have a lamp for silver in our lab.
What | have tried to do In my research, is lo
priorilize the minerals. | lirst look al the mineral
we are sludying, then il | have time and enough
sample we look al minerals with known interactions
and lasily | look al other mineral thal we have
lamps for just to see what may pop up. There are
numerous interactions and basically we are Irying
o keep things as simple as possible. Although | did
nol presenl the dala for the calcium and
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phosphorous experimenls | ran copper, iron, zinc
and potassium. However, when you lry o evaluale
all these minerals it gets real conlusing and there is
no base line dala 1o compare il lo. Although, | leel
the lish and vertebrale research is resonably
comparable on requirements the physiology and
lissue mineralizalion may nol be.

The inleraction with silver is interesting, | will
look for word lo seeing the dala. f we gel lhe lime |
will keep it in mind lor luture research.

Castell: The group who do the mineral loxicology
work in our lab where the first ones to pick up this
direct correlation between copper and silver. It is
unique compared lo most any olher mineral
Interactions. | am particularly fascinaled by the
fact that dietary copper slimulaled increased
incorporation ol silver in the lobster. They looked
al several other crustacean species from lhe wild,
like _Cancer irroratus (the rock crab). Could you
send some of your lissue samples lo someone else
that could do the silver analysis; it would be real
interesling.

Davlis: Yes it is a malter ol linding a lab wilh the
equipment and the lime available. We are limiled, |
am working with fairly small animals, so | have a
very limited amount ol tissue sample lo work with.
And when you are dealing with trace elements, you
really need a lairly concenlrale sample. So thal
complicales lhe issue even larther, bul if we do gel
the opportunity | will keep that in mind and look Inlo
It in the luture.

Kim Harrison: Where you looking at blood levels
and lissue levels? i

Davle: Yes, we looked al hemolymph levels as
wall as the carapace and hepalopancreas levels. In
the first experiment, we evalualed the hemolymph
but we had a lot ol variation, primarily due lo
maethodology problems. Once we ralined the melhods
for our later experiments we gol good resulls. We
also looked at the hepatopancreas, hoart index, the
hepalopancreas index. Wae really didn't lind
anything interesting in the hepalopancreas index.
The carapace was selecled as a very easily
dissected portion of the animals struclural lissue,
mainly because il is so easy lo remove. We also
looked al superoxide dismutase levels, which | had a
greal deal of problems running because ol
interference from other enzrymes and other radicals
within our homogenate. We also ran cytochroma C
levels on the hearl. Cytochrome C lovel ran laidy
well, however, lhere were no signilicant
dillerences between lrealmemt means. This was
probably due lo melhodology problems and the

inherent dillicully in gelling a good quantilative
number with such a small lissue.

Dick Houser: Il you go back jusl a litlle bil. When
you presenled calcium and phosphorus dala, when
you didnt supplement the calcium | believe there
was no dillerences in phosphorus, was lhere a
statistical dillerences.

Davis: | donl believe thera was a dillerence
between the phosphorus levels In the absence ol
calcium; however, lhere ara significant dillerences
between means. The problem which people do not
appreciale, is thal a lol ol nufritionist run a SNK or
mens separalion lesl on their dala, which is not
very appropriate for mosl ol the sludies. | have
presented regression analyses which slatistically is
much more appropriale and provides a beller
description of whal is happening and Is more uselul
in evalualing formulations.  Unlortunalely, the
response Is lairly complicaled so the regression
does not fil as well as | would like. However, lhe
equalions are significant and the response is quite
clear. Il you evaluale the dala with means
separalion (which slalistically is nol very
appropriate) you gel signilicanl dillerences
between lhe mean: however, | have a faclorial
experiment with a signilicant interaction,
consequently means separation s exlremely messy
and very inappropriale. From a slalislics
standpoint the appropriate way lo locok al this dala
Is 1o do a conlour plot (response surlace plol) and
look for plateau's or hills and valleys in the dala.
Unlortunately, for this dala the plateau Is predicled
1o be al a negalive calcium level and Is outside our
tesled rangeo.

