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IMMUNOLOGICAL APPROACHES TO UNDERSTANDING
MARINE TOXINS

Y. Hokama,+ L.H. Kimura+ and J. Miyahara**
Departments of Pathology and Pharmacology
University of Hawaii
Honolulu, Hawaii, 96822

INTRODUCTION

The application of immunological technics for recognition of low molec-
ular weight carbohydrates, peptides, fats, drugs and many other compounds
has increased markedly in the past decade. The ability to conjugate these
small melecules covalently to appropriate antigenic carriers via their
functional groups has led to the production of specific antibodies to the
haptenic molecules following administration into appropriate animals. Pri-
mary functional groups or moieties amenable to conjugation, provided they
are accessible to chemical coupling, include amino, hydroxyl and carboxyl
groups. Some common methods for coupling include carbodiimide, nucleophilic
substitution, diazo and azide coupling. In some cases, for example with
lipid antigens, noncovalent complexes have been utilized using methylated
bovine serum albumin as the carrier (8).

The availability of a specific antibody to the low molecular weight
compounds can be utilized for the development of sensitive and specific
immunological procedures such as radioimmuncassay (RIA) and enzyme-linked
immunoabsorbent assay (ELISA) for detection of minute amounts of antigens
or antibodies. In addition, the antibodies are useful in examining other
areas of study such as tissue distribution, synthesis and in some instances
structure and function of the haptenic molecule.

The application of the sensitive immunological methods for the detec-
tion of marime toxins, such as saxitoxin, ciguatoxin and tetradotoxin,
merits strong consideration in light of the minute amounts of these toxins
in the natural environment. These minute amounts in tissues have consti-
tuted serious hazards to the consumer and create anxiety within the fishing
and shellfish industries. '

This study discusses the immunological approaches for the development
of a radioimmunoassay procedure in the utilization for the detection of a
marine toxin such as ciguatoxin (9). The methodology presented is appli-
cable for development of the immunological procedures for the other low
molecular weight marine toxins (saxitoxin, tetradotoxin, and Gymmodinium
breve toxins). 1In addition, for correlative analysis, the guinea pig atrium
procedure (12) for quantitation of ciguatoxin and maitotoxin from crude
extracts of fishes is also included in this study. Comparison of the RIA
procedure with the cat, mouse MLD and M.U. tests is also presented ,

GENERAL PROCEDURES

Methods of Coupling Low Molecular Weight Compounds: The methods of
coupling haptens are dependent on the functional groups on the hapten as




well as on the carrier protein. The functional groups on the carrier molec
ules to which hapten may be attached are summarized in Table 1.-

TABLE 1. Functional groups of carrier molecules to which haptens
may be conjugated.

FUNCTIONAL GROUP RESIDUES ON CARRIER

Amino N-terminal AA, Lysine

Carboxyl C-terminal AA, Aspartic and
Glutamic Acids

Guanidino Arginine

Imidazo Histidine

Indolyl Tryptophan

Phenolytic Tyrosine

Sulfhydryl Cysteine

Some of the chemical methods employed include the following:
(a) diazotization; (b) mucleophilic; (¢) carbodiimide; and (d) azide
reactions. These are ijlustrated in Figures 1-A, B, C and D.

Diazotization: This is applicable to aromatic amines containing a NH2
group which is diazotized with cold dilute nitrous acid. The diazonium
salt formed is conjugated to the carrier protein in an alkaline solution.
The most likely site of diazo bond fermation to the carrier is the aromatic
ring of tyrosine and histidine and the e~group of lysine. A mono- or di-
substitution may occur depending on the diazonium salt concentration used.
Diazo bonds may possibly occur with tryptophan and arginine residues also.
In the final analysis, however, the nature of diazo bond conjugation is
dependent on the accessibility of the reactive groups. Preferentially at
low diazo~salt concentrations tyrosine and histidine are generally the active
sites of binding. Diazo coupling has been utilized in coupling glycosides
to .aromatic rings. For example, p-aminophenylglycoside following _
diazotization was coupled to protein carriers and antiserum to the oligo-:
saccharide protein conjugate was prepared. The diazotization procedure is
applicable to a wide variety of small molecular weight compounds for which
derivatives of aromatic amines could be prepared. Figure l-A illustrates
the diazo type of coupling. '

Nucleophilic Substitution: One of the most widely used haptens. for
the examination of the chemical basis of immunogenicity, for the sites and
energy of antibody binding, and receptor activation of B cell and T cell
are the dinitrophenyl compounds. These include, 2,4-dinitrophenyl (DNP)
and 2,4,6-trinitrophenyl (TNP). These compounds have proven of great value
because of their intense and easily distinguishable absorption spectra,
stability of covalent bond formed and especially because of their
immunodominant characteristics on carriers contributing to immunogenicity.
DNP is attached to the protein carriers through the nucleophilic substitu-
tion reaction in which the active chlorine or fluorine residue is in




DIAZOTIZATION

H 2N@A;03H + HONO—-»*N=As3oH"

Peaminobenzens-  nitrous  R-benzenearsonate
arso .ate . . . acid. diazonium salt
+

Globulin- N:N@A;O -u-_—-—wGlobuIin

P_azobenzenearsonate Globulin

. NUC LEOPHILIC

o)
NO@ Cl + HNCHG N-Protein

- C|24 dml fo— . Tyrosine~Protein
Phenyl

NO@QC\?—@—N-Pmmin

N-2,4~dinitrophenyl-l-tyrosine-protein

Figure 1 A-B, Various chemical reactions for covalent
coupling of haptenic groups to carrier antigens.
A, diazotization; B, nucleophilic reactjions.
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C, carbodiimide coupling; and D. azide coupling.



position 1 of the benzene molecule. The halogen is activated by the N02
groups in position 2, 4, and 6.

