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Tod;,\y. I would like to prescnt II very Inlo rmal 

prOSOnlallon of 100 work thai I havo bo on conducting 
and lark aboul specilic problems thai we havo had in 
dealing wilh minoral roquirements of shrimp. In our 
preliminary work wo utilized a shotgun I ype 
approach to Identity which mincro.ls may be 
essontlal In the die1. Utilizing a casein-gclatin based 
semlpurified diel we evaluated Iho indiv idual 

of 13 minorals Irom tho mineral plo -mix. 
In this ' preliminary experiment /I significant growlh 
depression was nol observed. When eva luating 
mineral requiromont s growlh is olton a poor 
indicator 01 Ihe nutritional status 01 the animal. 
This Is primarily duo 10 Ihe animo Is abil ity 10 
mobifize minora I slores 10 maintain growth rales. 
Thb couplod with other extornal laclors oUecling 
growlh mako3 staHslical dilferenco3 much more 
diflicull 10 produce . Consequenlly, mlnoral stor09 
and enzymalic adivitie3 are of ton bottor indicntor9 
01 minoral statu9 01 lhe animal than growth by 
ilsel. on tissuo response , lound Ihat the 
doJotion of Iron, magoo9rum. mangane so, zinc and 
copper from tho mlnoral premix resuhod In lis9UO 
dopro99lon9 In shrimp led Ihoso diets . Thu3. 
indicating a d"Kllary response which may indicate a 
defidoocy of lheso minoral3. 

Based on lhis preliminary work . oconomic 
considorations. hlslorical dala basod on fish, we 
recommended thai further reeearch needs 10 
be performed on calcium, phoephorue, Iron, 
magneelum, manganeee, zinc , copper and 
eelenlum. We abo lound lhal thoro wns a possibJo 
interaction between polaS3Mn and magnesium lhal 
we recommended lhoro be fur1her r03e8lch donG on. 
My par1lcular docloral worlc has concenlrated on 
ovalunllng tho diolary requirem enb lor ca lcium. 
phosphorus, coppor. Iron, zinc and sclcnium. 

It 'hould bc notcd lhal aquatic ani mob can 
oblaln somo mlncrals hom thc wale r through 
dlinking and by dirocl absOfplion. In sah water 
conditions thoro are e of mineral3 in the water, 
consoquentty par1 or all of Iho physiolog ical 
requirement may be mel Itvoogh absorption hom 
the water. 

Addillonally the presonce 01 natural 
productivity may 'Ignilk::antly affect the need for 
mineral supplemenls In prepared loods. This is 
IHlI3lrated by a which was presented at tho 
poster sossJon. In this the eHect 01 substrnte 
And 58l1nlly was evaluated lor It s ability 10 
compensete lor lhe deletion 01 the mine reI 
supplomenf h lhe reed. At 10 ppl, whon there b no 
substrate present , the deletion 01 the mineral 
premix re,u"ed In a 12'% reduction In growth; 
whereas, a t 35 ppl lhere was only a 7% reduction 
in growth. Too, Indicating lhal al higher salinillo3. 
which contain higher levels 01 mlnerals, the 

exp ression 01 a de liciellCy was mediat ed . The 
interesting thing about thi3 study was Ihat. when 
substrato was present, the groW1h depression wa s 
even smallor. These res uUs Indicate on n re lative 
basis, the substrate and organisms associated with 
it appear to have a grOBtN contribution to the 
minoral status than tho wate r and its associated 
organisms . 

It Is clear Ihal the cullure environmenl (e .g. 
salinity, presence 01 nalural productivity) can 
allecl the Identification 01 8 minoral requirement 
Consequenlfy, we mus' Idenlily mineral 
requiremenls and Ihere deficiency symptoms in tho 
!aboralOf)' under controlled conditions . Once they 
are ldentilied In lhe laboralory, then tho ellec ts of 
olher variable, such as availability of nalural 
foods, can be evaluated. 

As we an know, cak::ium end phosphorus are 
two 01 lhe constituents 01 the Ofganic pOf1ion 
01 feods . Over supplemenlallon of lheso minerals 
dire cIty and indirectly increase the cost 01 leeds 
and allocls· the availability 01 other nutrients . This 
Is not just limited to cak:ium and phosphorus Ihore 
are a greal deal of inCeraclions whfch OCClK within 
tho other minerals . 