Harrison: To whal exlent are you slandardizing
for molt cycle and how many animals do you
analyze in lerms ol your replicalion? You menlioned
how many experimenls are being run, butl for
instance in a given analysis Is thal on the individual
animal or Individual lissue?.

Davle: Within the small lank system we starl oll
with a 10 lo a 40 mg shrimp and we end up wilh any
where lrom 1.5 lo 2 gram shrimp aller 4-5 weeks.
We do nol lollow a moult cycle | have 128 buckels
each slocked with 10 animals. It lakes about 6
hours lo maintain the syslem. Since the shrimp are
nol maintained individually we can not follow the
number ol molls in our parlicular system. For the
Ca:P experiments we slarted the experiments wilh
10 shrimp per buckel with 8 replicatles, al the
midpoint we reduce the numbers lo 6 shrimp (thus
minimizing the effecls of density and allowing us lo
collect lissue samples and weights N needed). When
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| gel lo my lissue analysis | pool Iwo buckels
(reducing the replicales lo 4). Out of the pool | pull
oul 4 shrimp for histology thal going lo hislology
work done by Dr. Sis. Then from the remaining
animals | take my sample lor mineral analyses. By
gross idenlilication we only utilize shrimp in the
intermolt stages. This leaves me with 6 lo 8
animals in a pooled sample lor each ol the lissues
that are in the intermolt cycle. We just crudely gel
rid ol the two ends of the moll cycle. I would be
nice if you could go in and idenlity each slage of the
moult cycle and then correlale 1o moll slage.
However, due lo restrictions on lime and numbers
of animals such a melhodology is not practical. The
moult cycle really does complicate things, we do
get a lair amounl ol variation within our dala which
is probably due to the molt cycle. All of my
experimen! have been conlirmed by preliminary
runs or a second complete run. Unlortunately, due
to the design of our lab we occasionally introduce
diseased animals which lhen contaminale the lab,
although, the response is usually the same we
discard experiments with sick animals lo ensure the
validity of our dala.

Romlo Saurle: What about the source? Is the
source ol copper imporlant?

Davie: In all my studies we are using soluble
forms ol minerals. Remember, the digestive pH of
shrimp is close 1o neulral, consequently minerals
will not be as available as they are in animals with
an acidic stomach. Consequenlly, we Iry lo utilize
waler soluble forms. We do leed these ad libitlum,
12 limes a day lo conlinuous depending on the
amount of food in the feeder. Leaching from the diet
should be minimized by our conlinuous leeding
procedures. Solubility rom the leed is a problem
that needs lo be looked inlo. Additionally, the
bioavailabilty of different sources mus! also be
evalualed. In general, work with the carp which
would be tha best models for mineral
bioavailability. The more waler soluble the mineral
the beller off you are. The sludy of mineral
nulrition is very complicated. It is nol a very
straight forward lield. There are lois ol problems
so you just try lo minimize confounding lactors,

Dean Aklyama: Did you look al % solubility or
leach ability of these minerals?

Davis: No, unloriunately we didnt. We are under
the assumplion thal with our conlinuous leeding il is
minimal. Wa have lo start somewhere wilth the
basic practice. Once we have identilied that there
is a polential nutritional requirement or there is an
essenliality in the diels, then we will have lo go
back and do a lot of work. We are no where near
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where Ihe lish people are. We have a lairly slable
pellel. We just hope it is minimized by the
conlinuous leeding pallems we use,

Cuzon: It would seem thal the requiremen! lor
copper is very linked lo respiration in crustaceans.

Davis: Right, the added physiological requirement
ol hemocyanin may increase lhe requirement lor
copper. However, il you look al Lhe literalure
invertebrales seem lo be able lo scavenge
hemocyanin during slarvalion and lolerale wide
varialions in levels. Anyways, we need allol more
work in this area belore a clear piclure can be
drawn.

Houser: There is a problem with knowing what
level of iron supplementalion is necessary.

Davis: We have locked al thal. | was going lo
covar lhat next. We did nol direcily evaluate the
copper-iron Interaction; however, we did evaluale
lissue levels in both our iron and copper studies and
| did not see lissue responses that would indicate an
interaction under our experimental conditions.

Houser: Would you .expect the interaction in
sheimp 1o be less because there is no hemoglobin?