The halogen is readily displaced by electron donating groups such as
-NH, of lysine, -OH of tyrosine, and -SH of cystine of the protein carrier.
The chemical reaction of this mode of conjugation is shown in Figure 1-B.
As with the diazo coupling, the DNP haptenic determinant is heterogenic;
coupling is dependent on the position, number and accessibility of the
electron-donating residues on the carrier protein. Homogenic haptenic
determinants can be achieved in some cases with use of a less reactive
derivative, DNP-sulphonic acid. This compound tends to react essentially
with the -NH, residue. of lysine in the carrier molecule, an advantage being
that it is soluble in aqueous solutions. The DNP residue can be quantitated
at 360 nm spectrophotometrically using the extinction coefficient of
e-DNP~lysine as standard.

Carbodiimide Coupling: Of particular value for coupling amines or
carboxylic acid haptens to proteins is the use of carbodiimide reagents.
These compounds with the general formula: RrN=C=N—R1, where R and Rl repre—
sent aryl and alkyl groups react with amines or carboxylic acids to form
peptide bonds via condensation reactions as shown in Figure 1C, with the
elimination of a substituted urea, RNHC=ONHR!. Aquecus soluble carbodiimide
solutions are readily available and have been used to couple proteins to
haptens containing NHp or COOH residues., For example, the conjugation of
bradykinin (a nonpeptide) to carrier proteins has been achieved and specific
antibodies to bradykinin elicited in rabbits. Many other peptides have been
coupled to protein or polypeptide carriers with carbodiimide. These include
ACTH, calcitonin, gastrin, and vasopressin. The method of introducing
insolubilized and water-soluble carbodiimides appears to be easily and
simply applied, versatile, and has found wide ranging applications, espe—
cially where the formation of peptide, ester, thioester or phosphoester
bonds is required.

Azide Coupling: Haptenic groups can be introduced into proteins, eryth-
rocytes, viruses and other carriers via the azide derivatives. The chemical
coupling is depicted in Figure 1-D. The most widely used family of compounds
are the 4-hydroxy-3-iodo-5-nitrophemyl-acetic acid (NIP) and related deriv-
atives. The free carboxyl group of the hapten is transformed to an acid
chloride derivative with thionyl chleoride (80Clp). The acid chloride then
reacts with sodium azide (NaN3) to yield a crystalllne reactive haptenic
azide, This compound is stable when kept frozen (-20°C) and stored in
dimethyl formamide solution. The haptenic azide can then be coupled to the
carrier. The internal spacer of the haptenic azide minimizes the carrier
effects such as steric hinderance and contributes to specificity.

The coupling studies of non-immunogenic low molecular weight compounds
have contributed toward the understanding of the chemical basis of immmogens
and more importantly, opened doors to the advancement of clinical medicine.
This is evidenced by the development of RIA procedures for assessment of
polypeptide hormones in man, an enormous advancement of knowledge in this
area. That these procedures can be utilized for the advancement of knowledge
of marine toxins are evident.

Synthetic Antigens as Carriers: The advent of synthetic monopolymers




(a single amino acid polymer) and copolymers (two or more different amino
acids) has contributed immensely to the understanding of the immunogenicity
of molecules, These synthetic polymers are capable of inducing antibody
synthesis in rabbits and also of reacting in yitro or in yivoe by the various
immunological procedures. The synthetic polymers haye also been successful-
ly emphasized as carriers and in some cases have proven to be better than
protein carriers., Figure 2 presents a schematic diagram of a monopolymer
and copolymer. '

Carrlers may contribute to the specificity of the molecule acting as a
complete determinant which is attributable to the increase in energy of the
interaction of the hapten with the B cell receptor site. On the other hand,
carriers may initiate an allosteric affect in the receptor which could be
transmitted as a signal throughout the immumocyte, The hapten would be
serving as the immunodominant point towards which the antibody specificity
is directed with the carrier providing the additional element of the com-
plete determinant. The carrier may alse contribute to the metabolizability
of the complete hapten~carrier and thus provide appropriate hapten-carrier
fragments (antigenic determinant) of enhanced immunogenic specificity.

Animals and Iomunization: A varlety of animal species has been used to
prepare precipitating antibodies. These include rabbit, guinea pig, goat,
sheep, horse, donkey and many other specles, The rabbit and goat have been
utilized most frequently for preduction of antibodies to many proteins and
low molecular weight compounds (hapteng). The choice of animal is general-
1y dependent on avallability of the amount of the antigen, its toxicity and
Immunogenicity.

The mode of administration of the antigen may be orally, subcutaneous-
ly, intraperitoneally, intravenously and intramuscularly. For enhancement
of the immune respomse, immunoadjuvants such as Freunds complete adjuvant
(FCA) Corynebacterium parvum, or the recently available dipeptides of
6-0-mycolyl-N-acetylmuramic acid (6~ ~0-mycolyl-N-acetylmuramyl-L-seryl-D
Isoglutamine) (1,17) are generally given with the antigens either mixed
together or separately.

The antigen and immunoadjuvant may be administered in three consecu-
tive days, initially at low concentrations (this is important with highly
toxic haptens such as ciguatoxin or saxitoxin) with a rest period of 4 days.
These series of injections are repeated weekly, Alternatively, antigens may
be given every other day three times a week. The administration would vary
according to the animal and the route of the injection.

The animals are bled at weekly intervals (large animals) after the
third week following the initial antigen injection to assess the production
of antibody., When a satisfactory level of antibody is raised, the animal
is bled, and the serum iz removed from the clot and storxed at ~20°C until
ready for examination,

Methods of Antibody Assay: The assessment of the antibody level can be
made by a varlety of methods (15). The procedures include immunodiffusion
or Immuncelectrophoresis in agar or agarose gels, complement-fixationm,
passive hemagglutination with sheep erythrocytes (SRBC), agglutination and
radioimmunoassay or enzyme-linked immunoabsorbent assay for low concentra-
tions of antibodies or antigens,
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Methods for Ciguatoxin Analysis; The development of the RIA procedure
for the direct detection of (CTX) from fish tissue has followed -the proced-
ures alluded to in the discussion under General Procedures.