The most notable Inleractlon occurs belweon 
calcium and phosphOfus and Is .... ery Impor1anl 
because of calcium' Inhibilory ollecl' on 
phosphoru' bioavallability. Currenlly In the U.S .. 
and several oIhor counlrios, pollution 
from the ellloont of lish larms ha, received allot 01 
allention. ConseqoonUy. there Is a greal doal of 
Inleros' In reducing excessive ,upplemen1.S 01 
pho'Sphorus. Henco, the determioeUon of calcium and 
phosphorus require monls in cruslacea Is ve ry 
import ani . 

Phosphorus, unlike calcium, Is very NmlTing in 
the natural envlronmont, so " must be 
supplomonted In the diet. In our work, we used a 
4x" laclor/al experiment to look at the calcium 
phosphorus requirement of P. vannsmel. A loC'lorial 
design was utilized 10 evaluale the Interaction 
between calchJm and phosphOfus. The basel diel 
(casein-gelatin) contained 0.03% Ca and 0 .35% 
phosphorus. AI the conduslon of a 33-day feeding 
Irlal, a dietary requirement IOf calcium was nol 
lound: however, a significant Interadian between 
calcium and phosphofus suggosled thai calcklm 
decreased the bloavailabilify of phosphorus. In tho 
absence of calcium supplemenCllUon, lhe basal diets 
containing 0 .35% P was adequate to malnlaln 
normal grOW1h and survival. In the prosence 01 
1.0% and 2.0% supplemental calcium. the 
sUpplementation of 0 .5 to 1.0% phosphorus and 1.0 
to 2 .0% phosphorus, respedlvely. was required to 
malnlaln normal growth. Shrimp led diets 
supplemented with 3.0 and 4 .0% calcium had 
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reducod growlh. regardless o f phosphoru s 
supplemonlalion. 

We also have some hislological da ta that Dr . Sis 
presented and Is currontly following up on. Tholo 
are some very InlotCSling hislo logiC<l1 changes Ihal 
has boon repor1od · lor Ihe lobsler in conjunclion 
with calcium 10 phosPOOru5 (sl io and Ihore olloels 
on cutlcfe formalion. CUlronUy Or. Sis is cvalualing 
tho shrimp Irom oor mineral studios to seo if codicil 
maHormalion also OCCll'S )n P. vannamei. 

Anolher minoral lhal is quilo inleresling is 
copper. Thi3 minoral luoclions in absorption and 
malabolism at Iron. Numerous coppe r dependent 
enzymes, such as cytochrome C oxidase and 
superoxlde dbmulasa which in lish and lorrosltia l 
animals are very good indicators 01 coppor 
nutritional slalus. h .Iso lundions 10 coRagon and 
elulin synlhesls whkh causes failuro 01 slruclUral 
tissuos and i5 ono of the reasons lor enlargemonl of 
the heart in Cu dollcient anima's. Some marine 
anima" such 35 mollusk and crustaceans utilize 
hemocyanin as the oxygen canyiO!J pigments, thus 
inaeasing the physiological requiromont . 

We have ran several 6 weeks growl h sludlos 
with P. vanname/. For lhese studies we starlod with 
a 40 mg sMmp and maintained thon lor 7· 10 days 
prior to lnitlalion 01 the grow1h Iria ls on • seml­
puriliod diel without supplemental copper. Tho 
conditioning period is designed to deplolo tlssuo 
storos so thai a 'qulcker" response Is achieved. AI 
lhe conclusion of the 42·day leeding trial, a dietary 
coppor roquirement of 00 more than 34mg CuI1tg 
diet wes observed. ~ietary copper deliciency was 
characterizod by poor growth and deprossed coppor 
coocontratlons in tho hepatopancreas, Carapace and 
hemolymph as well as entargemont of tho heart. 

II is Interosting to naCo that we havo evaluated 
copper supplements as high as t28 ppm copper end 
wo did nol gol any toxicity olloct' undor tho 
e xperlmenta, condi1ions . We havo also tried 10 
utilize hepatopancreas superoxldo dismulaso 
adivity. We lried to ulilizo the same mothodology 
used lor lish: however duo 10 tho presence of 
proleolytlc enzymes we were unable 10 ob tain 
accurato readings . 