Davie: There are Iron based respiratory
plgments in the crustaceans. Quanlitalively in
vertebrates, the majorily ol iron is involved in
hemoglobin or lissues involved in hemoglobin
melabolism. Consequently, you would expecl a
reduced requirement in tha cruslaceans. Bul there
are a variely ol othar lunclions lor iron besides
hemoglobin.

In our evaluations of a dielary iron requirement

‘we evalualed iron supplements ol 0, 4, 20, 40 and

80 mg Fe/Kg lo a basal diel containing 12 mg Fe/kg.
Al the conclusion of a 35-day leeding Irlal (with an
additional 7 day precondilioning period) a dielary
iron requirement was nol demonsiraled, indicaling
that the dielary iron requirement ol shrimp was no
higher than 12 mg Fe/kg. This value is lower than
raquirement values reported for various fish
specios, and is presumably due lo the presence of a

. & copper-based respiratory pigment as opposed lo

an iron-based pigmenl.

Iron levels of the lissues (hepalopancreas and
carapace) increased linearly and did not lollow a
response that would indicate a dietary requirement.
The inleresting thing about iron is that it is nol only
essenlial but it is also polenlially toxic, and it also
adversely allects leed stability. Dr. Deshimaru and
work conducted by Dr. Kanazawa with P. japonicus
also lailed 1o demonslrale a dielary essentiality of
iron bul did indicale a inhibitory ellect on growth at
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high levels ol dietary iron.

We have also evaluated the zinc requirement
ol P. vannamei. Zinc is also required in a wide
variely ol enzymes. Requiremenls lor zinc have
been demonsirated in Ireshwaler lish, but they
have nol been evalualed for sah waler species. We
evalualed 0, 15, 30 and 60 mg Zn/kg in the absence
of phylic acid and 0, 60 and 120 mg Zn/kg diel in
the presence ol phytic acid. Sodium phylale was
used as the source ol phytic aid in this experimenl.

The lack of dielary zinc supplemenlalion during
a 35-day leeding trial did not allect growth and
survival of the shrimp but depressed the zinc
conltent of the hepatopancreas. Zinc content of the
hepalopancreas were maximized with the
supplementation ol 15 mg Zn/kg diel (33 mg lolal
Infkg) or greater. Which would indicale the

requirement lo be no higher than 33 mg total Zn/kg ,

diet. The presence ol phylate reduced the
bioavailability ol zinc and consequenlly zinc
mineralizalion of the lissues. Thus, in the absence
ol phytate, shrimp leeds should contain 33 mg
Zn/kg and in the presence of phylale approximalaly
200 mg Zn/kg diel.

We have also looked al selenlum. This mineral
appears lo exert s major effect as an inlegral
component of the selenoenzyme glulathione

peroxidase. This enzyme calalyses lhe transler of

reducing equivelanls Irom reduced glutahione lo
hydrogen peroxide or lipid peroxides, serving lo
prolect polyunsalurated phospholipids in cellular
adn subcellular membranes from peroxidalive
damage. In our lirst study we looked al selenium
with replete vitamin E levels. We are hoping to
conlinue the research and look al the Interactions
belween selenium and vitamin E. which has
produced dillerem deliciency symploms in fish than
just a selenium or vitamin E deliciency alone. The
supplementation of selenivm (0.0 0.1, 0.2, and 0.4
mg Se/kg) resulled in a iairly linear increase in
weight gain. We did gel a depression in growth
which was medialed by the supplementalion ol 0.2
1o 0.4 mg Se/kg. However Lhe response was nol as
clear as we would like. Although, these resulls are
nol lirm il does appear thal shrimp do require
selenium and thal the requiroment is probably
similar 1o the 0.2-0.3 mg Se/kg that is reported
for mos! species.

In summary, | would fike 1o nole thal we
are recommending the avoidance of high levels of
calcium and that phosphorus should be supplemented
from a waler soluble form (eg. calclum phosphate
monobasic or polassium phosphale). Due lo the
variable bioavailability of minerals lorm practical
ingredients the supplememation of Cu, Mg. Mn, |,
Se and Zn Is generally warranted.