Purified ciguatoxin (16) isolated from livers of toxic eels was con-
jugated by the carbodiimide procedure (14) to human serum albumin (HSA).
The latter is the carrier for the lipid hapten-ciguatoxin. Precipitation
of the ciguatoxin~HSA (CTX~HSA) with cold acetone indicated that CTX was in
the precipitate (CTX-HSA) and not in the acetone phase. his suggested that
most if nmot all CTX was bound to HSA. ‘

The antibody to CTX-HSA was raised in sheep given 3 weekly subcutaneous
injections of a CTX-HSA Freunds complete adjuvant mixture (1:1). A total of
500 ug of CTX and 50 mg of HSA (CTX-HSA) was administered to the sheep in a
period of 7 weeks. The sheep was bled 10 days after the last injection and
the serum removed and stored inm 30 ml aliquots at -20°C.

The details of the determination for the presence of anti-CTX~HSA by
immunoelectrophoresis and mouse studies and for the development of the RIA
procedure have been described (9).  In brief, the RIA method consists of the
following steps: (1) sampling of tissues from the dorsal and ventral
muscles, tails or gonads of the fish; (2) dehydrate samples in oven at 70°C
for 1 hour; (3) after cooling, weigh 15 mg samples; (4) rehydration with
buffered saline; and then removal of buffer; (5) add 0.2 ml of 1257 1abelled
sheep anti-CTX-HSA (sp. act., 1.03 mCi/mg protein) containing 50,000 cpm/

ml; (6) shake for 3 hours at room temperature; (7) add 3.0 ml buffered saline;
(8) aspirate buffer thoroughly; and (9) count the sample in gamma-counter.
After background correction, the cpm/tube is divided by 15 mg to give cpm/g
tissue. Samples are determined in triplicates, or duplicates in some
instances. Toxic and non-toxic fish tissue samples are examined with each
set of unknown determinations. ' :

The present study includes examination by the RIA procedure of fishes
recovered from clinically diagnosed ciguatera poisoning cases and non-toxic
fishes from commercial sources. The toxic fishes were obtained through the
courtesy of the Hawaii State Health Department. The routine examination of
a variety of fishes caught around Midway was also determined by the RIA
procedure. The fish samples were prepared in vials marked with numbers
only. These samples were obtained through the courtesy of R. Shomura,
Director of the National Marine Fisheries Service Honolulu . Laboratory.

A correlative study of the RIA procedure and the in vitro guinea pig
atrium assay was carried out for several samples of toxic and non-toxic
fish tissues. The details of the guinea pig atrium analysis have been
reported recently (12)., The crude extracts of the fish tissues were pre-
pared according to a previously described procedure (19). A 20 g tissueis
homogenized and extracted with 200 ml hot methanol. The residue is remowved
by filtration and the methanol phase concentrated to 10% of the orginal
volume. The concentrated solution is diluted with distilled water ( 5
volumes) and the lipid solutes extracted with diethyl ether. The ether is
evaporated and the crude lipid residue dissolved in minimal methanol and
stored at -20°C until ready for study. Assay for the cat, and mouse
toxicity procedures have been described previously (3,18).



The cat and the mouse MLD and MU results were carried out by Dr. Bagnis of
Tahiti and the RIA determined on the same tissues, The RIA was determined
prior to the information given for the cat and mouse results,

Based on the examination of fishes from human ciguatera poisoning and
previous results obtained by RIA (9) the following arbitrary cxiterlon has
been established relative to the cpm/gm tissue values,

CPM/gm Tissue Toxicity Index

< 350,000 Negative
351,000 - 399,999 Boxrderline

> 400,000 Toxic

The diagnosis of ciguatera poisoning of patients following consumption
of suspected toxic fishes is based on the clinical symptoms described
previously (13,2).

RESULTS

RIA Examination of Fish Samples; The results of the examination of
individual cases of fish samples recovered from clinically diagnosed
ciguatera poilsoning are indicated in Table 1. A variety of species has
been implicated, which include the following species: Scarus sp., parrot
fish/uhu; Elagatis bipinnulatus, rainbow runner; Seriola dumerili, amber-
jack/kahala, Caranx and Carangoides sp., jack/ulua; Mugil cephalus mullet/
ama'ama; Aprion virescens, grey snapper/uku, Monotoxis grandoculis, mu;
Prlacanthus sp., big red eye/aweoweo; Lutjanus gibbus, paddle~tail snapper
and Epinephelus mario, sea bass. Two samples, a Seriola dumerili and a
Caranx sp. gave RIA values in the non~toxic range. The mean + 1 5.D.
(434,654 + 110,184) yalue for the 32 toxic samples is summarized in Table 3.
This value is significantly (p < 0.001) different than the mean + 1 S5.D.
(264,202 i_44,291) value of the 91 non-toxic samples of essentially the
same species shown in Table 2. In a similar analysis with a single species
(Seriola dumerili), a highly significant difference (p < 0.0001) in the RIA
values of non~toxic and toxic S. dumerili is demonstrated (Table 3). These
differences have been the basis for the criterion established in assessing
the RIA findings described in the preceding section under methods,

Preliminary Survey of Various Species of Fishes from Midway: Using
this criterion of designating toxic, borderline and non-toxic based on
cpm/gm tissue, an extenslve exploratory examination of varlous important
species of fishes from the Leeward Islands, Northwest of Hawaii, up to
Midway has been initiated by the National Marine Fisheries Service (NMFS).
The results presented are preliminary findings from fishes caught around
Midway and these are summarized in Table 4, A detail study will be pre-~
sented at a later date by NMFS, Of the 126 samples of flesh tissue examined,
approximately 12.0% showed borderline to toxic RIA values. Those fishes
showing borderline to positive values include many implicated in ciguatera
poisoning (S. dumerili, Caranx sp., Lutjanus sp., etc.). The available
gonad tissues from the same fishes were also examined and not surprisingly
showed greater incidence of borderline to toxic wvalues (37.0%). It is of
interest in this regard that in an earlier report Banner (4) indicated that

9
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based on bioassays, gonads tended to have 3~53 times the ciguatoxin level of
flesh in the same fish. However, the liver and yiscera appeared to have
the highest concentrations.