I would like 10 ooe a lew other problems or 
obsorvations thai we have made in Ihe courso of 
this WOfk. To evaluate tface nulrient requirements 
a long e xperiment'" period and rapid growth rates 
8Ie rOQUlred on • semi·purifiod diol. Since the 
nUHlont requirements 01 shrimp are not woll 
established diets may not be complete, thus 
survival and grow1h are noc atways as good as we 
would like . Abo lhe probability of disoase problems 
and tho eNeels of poor larval quality increasos . 
Disoas.os problems, something m<nt labs do not (;ke 
10 admit 10, have caused us a grGaI de~ of problems 
ovor tho l331 year. Many 01 tho diseesos we saw 
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were ellecliog the histology 01 tho hepotopancroas, 
since this organ Is importilnl In absorplion. sl()(aoo 
and metabolism of nutrients the se disoases could 
confound rosulls. Hon co, tho pr esenco of disoa~e s 

should be evalualod tit the conclusion 01 each 
experimenl. 

Castell : In all Ihi s work with Copper that you 
have done you didn"! by any chance k>ok a t other 
minera ls like silver. Tho researchors in our Halifax 
Fisheries Research lab have bee n k>oking a t toxic 
heavy melals In crustace ans hom the wild. They 
noted Ihat thoro was a diroct correlation botween 
the copper and sitver levels in crustacoan tissues . 
espocialty the hopatopancroas. When we did a 
leoding lovel sludy 10 Iry and del ermine the 
essenlial Iovel of copper in ·Iobster diels. the level 
of silvor 10 tho hopotopancreas increased in a dired 
linear re sponse to lho kavel of copper in the diel. 
We got to a certain point whore ,"creasing copper 
depress grOW1h. From 0 10 about 4.6 ppm COPPOf we 
got an increase in grOW1h response above thai klvel 
of coppe r growth was de prossod . Tho ratio of 
copper to sitver in lhe hcpatopancreas was about 1 
01 sWYer 10 30 of copper. When we added sitvor 10 
Ihe diel . , lhe level 01 1130th of Ihe optimum 
copper level with 00 copper, Ihe silver causod a 
grOw1h depression . When we also added the 
optimum copper levol to the diet, this added sitve r 
gave a significant growth enhancement compared 10 

copper aione. AI klvels above lhe optimum copper 
whon lhe growth woold be deprossed, tho growth 
depres.slon was much less with thai sma. amount of 
silver thoro . The silvor Is relaled 10 copper in some 
way. Exactly whal, II any . is tho rolo 01 the sitvor 
is a quostion. In yOUf studies can you look at sitve r 
in any of lhe tissues ? 

Oavla : CUrTertty our lab Is not equipped to look at 
sitver and unfortunately we havo nof looked at it . 
There aro a variety of interactions tha t need to be 
evalualed but we are trying to keep things s implo 
unlil we have good base line data. What melilodok>gy 
wore you using 10 evaluate silvor klvols? 

Caalell: We a re 
spectrophotometer. 

using atomic absorption 

Oavle : We do not have 0 lamp lor sitvor In our lab. 
Whal I have triod 10 do In my research. is to 
prioritize lhe minerals. J lirsl look al Ihe mineral 
we are sludying, then if I have lime and enough 
sample we look a' minerals with known IntOfactions 
and Lastty I look al olher mineral lhal we have 
lamps lor just to see whal may pop up . Thero a re 
numerous inter.dians and basK:alty we are Irying 
10 keep things as simpkl as possiMe. AJlOOogh I did 
nol presenl the dala for Ihe calciu m and 
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phosphoroln experiments I ran copper . fron. zinc 
and potassium. Howevor , when you try 10 evaluato 
all theso minerals it gets roal coolusing and thare is 
no basil line data 10 compare it to. Although. I leel 
the lish and ver1ebrate ro se a rch is res onably 
comparablo on requirements tho physiology and 
tissue mineralization may not bo o 

Tho interaction with silver is inlemsting. I will 
look lor wOfd to seeing the da ta . If wo get tho limo I 
will koop it in mind IOf luturo rese.m:h. 