Aklyama: Al what level did you gel growth
depression?

Davis: Al 0 and 0.1 ppm.
Aklyama: So you did not lind the upper fimil?

Davis: No. Although, there was depressed growlh
al 0, 0.1 and it appeared lo level al 0.2 and 0.4 the
resulls are not as clear cut as we would like to see.
We are hoping lo rerun with six levels ol selenium
which will give us a more precise eslimale of lhe
requirement,

Houser: Does the FDA have an actual maximum
level ol selenium lor shrimp leeds? For all other
animals it Is 0.3 ppm

Davis: As far as | know the maximum level is
around 0.2-0.3 but | dont know il there is one sel
for aquatic leeds.

Chamberlaln: On rancid diels would you
recommend using higher levels of selenium?

Davle: | do not recomed the use of rancid diets or
oils. However, there are some sludies with fish
(none with shrimp) thal Indicale thal there ks a
benelicial elfect of exlra vitamin E. Selenium is
foxic and bioaccumulates, thus excessive
supplements are nol recommended. Consequenily,
lor diels that may be exposed lo harsh conditions
there may be a benilicail elfecl ol extra vitamin E
and other antioxidants.

Koshlo: How much do you think the shrimp size
ellecls the levels ol mineral required? N will be
important to know in lormulaling diets for grow-
oul.

Davle: All ol our work was done with very small
shrimp. The problem with minerals is thal you have
fo deal with the physiological stores. The nutritional
slress placed on the animal is very important. With
the small animal we can induce a lot ol nulritional
slress. The faster growlh resulls in [laster
turnover ol mineral stores. I we were working
with larger animals we would have lo greally
extand our research period lo gel similar results. Rt
should bs noted thal even in pond situations at semi-
intensive levels the delelion of the mineral premix
from a praclical diet will result in growth
depressions. Consequently the mineral premix Is
very lmporlanl even in growoul.

Another comment thal | would like o make is
that all of the minerals requirements delined have
to be laken within the conlines ol the experimental
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conditions. There are many lrace elemenls which
are very dillicull lo evaluale. My favorile example
is manganese for which deliciencies in the brood
stock are passed lo the ollspring resulling in poor
halch and Iry survival. We do not know anything
about the mineral requirements for brood slock.

Koshlo: | was just wondering. Mineralization may
depend upon moll stage. Il you are using small
shrimp, intermoll stage C may be shorter, so
mineralizalion aller molt, belore molt during molt
may be dillerenl. Did you check molt stage when
you analyzed lhe animals?

Davis: No. There is a great deal of literalure on
varialion in lissue composilion and mineral
mobilization through the molt cycle, bul | was
specilically interesled in dielary requiremenl. Once
we have eslablished a requiremenl, we can move
into looking al these other things. It would be very
nice lo look al each slage lhroughoul the Irial, but
thal would be a greal deal ol work. | have already
chewed off more than | can handle.

Chambelain: Can you summarize whal Ray Sis
found in his histological study?

Davis: Dr. Sis did look at all ol our diseass
problems and evalualed the animals for histological
changes. Hislological analysis especially on a
relatively small sample is very qualilalive. In
general we have had greater disease or less
resistance lo disease in our mineral delicient
animals, especially In the cakium and phosphorus
sludies. We have been able lo identiy thinning of
lhe cuticle, especially al the high calcium levels.

Unidentitied Speaker: One other gueslion about
the source of the minerals. Were these all sullides?
Becausae when you are applying it is imporiant lo
balance the sullate and the chloride. And were they
all feed grade?

Davle: They were nol all sullides. Some were
chlorides. When they were available we used ACS
grade minerals, olherwise wa used Fisher Puriliod
grade. We ware working with very pure waler-
soluble salts. Wilh the exceplion of polassium
cilrate we did nol use any of the cilrate forms.

Harrlson: Is any one going lo ba camying on these

" mineral requirement sludies aller you have

compleled your thesis?

Davie: Hopelully | will be able 1o continue in this
lield, depending on what facilties | have available
once | graduale.
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Houser: | just wanl lo congralulale you. Bacause
working wilh minerals is hard enough but lo study
mineral requirements wilth shrimp particularly
difticull.
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