Table 3. Summation of RIA values for fishes from clinically defined
"ciguatera poisoning' cases and non~toxic fishes.

T T ™ T T T T —~

CPM/GM TISSUE +

FISH (MEAN + 1 8.D.) P

Non-Toxic Toxic
Seriola
dumerili 249,253 i.46,452 426,416 + 81,028 < 0.0001
(Kahala or (n = 150) {n =6)
Amberjack)

%
Several Species 264,202 + 44,291 434,654 + 110,184 < 0.001
(n =91 {n = 32)

+p value based on two~tailed analysis.

# .

See Table 1 for the individual species listed for the toxic group; the
non~toxic fishes in this category were sampled from the same species
implicated in the "ciguatera poisoning' or the toxic group.

Comparison of the RIA with Cat Assay and the Mouse Toxicity, MLD and
M.U.: Figures 3, 4 and 5 summarize a comparative study of the RIA with
the cat assay and the mouse toxicity, MLD and M.U. of reef fish tissues
obtained from Tahiti through the courtesy of Dr, R, Bagnis of the Institut
de Recherches Medicales Louls Malarde. The incidence of ciguatera poison-— .
ing is high in French Polynesia in contrast to other areas of the Pacific.
The coefficient of correlation, r, is fair between the RIA:Cat and moderate
between RIA:MLD (inverse correlation and RIA:M.U.). These r values are
summarized in Table 5. The RIA!Mongoose r value from the previous report
(9) is also shown in Table 5.

Comparison of RIA with the Guinea Pip Atrium Assay: This correlative
study between the RIA and inotropic effect of ciguatoxin on guinea pig
atrium-is presented in Figure 6 with the r value shown in Table 5 (= 0.88),
Though the sample number is small, a significantly good correlation is
shown between the RIA and guinea pig atrium assay. The latter assay appears
to be a valuable method for ciguatoxin studies in correlation with the RIA
and other biclogical procedures.
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Table 4. RIA results of fish tissue of various species from Midway.

NUMBER OF

TISSUE EXAMINED (TFLESH
SAMPLES DORSAL AND VENTRAL) % REMARKS
*
CPM/GM TISSUE
126 162,566 - 349,089 88.1 Negative
245,800 + 45,342
15 351,533 - 392,689 10.5 Borderline
363,813 + 13,495
2 406,533 ~ 453,422 1.4 Toxic
429,997 + 33,129
TISSUE EXAMINED (GONADS)
34 183,911 - 348,067 63.0 Negative
267,192 + 56,683
5 350,900 - 392,445 9.2 Borderline
373,756 + 18,834
15 413,356 - 720,489 27.8 Toxic

482,509 + 79,416

&
Values are ranges and mean + 1 S.D.

Table 5. Summation of the comparisom of the RIA procedure with the
other biological methods for the evaluation of ciguatoxin.
NUMBER OF COEFFICIENT of 5
SAMPLES SYSTEM CORRELATION (r) REFERENCE |
79 RIA:Cat 0.39 -
66 RIA:M.U. (Mouse) 0.56 -
68 RIA:MLD (Mouse) -0,55 —
66 RIA:Mongoose 0.56 Hokama, et
' al., 1977
13 RIA:Guinea Pig Atrium 0.88 -

M.U. = Total weight in gm of mice killed within 48 hours by
from 20 gm of fish tissue (Yasumoto, et al., 1971)

MLD =

Minimum lethal dose in pg

12
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DISCUSSTON

A general approach for the use of jmmunological procedures for appli-
cation to small molecules has been presented, The significant factors
discussed include; (1) the importance of coupling of the low molecular
weight compounds to appropriate antigenic carriers, that is conjugation in
positions of accessibjility, without gross changes in the haptenic molecule;
and (2) selection or choice of the antigenic carrier, O0f equal importance
is the choice of animal for the production of antibody and the mode of ad-
ministration of the hapten~carrier conjugate, The analysis and development
of the immunological methods for the antibody raised will depend on the
levels of the antibody and the haptenic molecule to be examined Qi, 15).

Issentially following the general procedures discussed, the develop-
ment of an Immunclogical procedure for the detection of ciguatoxin (a lipid
hapten) has been initiated earlier (9). This report presented the further
evaluations of this RIA procedure by examining wvarious species of fishes
including those specimens implicated in ciguatera poisoning.

The comparative Examination of fish samples from Tahiti with the RIA,
cat and mouse (MLD and M.U,) procedures gave r values which appeared to be
similar (Table 5) to that demonstrated earlier for RIA and mongoose. The
lack of a better correlation may be due to the highly sensitive nature of
the RIA test as discussed previously (9). The capability and limitations
of the biological procedures have been discussed earlier by other investi-
gators (5,6,10).