Castell: Tho group who do the mineral toxicology 
wOfk In our lab whoro tho fir st ones to pick up Ihis 
dir~ct cOffelation bolwoon copper and s ilver. It is 
unlquo compared 10 most any other minera l 
inte ractions. 1 am particularly fascinated by tho 
fa ct that dlelary coppo r s limulated Increasod 
Incorpoca tion of ~lver in the $obster. They looked 
at $Overal olher crustacean specios from lhe wild, 
liko _Csncer ;"ora(lI$ (1h6 rock crab). Could you 
send some at your tissue S<lmples 10 someono e lso 
Ihol could do tho silver analysis: JI would bo real 
intorosting . 

Davis : Yes ill Is a mallor ~ finding a lab with Iho 
oquipment and tho timo availoblo. Wo are limitod, I 
am working with lairly small animals. so I have a 
vory limitod amount 01 tiS3UO umplo to work with. 
And whon you aro dealing wi th traco e lOmflnts . you 
realty need a Isirly concontrale samplo. So Ihat 
comprJCates the i5sue ovon larther. bul M' wo do gel 
tho oppOf1unify I win kMp Ihal In mind and look Into 
II 10 lhe h.lh..-e. 

Ki m "'anlson: Whore you IoOOng al blood Iovels 
and lissuo Ievols? 

DavIs : Yos, we looked at hemotymph levels as 
woll as the carapaco and hepalopancroas levols . In 
Iho lirst experiment. wo evatuatod the hemotymph 
bul wo had a 101 01 varia tion, primarily duo 10 
molhodology pfObloms . Once we rolined the mothods 
lor our Iolor exporimonts we 904 good ro sults. Wo 
also looked al lhe hopatopoOCfoBS, heart index. Iho 
he palOpo.ncreas Indox . We roally didn'l lind 
anything Intorosling in Ihe hopalopancroas indell . 
The carapaco was soloct ed as a very easily 
dissected portion of the anifm'ls strudural tissue. 
mainly because it is so oasy 10 re move . We also 
looked at s.uperoxide di3mua5e levels. which I had a 
groal doal of probloms running because of 
inlorforenc8 from alher enzymes and ~her radicals 
wjthin OU' homogenate. Wo also ran cylochrome C 
levels on the heart. C ytochfOrR8 C lovol ran lalrly 
we ll. however, Ihere wore no significant 
dillerenC85 betwoen Ire almont means . This was 
probably due 10 methodology problems and the 

Inhoront dillicully In gelling a good quantitative 
number with such a small tissue . 

Dick Houser: "you go back just a litl10 bit. When 
you presented calcium and phosphorus dala. when 
you didn't supplemonl Iho calcium I believe there 
was no dillerences in phosphorus . was there a 
statis tica l dillere nces. 

Olvl. : I doni believe Ihero was a dillerence 
between lho phosphorus leve ls In Ihe absenco 01 
calcium: however, there aro s ignificanl dillerences 
betweon means . The proble m which people do not 
appreciate. is Ihal a 10( 01 nU1ritionls l run a SNK or 
mons separation le s l on thoir data, which is not 
very appropriate IOf mos t 01 the sludles. I have 
presented regression analyses which slatislicaDy is 
much more approprlale and provides a bell er 
dosaiplion 01 whal Is happening and is more uselul 
in ovaluallng lormulalions . Unlorlunolely. the 
rosponn Is laifty complkalod so the lagrosslon 
does no( fit as wen as I would like . Howevor. lhe 
oQUations are '}gnilicanl and tho response is quito 
c loar. "you evaluate Ihe dala wilh moans 
saparallon (which slatlstlca lly Is nol vory 
appropriate) you get signlflcanl dillerencas 
belweon Iho mean : however. I have a lacloriat 
experlmenl wilh a significant Interaction , 
consequonlty moans separation ls e xtromely meS$Y 
and very Inapproprlale . From a slalisllcs 
standpoint lhe appropriate way to rOok al Ihls dala 
Is 10 del: a confour plot (responso surface plot) and 
look lor plaloau's or hms and vaneys In lhe dala. 
Unlortunaloly. lOf this data lhe plateau ls predicted 
10 be al a 009allve calcium level and Is outs ide our 
tastod range . 

Ha"l_on: To whal. oxtent oro you s landardizing 
lor mott cycle and how many animals do you 
analyze In terms at yOU' repltcalion? You montionod 
how many experiments 8ro being run, bul lor 
Inslance In a given analysis b Ihol on lhe Individual 
animal or IndTvKlual tissue? 

Oavl_ : Within tho sman lank sysl em wo start 011 
with a 10 10 • "0 mg st.lmp and we ond l.,:t with any 
where Irom 1.5 10 2 gram shrimp alter " · 5 weeks. 
Wo do not Iollow a moull cycle 1 have 128 bucke ts 
each slocked with 10 animals. h lakes about 6 
hours 10 malolain the syslem. Since lho shrimp Bfe 

nol maintained Individuany we can not follow the 
number 01 ~s :n OlK parttcula r system. For lhe 
Ca:P e llperimenls we slar10d Ihe ellpcriments with 
10 shrimp per buckel with 8 replicales. al the 
midpain! we leduca lhe numbo" 10 6 shrimp (Ihus 
mlnlmldng lhe eHods of density and allowing us 10 
coIecl Ibsue samp&es and weights. needed). When 
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I gel 10 my tissuo analysis I pool Iwo buckels 
(reducing the .eplicalos 10 4) . Out 01 tho pool I pull 
out .. shrimp fOf histology Ihal going 10 hislology 
wOfk done by 01. Sis . Then h om 100 remaining 
animals I lake my sample fOf minerai analyses . By 
gross Idonlilicalion we only ulilize shrimp in Ihe 
inlo,molt slages . This loavos me with 6 10 8 
animals in a pooled sample IOf ench 01 the ti ssues 
Ihal afO in the intcrmot\ cycle . We just audcty gol 
rid 01 lhe two end, of the moll c.ydo . It would be 
nico if you cOOd go in and idonlify each slago of lhe 
moull cycle and then eon olat e to moll slago . 
Howover, duo 10 restrictions on lime and numben 
of animals such a methodology is not pr3dical. TIle 

. moult cycle realty does complicate Ihin~. wo do 
gel 8 lair amount 01 varialion wi1hin our data which 
Is probably duo to tho moll cycle . All 01 my 
experiment have been conflrmod by preliminary 
runs oc a second complele run . Unlortunately, due 
to lho desfgn 01 oor lab we occasionany introduce 
diseased animals which Ihen contaminate tho lab, 
aUhough. Ihe response Is usually the same we 
discard experimenls with sick animals to ensure the 
validity of our dala. 

Romlo Saude: What about 100 source? Is lho 
source of copper Imporlant? 

Davl.: In all my sludios we are using soluble 
forms 01 minorals, Remember, the digestive pH of 
shrimp is close 10 neuera', consequenlly minorals 
win not be as available as they are in animals with 
an acidic stomach . Consequently, we try 10 utilize 
waler soluble forms. We do feed these ad libitum. 
12 Umes a day 10 conUnuous depending on the 
amount of lood in lho loeder. leaching from lhe diet 
should be minimized by our conlinuous feeding 
procoouru. Solubilily Irom the leed b a problem 
thai needs to ba looked Into . Addilionally. the 
bloavailability of diflerent sources must also be 
evaluated. In general. work with the carp which 
would be the besl modols lor mineral 
bioavailability. Tho more water soluble the minoral 
the beller all you are. The study 01 mineral 
nutrilion is very complicated. II is 001 a vory 
straighl lorward liekt. There aro lois 01 problems 
so you just Iry 10 minimize confounding 'actors . 

Dun Akiyama: Did you look at % sofubility or 
leach ability of these minorals? 

Davia : No, unfooooalely we dido't. W. are under 
the assumption thai w~h 041 conlinuous loading ~ is 
minimal. We have 10 star1 somewhere with lhe 
basic pradice . Once we hav. idonliliod that lhero 
Is a potannal notriUonai requirement or lhere is an 
asuotialify In tha atels, then we will have to go 
back and do a lot 04 work. We are no where near 
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whore the lish people ara. We have a lairty stabla 
pollel. We 1031 hope it Is minimized by the 
continuous looding pal1ems we 1J3.O . 

Cuzon: " would soem Ihat lho requiroment lor 
coppor is very linked to respiralion in crustaceans. 