The present state of the RIA procedure is significantly sufficient to
distinguish toxic from non~toxic fishes. Furthermore, the test appears to
be helpful for the examination of various species of fishes from different
geographical areas for the evaluation of the presences or absences of toxic
fishes, For example, coral reef fishes from Tahiti tended to have a higher
incidence of toxic levels and cpm/gm tissue than similar species caught in
Hawaii. (See Figures 3, 4 and 5 for fishes from Tahiti and compare with
Table 3  fishes from Hawaii and the Leeward Island Chain. Thus, in its
present state the RIA procedure can be utilized for the exploration in
different geographic areas of the levels of toxicity and distribution among
various fish species, especially where ciguatera poisoning is endemic.
This would aid in the development of the fishing industry.

Preliminary studies for screening Seriola dumerili prior to marketing
has been in progress for 11 months with good results., Prior to initiating
the RIA test, several outbreaks of ciguatera poisoning have occurred; and
since the testing was begun, no ciguatera poisoning has cccurred from the
tested and marketed fishes. The high count fishes rejected by the test
Tepresented about 10% of the total catches. This study is continuing, and
the details will be reported at a later date.

Nevertheless, the limitations of the RIA procedure for wide scale use
at present include: (1) restrictions on the number of sampling per day
by a technologist; and (2) a minimum of approximately 6 haurs for the
completion of the test. Other difficulties include: (1) sampling error,
that is the uncertainty of toxin distribution or localizatiom in various
parts of the tissue; (2) a tendency for false positive reactions due to
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nonspecific binding; and (3) reproducibility due to the fact that tissues
are utilized and even within close proximity "hot spots! of ciguatoxin may
vary.

Efforts are presently being directed towards decreasing the test time,
devising an‘ELISA procedure,using homogenous crude Llipid extracts from
large tissue areas, minimizing the cost of the test and, in addition, in-
creasing specificity by attempting to isoclate and concentrate the specific
antibody involved,

SUMMARY

The steps involved in the utilization of immunological procedures in
the study of small molecules including marine toxins are as follows:
(1) conjugation of the small molecule to appropriate antigenic carriers;
(2) dimmunization of animals for the production of antibodies; and (3)
development of an immunological method for analysis of the small molecule.
The development of the radioimmunoassay for ciguatoxin, a lipid was carried
out, accordingly, The RTA procedure for detection of ciguatoxin showed
fair to moderate correlations with the cat feeding assay (r = 0.39), mouse
MLD (r = 0.55) and mouse M,U. (r = 0,56) tests, respectively. These results
were similar to that reported for the RIA and mongoose (r = 0.56). A good
correlation of the RIA with the in vitro guinea pig atrium assay was dem-
onstrated (r = 0.88). Examination of non-toxic fishes and fishes recovered
from patients with clinically defined ciguatera poisoning with the RIA
procedure demonstrated that the test clearly differentiated toxic from
non-toxic samples. It 1s suggested that the RIA test in its present state
is useful for the assessment of toxic from non~toxic fish tissue in a
variety of fish species from various endemic areas. Currently, work is
being carried out to develop a simpler enzyme~linked immunoabsorbent assay
with increased specificity.
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Paralytic Shellfish Peisoning in Shellfish Aquaculture
: The State Regulatory Problem
Presented at the Sixth FDA Science Symposium
Office of Health Affairs
U.5. Food and Brug Administration
February 14, 1980

by
- Johm W. Hurst, Jr.
Director of Resource Services
Maine Department of Marine Resources
West Boothbay Harbor, Maine 04575

- ABSTRACT

P.S.P. In Shellfish Aquaculture
The State Regulator Problem

‘Maine has a vigorous P.S.P. monitoring program designed to protect the
public's health and to lessen the dimpact of P.S.P. on its valuable
shellfish industry. The P.S.P. monitoring program is described as well as
the ongolng research on the varilous parameters of the causative organism.
The relationship of these studies to shellfish aquaculture is discussed as
well as potential management in shellfish aquaculture around P.S.P.

" Maine has a very valuable shellfish Industry. For example, the landed
value of the soft-shell clam in 1979 was approximately $8,000,000 with a
consumer value of about $48,000,000.  For the shellfish industry to remain
viable, the public must have confidence in shellfish as to its safety as a
food. The Department of Marine Resources is the state agency in Maine
responsible for shellfish safety. Maine's Paralytic Shellfish Poisoning
Monitoring Program has heen described by Hurst and Gilfillan,"Paralytic
Shellflsh Poisoning In Maine"* (1977).

We began monitoring and closing for PSP in 1958 following a serious
outbreak of PSP in nearby New Brunswick, Canada in 1957, Five monitoring -
stations were established in this eastern Maine area. Closures were made
in portions of this area in 1958, 1959, 1961, 1964, 1969, 1970, and 1972
whenever scores exceeded 80 micrograms. This limited monitoring plan,
coupled with up-to—-date knowledge of the monitoring results in nearby
Canada, has apparently given adequate public health protection in eastern
Maine. Until 1972 no other areas were clogsed although our shellfish
monitoring demonstrated occasional low PSP scores, -Early in September 1972
it became evident that there were extremely toxic shellfish from Cape Ann,
Massachusetts into western Maine., The aftermath of this discovery was the
closure on September 15, 1972 from Cape Elizabeth to New Hampshire
and the entire coast on September 17.

*John W. Hurst, Jr. and Edward S. Gilfillan, Paralytic Shellfish
Poisoning in Maine. 10th. National Shellfish Sanitation Workshop, U.S.
Dept. of Health, Education and Welfare, 1977.
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Most of the coast, wlth the exception of Cape Elizabeth to HNew
Hampshire, was reopened on September 30, 1972, Much of this area remained
closed 1nto 1973. 1973 did not require any closures other "than the
historical area in eastern Maine., 1974 was a year of high toxicity with a
spring and summer peak. Inasmuch as we were without a precise sampling
plan, 1974 was a year of multiple crises. Although hindsight demonstrated
that while we were able to keep up with these crises, this method of PSP
monitoring was not a responsible. public health protection program, A lack
of precise knowledge as to the areas which were toxic led to larger closed
areas than were necessary in order to give adequate public health
protection.