Davia : Righi, the added physiological requirement 
01 hemocyanin may Increaso Iho requirement for 
coppo r . However. if you look at tho lilerature 
invertebrates seom to be abla 10 scavongo 
hemocyanin during starvation and Iolo rate wido 
va riat ions in Iovels . Anyways, wo neod allol moro 
work in Ihis area bolore a dear picture can be 
drawn. 

Houaer: There ts a problom with knowing what 
level of iron supplomontaHon is necessary. 

Oavl. : We have looked al Iha!. . ' was going 10 

cover that next. Wo did nol diroctly ovaluale the 
copper· iron interaclion; however. we did evaluato 
tissue IeVEHS in boIh our iron and copper studies and 
I did not soe tissue le.spooses lhat would indicate an 
Interaction under our experimental conditk>ns . 

Hou •• r: Would you .expect the interaclion in 
shrimp to be less because thore is no hemoglobin? 

Davia: Ther. aro Iron b ••• d r •• plralory 
plgm.nla in the crustaceans. Quantitativety in 
vertebrates , the majority 01 iron is involved in 
hemoglobin or tissuos Involved in homoglobin 
metabolism. Consequenlly, you would expecl a 
reduced requirement in the crustaceans. But lhere 
are a variety 01 other lunclions lor iron besides 
hemoglobin. 

In our evalualions of a dietary iron raquiremenl 
. we evalualed iron supplements 01 0, 4. 20. 40 and 
60 mg FelKg to a basal diet containing 12 rug Felkg. 
At the conclusion of a 35·day leeding trial (wilh an 
additional 7 day preconditioning period) a diotary 
'ron requiroment was not demonst rated, Indicating 
Ihat the diotary iron requirement 01 shrimp was 00 

higher than 12 mg FeJkg. This value is lower than 
requiroment values reported lo r various fi s h 
specios, and is presumabty duo 10 tho pros.orlCO of a 

. a coppe r-based rospiralory p~ment as opposed to 
an ifOfl· basod ptgmenl. 

Iron levob of Ihe tissues (hopatopancreas and 
carapace. Increased linearty and did nol follow a 
response lhat would indicato a diotary requirement 
The intoresting thing about iron is thai iI b not onty 
e ssential bue ic is also poIenti.a1ty toxic, and ic also 
advor501y alleds feed stabtlity. 01. Oeshimaru and 
wOlk conductod by Dr . Kaf\&Zawa with P. japonicus 
also lailed 10 demonstrato a dietary essonllalily of 
iron but dKI iodic.ato a inhibitory ellOd on grow1h at 
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high 10'0'015 of dietary iron. 

Wo have also evalu01led the zinc requirement 
of P. vanname;. Zinc Is also required in 11 wide 
variely 01 onzyme~1. Requirements IOf zinc have 
becn domonsl,alod in Iroshwalcr lish, bul Ih oy 
havo not beon evaluatod IOf sail waler species . Wo 
evalu<lted O. 15. 30 and 60 mg Znlkg in the absence 

of phylk;; acid and O. 60 and 120 mg Znlkg d iel in 
tho prosence of phytic acid. Sodium phylalo was 
usod as the source 01 phy1ic aid in Ihis experiment. 

Tho lack 01' dielary zinc supplementation duling 
a 3S·day reeding Ir ial did nol allecl growth and 
survival of Ihe shrimp bur deprossed lho linc 
corllonl 01 Ihe hopalopancroas. linc conlon! of Iho 
hepalo panc rollS wore maximi zed wilh Iho 
suppklmenlal;on 01 15 mg Znlkg alGI (33 mg lol a l 
Znlkg) or groaler. Which would Indicate Ihe 
roquiromcnl to be no highor than 33 mg 100si Znlkg . 
diel. Tho presence of phylale reducod Ihe 
bioaveilabilily of zinc and consequently zinc 
mlneralizalion 01 the Iissuos. Thus, 10 the absonce 
01 phylalo, shrimp foods should contain 33 mg 
Znlkg end In lho ptesonco of phytale apPloximaloly 
200 mg Znlkg diel. 

Wo havo also looked at salanlum. This minoral 
nppellls 10 o)(ell iI:s mojor elloel as an inloglnl 
component 01 Iho solenoenzymo glulalhlone 
poro)(idase . This enzyme callalysos tho tlanslor 01 . 
loducing oqutvolants hom reduced vlutahlono 10 
hydrogen poroddo or lipid pelOlddes, serving 10 
prolecl polyunsolurated phospholipids In collular 
adn subcellular membranes h om pero)(ld ative 
damage. In 0Uf 1;'51 study we looked al solanium 
with roplela vitamin E levols. Wa are hoping 10 
continuo lho resoarch and look al Iha Ioteraclloos 
bolwoon selenium and vitamin E, which has 
producod dillelenl delidoncy symploms In lish Ihan 
j~ a selenitm or vitamlo E delicioncy 810M. The 
supplomenlolion of selenfum (0.0 0.1, 0 .2, and 0.4 
mg Solkg) resulled in a ialrly linear Incroase In 
weighl gain. We did gel a depress ion In growth 
which WAS madialed by Ihe supplomanlalion of 0 .2 

10 0.4 mg Solkg. Howevor 100 response was not as 
cloor os we would like . AlIl,lOlJgh, lhese res ults alo 
nol lirm II does appear Ihal shrimp do require 
selenium and !hnt Ihe roquiromonl is probably 
similar 10 Ihe 0. 2-0 .3 mg Se/kg Ihal Is reporled 
IOf mos! spedes. 

In .ummary, I woufd like 10 note Ihal wa 
810 recommending lhe avoidance of high levels of 
calcium and thai phosphorus shoukt be supplomonlod 
hom a waler sofuble fOfm (eg. calcium phosphale 
monobasic Of potassium phosphale) . Due 10 lho 
variable bloavallablity of minerals IOfm pract ical 
ingredients lhe supplemenililion of Cu. Mg, Mn, r, 
So and Zn b IJOOOraly Wl!I.fJanted. 

Aklvama : AI what lovel did you gol growth 
depression7 

Davia : AI 0 and 0.1 ppm. 

Akiy ama: So you did no! lind the uppor limil7 

Oavla : No. Ahhough, Ihero was depressed growth 
al 0, 0 .1 and ~ appearod 10 level at 0 .2 and 0.-4 Ihe 
lesuhs nre no( as dear cut 3S we would liko 10 seo . 
Wo are hoping 10 ferun with s ill lev e ls of selenium 
which win givo us a moro precise estimale of the 
requirement. 

Hou.er : Ooos lhe FDA have an adual maximum 
·'evol 01 selonium lor shrimp loeds? For an oU)(I r 
animals it b 0 .3 ppm 

DavIa : As far as I know Ihe maximum level is 
a lound 0 .2-0 .3 but I dortI know if Ihore is one sol 
lor aqualic leeds. 

Chamberlain : On rancid diets would you 
recommend using higher kNob 01 selonium? 

Oavl., : I do no! f(ICOJn$d lhe use of rancid diets or 
oils. However, Ihere are some sludles with fbh 
(nona with stwlmp) Ihal Indkala Ihal Ihele is a 
benelklal eflecl 01 exira viJamin E. Selenium Is 
10)(lc and bioaccumulates, Ihus e)(cesslve 
supplements are nDC recomm ended. Comequenlly, 
lor diels lhal may be e)(posad 10 harsh conditions 
Ihere may be a benilicaM elleci 01 uxlra vitamin E 
and 04her anlloxidonls. 

Koahlo : How much do you Ihink Ihe shrimp size 
elloels the levels of minerai required? h win be 
lmpOflanl 10 know in formuloling die Is lor grow­
oul. 

Oavla : All 01 our wOfk was done wilh 'lory sman 
s hrimp. The problem with minerals Is Ihal you have 
10 deal with lhe ptl)',iologlcal sIOfe~ . The nutrlUonal 
s lress placed on the animal Is very Impof1anl. With 
Ihe sman animo I we can ncJuca a IoC of nulritional 
slross . Tho lasler growlh rEtsulis In las lor 
turnovor 01 mineral slores. If we were working 
wilh largor animals we would have to greally 
extend our rosearch period 10 gol similar resuls . • 
,houkf be noted lhal even in pond sitoallom al somf­
Inlen$lve levels lhe doleUon of lhe mlnoral premix 
Irom a preclical diel will rosuf1 In growth 
deprosskms . Consequently the minerai premix Is 
very imporlan! even In growoul. 