Late in 1974 we were able to obtain funds from the New FEngland
Regional Commission, NERCOM, Contract #10530699, to develop our monitoring
plan. This permitted a greatly expanded PSP monitoring program to provide
more precise information about distribution of PSP during an outbreak, One
hundred nineteen monitoring stations were established. This monitoring Fig. 1
program was 1initiated onm April I, 1975 and consisted of a series of 18 Fig. 2
primary, 35 secondary and 63 tertiary sampling stations. These stations ’
were established on the basis of previous historical data. Primatry
stations are sampled on a weekly basis throughout the danger period for
PSP, that is, April through October. Primary sampling stations are those
which in the past have been good indicators of the presence of PSP when it
is present at a low level. Once PSP is identified at a primary sampling
station, samples are taken at ~secondary and tertiary sampling locations.
Secondary sampling locations are chogsen on the ba31s of past. results to be
Tertiary sampling stations are chosen to fill the gaps in these secondary
sampling locations and further localize the.distribution of PSP.. Imn 1979,
using the information derived from our sampling program, we: were able for
the: first time, as a part of our management plan, to keep open a portion of
the area, with the exception' of mussels, which would. have normally been
closed for all shellfish for PSP, This entailed a heavy-handed sampling
program, Although 'the growing area ‘which: we sampled intensively. was
relatively  small,. during' the 55 day closure: approximately 155 shellfish
diggers harvested 17,050 bushels of soft—shelled clams with a landed value
of $426,250 and an estimated consumer value of $2,770,625. Because of this®
obvious benefit to everyone concerned, we 1ntend in the future to expandf
our ability to narrow down the areas which need to be closed for PSP. With
this expanded monitoring program it is necessary to continually update ‘the
sampling stations and even sampling frequencies as  conditions dictate.
With experiunce and better knowledge, not ‘only will 1t be pOSSIble to
better define what areas mneed to be closed, but more importantly, what
areas can safely remain open tg harvestlng ' - ' o

Our PSP .sampling program has documented how the dlfferent .species of - Fig. 3
shellfish react to the poison (Fig. 3). This dramatic difference in
accumulation of polson im the wvarfous specles allows for at least some
preplanning for our monitoring program in the spring. Mussels hecome toxic
several weeks prior to the time that clams become poisonous, which allows
for management of closures for species only. The mussel closure, in turn,
forewarns the soft-shell clam industry of a potential closure, giving them
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time to locate alternate supplies of clams. In some years this has meant
that we have only had to close for mussels because we have been able to
demonstrate that clams were not becoming toxic. This has proved to be
beneficial to the clam harvester and dealer because they are not put out of
business because of a rise of polson only demonstrated in mussels. Prior
to this expanded program, a rise of poison in one species has resulted in a
closure for all species. I must point out, however, that when mussels
become toxic, one must expand their sampling program to demonstrate that
the other shellfish are not becoming toxic.

The monitoring plan alsoc demonstrates that when there 1is a
geographically widespread dincidence of poison in mussels just below
80ug/100g, it is reasonable to question the advisability of having any of
this area open to the harvesting of mussels. In mussels, 80ug/l100g appears
to be the threshold of a rapid rise of poison. We have noted a rise in
mussels from 80ug/100g to 500ug/100g in a single day! TFortunately, this
rapid rise is 1n reality not an instant thing; however, an up-to-date
sampling program will give sufficient warning of what is pgoing to take
place (i.e., a widespread low level of poison). In the final analysis,
mussel closures must be based upon the best available PSP monitoring data,
on the State's ability to adequately monitor the harvest area, and on the
overall value of the mussel resource in the area under consideration.

Maine has two distinct and separate areas in which PSP may be expected
to occur. The first area in eastern Maine extends from the international
border with Canada to the Machias River. The second area extends from
Schoodic Point to New Hampshire. Between these two areas is an apparent
PSP-free area. In addition to our shellfish monitoring program, we have
demonstrated by our Gonyaulax cyst sampling program that this area is free
of cysts. On either side of this area only low incidence of poison has
been demonstrated. To date we have not explained satisfactorily the
reasons for this area being toxin free, but undoubtedly it has to do with
hydrographic and chemical conditions which aré unfavorable for the growth
of Gonyaulax. I conduct limited shellfish monitoring in this area to
demonstrate that the shellfish continue to be safe., I am not going to
become over confident in this area always being toxin free as I remember
that until 1972, with the exception of Monhegan and Matinicus, there were
no significant amounts of PSP south of our traditional eastern Maine areat

Additional information useful in decision making in evaluating of PSP
in Maine has been derived from a F.D.A. coatract (233-77-2314) to Bigelow
Laboratory fr Ocean Sclences entitled "Toward an Envirounmental Predictive
Index for Toxic Dinoflagellate Blooms™* (1980), Although we have not yet
been able to develop this index, we have made several important valuable
advances in our understanding of the PSP phenomenon under this contract,
This study has explored and given information on the following parameters:

I, Patterns of dintoxification of shellfish in the Gulf of Maine
coastal waters
IT. Taxonomy and life history aspects

Clarice M. Yentsch and John W. Hurst, Jr., Report of Investigations
Toward an Environmental Predictive Index For Toxic Dinoflagellate Blooms.
To Food and Drug Administration 1979.
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A. Probing the occurrence of biological resting in the
dinoflagellate, Gonyaulax excavata
B, Coexistence of toxic and nontoxic dinoflagellates
resembling Gonyaulax tamerensis in New England coastal
waters
I1L[. Patterns of distribution of Gonyaulax excavata
- Patterns of phytoplankton distribution: An apparent
lunar tidal cycle of phytoplankton blooms and phyto-
plankton community succession din the Gulf of Maine
B. Distribution of Gonyaulax excavata resting cysts in the
sediments of the Gulf of Maine
C. Patterns of resting cyst distribution
IV. Mechanisms and conditions of intoxification and dinoflagellate
blooms
A, Motile cells and cysts: two probable mechanisms of
intoxification of shellfish in WNew England waters
B. Dinoflagellate bloom initiation and perpetuation in the
Damariscotta estuary .
C. Current measurements and flow dynamics around Monhegan
Island, Maine o
V. Physiology of nitrogen and toxing
A, Light and nutrient limitation in Gonyvaulax excavata:
Nitrogen and carbon trace results
B, Toxicity and nuclelec acid content of Gonvaulax excavata

C. Toxicity in resting cysts of the red-tide
dinoflagellate Gonyaulax excavata from deeper water
coastal sediments

D. Changes in toxicity of benthic resting cysts

VI, Recent work with trace metals

A. Iron in Maine coastal waters seasonal variation and its
apparent correlation with a dinoflagellate bloom

B. Trace metal analysis by differential pulse ASV in

water samples from the Gulf of Maine,

Shellfish aquaculture 1is expected to be an increasingly valuable "

addition to Maine's shellfish industry. As the aquaculturist evaluates
potential locations for a new aquaculture enterprise, the occurrence of PSP
is only one of the considerations that must be made in the selection of a
growing area. The aquaculturist must investigate such parameters as site
availability, distance from market, anticipated marketing practices and the
overall envirommental conditions of the growing area. It is entirely
possible that the presence of PSP in an area may be an indication of a good
growing area. The two species most favored by Maine aquaculturists are the
blue mussel, Mytilus edulis, and the European flat oyster, Ostrea edulis.
These two species will always become toxic during a Gonyaulax bloom! I
have been fortunmate In that early on I discovered that 0. edulis becomes
toxic. This oyster presents a very serious public health concern as it is
consuned raw, thus a lower overall PSP level in this oyster may be expected
to cause illness. T have no intention of finding out what this level is,
however,

Shellfish aquaculture in Maine is centered in the Damariscotta River.
This is due to the presence of the Unliversity of Maine's Darling Research
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Locations of aquaculture sites,

Figure 7,



Center on the river, which has promoted shellfish aquaculture. In respect
to PSP, this centralized location of aquaculture is probably an unfortunate
occurrence., This is because PSP can reasonably be expected to reoccur in
the Damariscotta River every year. However, as aquaculture enterprises
begin to expand into other areas it is reasonable to evaluate those areas
for these enterprises to see how they shape wup, paralytic shellfish
poison-wise. As we evaluate the information available on PSP, it becomes
increasingly evident that it is possible to utilize this information in
the planning of new developments in shellfish aguaculture.

In the long run, the occurrence of PSP may work to the overall
advantage of the aquaculture industry because it forces them to market
their shellfish during periods when the overall quality is best. This is
particularly true of mussels and European oysters; the quality of both
species is poor during the months (May - October) when PSP may be
expected to occur.

In conclusion, I anticipate an increasing awareness of PSP by the
shellfish aquaculturists. Without a doubt, our increasing knowledge of the
conditions which aggravate dinoflagellate blooms may be utilized by the
shellfish aquaculturists and the Department of Marine Resources is
developing a meaningful management plan for this potentially valuable
addition to our shellfish resources.
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PRELIMINARY OBSERVATIONS CON

PARALYTIC SHELLFISH POISONING IN CENTRAL PUGET SOUND#*

Louisa Nishitani and Kenneth Chew
School of Fisheries
University of Washington
Seattle, Washington 98195

ABSTRACT

The first outbreak of paralytic shellfish poisoning (PSP) in central
Puget Sound occurred in 1978, with toxicity levels as high as 30,000 ug
toxin/100g mussel tissue. Research initiated at that time has shown that
Gonyaulax catenella, the species believed to have been the causative orga-
nism, forms cysts and that a maturation period may be required before ex-
cystment can occur. A shellfish monitoring program throughout central
Puget Sound delineated the geographical limits of toxicity in 1978 and
demonstrated a southward spread in 1979. Differences noted in patterns of
uptake and loss of toxin in butter clams (Saxidomus giganteus) and mussels
(Mytilus edulis) may be partially explained by the presence of cysts. A
study of environmental parameters has been initiated to determine whether
any of these factors can be used in prediction of occurrences of PSP.

BACKGROUND AND PURPOSE

In September, 1978, paralytic shellfish poisoning occurred for the
first time in Puget Sound, a fiord extending deep. into the more populous
portions of Western Washington (Fig. 1). Prior to that time, toxic shell-~
fish had been found almost annually since the 1930's along the northern
coast of the Olympic Peninsula, and since 1975 in the Bellingham area as
well. 1In the 1978 outbreak red water and extremely high levels of toxicity
(22,000 to 30,000 ug toxin/100g mussel meat) were reported in three dif- -
ferent areas of the Whidbey Basin of Puget Sound. Lower levels of toxicity
and discolored water, reported several days later in the northern part of
the Main Basin of Puget Sound, suggested that a southward spread of the
causative organism was occurring.

A research program was initiated by the College of Fisheries at the
University of Washington to study several facets of the PSP problem: the
extent of the geographical spread, the identity of the causative organism
and questions regarding cyst formation and distribution, rates of uptake
and loss of toxicity in shellfish in Puget Sound, and water quality condi-
tions which influence growth of the toxic alga.