Another commen! thol I woukt Jike to make Is 
that an 01 the minerals reqohemenls donned have 
to be laken within lhe confines oC the experlmenlal 

conditions. TOOle a 
ara very dillicull 10 • 
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slock are passed 10 

hatch and Iry surviv, 
about 1110 mineral re' 

Ko.hlo: I was jus I 
dopend upon moll 
shrimp, inl ermoll !. 

mineralization aller 
may be dillerenL O! 
you analyzed lhe ani! 

Davia: No. Thore I 

varia lion . in liss O( 
mobilization thlou gt 
sp6cilicatly Inlmosl e, 
we have established 
inlo looking at those 
nics 10 look 01 each 
thai would bo a 9, e 
chewed on moro Iha l 

Chamberaln : Can 
lound in his histolog 

Oavl.: Or . Sis d 

pfObloms and evalu. 
c hanges . Hlslolog! 
rela tively small s . 
general we havo 
resistance 10 dis c 
animals, ospecially 
sltJdies. We have I 
lhe cutklo, especia l! 

Unidentilled Spe p 
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Because when you 
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Davia : They WOI O 

chklridos. When Iht 
grade minora Is. olh 
grade. Wo wele II 

soluble salls . Will 
cilrale we dkt no( u 

Harrlaon: Is any ()I' 

minerai roquire nH 
compleled your the · 

Davia: Hopelully I 
lIeld, deponding on 
once 1 ~adualo . 
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condiIions. Thero are many Iraco olemonls which 
are ... ery dillicult 10 evaluato, My lavorilo uamplo 
Is manganeso lor which dolidencics in Iho brood 
slock are passed 10 lhe oflspring resulling in poor 
halch and Iry survival. We do no( know anything 
aboul lho minoral roquiremonls lor brood stock, 

Koahlo: 1 was JUSI wondoring. Minerali za tion may 
depend upon moll stago. " you are us ing small 
shrimp. intormoll s la go C may bo shorle r, so 
mineralization a li e r moll. bel a re mon during man 
may be diller on!. Did you check mof! s tage when 
you analyzod Iho animals? 

O.vla : No. Thoro Is a great doal of li1 c rature on 
.... riallon , In tissue composition and mineral 
mobili zation through the moll cycle. but I was 
spocl'ically Interestod in dietary requirement . Once 
we have established a requirement, wo can move 
into kx>king at Ulese oIher Ihings. II woukJ be very 
nfca 10 kx>k a t each stago throughout tho trial, bul 
thai would be a groal <loa! 01 work. I havo already 
chewod ott more than I can hanclo. 

eh.mbel.ln : Can you summarize what Ray Sis 
louod In his histological study? 

D .... Ia : Dr. Sis did look at all of our disease 
problems and evaluated tho animals lor hislok>gical 
changes. Histoh>Qical analysis espeda Uy on a 
relatively small sample Is very qualitative . In 
goneral we have had Qroaler disease or less 
roslstanc e 10 disoase In aUf mlner~ 1 dellcient 
animals, ospedally In the calcium and phosphorus 
studies . Wo have been able 10 tdentily thinning of 
the clAido, especiaUy at the htgh calcium levels. 

Unidentified Speakor: One other question about 
tho source 01 tho mlnorals . Were those an sullides? 
Bocause when you are applying it is important 10 

balance tho sullate and lho chlorkte. And wore lhey 
all feod grade? 

O.vle: They were nol all sullido , . Some were 
chlorides. When thoy were availablo we used ACS 
grade minerals. othorwise we used Fisher Purified 
grade . We were working wi1h vory pure waler · 
sofuble sa lls . With Iho oxceplton 01 potassium 
derate we did not use any 01 tho citrate fOfm5 . 

H.rrl eo n : Is any one going 10 be caff)'1ng on thos.o 
minerai lequlrement studies a ller you have 
COfTlpJeted your thesis? 

Onl.: Hopefully I will be able 10 conCinue m fhls 
liokJ. dopending on what lacililios I have available 
once I "aduate. 

4 I 
tlouaer : I juS! wan( 10 congratufale you. Because 
wOfking with minorals i3 hard enough bul to s tudy 
minora I roquire ment s with shrimp particularly 
dillicull , 

I 
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