&
Emergency funding for this study was received from the U.S. Food and Drug

Administration and the Washington Sea Grant Program. Mouse bioassays for
shellfish toxicity were conducted by the Washington Department of Social
and Health Services.
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RESULTS AND DISCUSSION

A shellfish monitoring program with routine sampling at 16 sites and
occasional sampling elsewhere on both sides of the Whidbey and Main Basins
of Puget Sound showed that in 1978 shellfish were toxic throughout the Whid-
bey Basin and on both sides of the Main Basin as far south as Des Moines
but not a Redondo Beach (Fig. 1). TIn 1979 shellfish toxicity occurred
throughout the southern end of the Main Basin in areas which had not been
toxic in 1978 with the highest levels of toxicity at Redondo Beach. This
leads to the speculatlon that significant numbers of resting cysts may have
been carried southward in the sediments by the bottom current, which has a
net southward flow in this region (2), and deposited in the gyre off Redon=-
do Beach. Such extension ‘of geographical distribution by resting cysts
has been’ proposed for Gonyaulax tamarensis and G. excavata (1). If, in the
future, the southward extension of toxicity continues past Tacoma, it could
jeopardize the Southern Basin oyster and clam industries with landing
values of approximately $5 million per vear and pose very significant addi-
- tional public health problems.

Plankton samples taken in the Whidbey Basin just after the bloom in
1978 contained a few motile cells of Gonyaulax catenella, a dinoflagellate
known to cause shellfish toxicity on the Olympic Peninsula. It was consi-
dered probable this species had caused the toxicity observed. To determine
whether this species forms resting cysts, as had been demonstrated for G.
excavata (4), sediment samples were collected in Penn Cove, a bay on Whid-
bey Island in which toxin levels reached 22,000 ug toxin/100g mussel meat,
and incubated in a suitable growth medium and under a temperature-light
regime previously used for culturing G. catenella. In a series of such
cultures set up at intervals beginning in October, motile cells first
appeared in March. These results demonstrated the formation of cysts by
G. catenella and suggested that a maturation period may be required before
excystment can occur, as had been observed for G. excavata (5). Rough
estimations of the density of cysts in Penn Cove were obtained by the
technique of serial dilutions in microtiter plates suggested by Hall (6).
Motile cells grew from 31 of the 34 sediment samples collected in three
areas of Penn Cove (the head, middle, and mouth of the bay), with estimated
densities ranging from 40 to 2,800 cysts/ml of the top centimeter of sed- -
iment. Thus, cysts were demonstrated to be patchily distributed throughout. .
the bay and very dense in some samples.

The fact that benthic cysts are produced by this species contributes
to our understanding of the patterns of uptake and loss of toxin, found to
be similar in this study and in earlier work in Sequim Bay (9) and Alaska
(7). Mussels became toxic when motile cells of G. catenella were present
and, at most study sites, lost toxicity rapidly to undetectable levels
within five to seven weeks after maximum toxicity was attained. An excep-
tion to that pattern was noted in those areas of the Whidbey Basin which
had had very high toxicity in 1978. There, following the loss of 80% of
the toxin in a few weeks, low levels of toxicity were maintained for three
to twelve months. Butter clams became toxic several weeks after mussels
and, in areas outside the Whidbey Basin, remained toxic longer than mus-
sels. The different times of toxin increase in these two speciles observed
by Neal in Alaska (7) led him to suggest that they may have different food
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sources providing the toxin, namely motile cells of Gomyaulax for mussels
and toxic detritus or possibly an encysted form of Gonyaulax for butter
clams, as Bourne had suggested for sea scallops in eastern Canada (3).
Our demonstration of resting cysts of G. catenella supports Neal's
suggestion and appears to provide at least a partial explanation for the
differences in timing of increase in toxicity in these two species. The
longer maintenance of toxin in butter clams has been attributed to the
binding of toxin to melanin and storage of the bound toxin in the siphon
(8). It now seems probable that, in addition to such retention, continued
feeding on benthic cysts may also contribute to the longer maintenance of
toxin in butter clams. The exceptional pattern of prolonged toxieity in
mussels, as well as fluctuations in toxin levels throughout the winter in
areas which had had very high toxicity, raise the question of whether
cysts may have been stirred up in the water column and ingested by
mussels, thus providing a continued source of new toxin which compensated
for metabolic loss.’ - L

During this study seven intertidal and three subtidal species of
bivalves were found to be toxic. In addition, a large gastropod, Fusitri-
ton oregonensis, from -55m dredges was found to be as toxic as the scal-
lops (Chlamys hericius) in the same samples.

A study of water quality parameters, plankton composition, and toxin
levels in shellfish was initiated in Penn Cove in 1979 to determine whe-
ther any measureable envirommental conditions could be used in prediction
of PSP. This study will be continued as funding permits. Because hazard-
ous levels of PSP in shellfish in Washington occur much more frequently
with low densities of G. catemella (20 x 103 cells/1) than with demser,
vigible blooms, continued studies of both population changes at very low
densities and the role of cysts in intoxication of shellfish are essential
to our understanding of the factors which may be of value in prediction of
PSP.
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SHELLFISH AQUACULTURE AND PARALYTIC SHELLFISH POISONING

Yuguru Shimizu
Department of Pharmacognosy and Environmental Health 801ences
College of Pharmacy, University of Rhode Island
Kingston, Rhode Island 02881

ABSTRACT

The history and current status of paralytic shellfish poisoning
problems in shellfish aquaculture are presented. The characteristics of
the newly discovered toxins from economically.important shellfish were
introduced. It was confirmed that scallops have the ability to convert
gonyautoxins to saxitoxin in the sequence: gonyautoxin-I + gonyautoxin-II -
neosaxitoxin + saxitoxin. The scallop adductor muscle has the ability to
detoxify; the PSP Alaska butter clam has also the ability to convert
gonyautoxins to saxitoxin and store it in the siphon. Precautions con-
sidered to be necessary for shellfish aguaculture in comnection with PSP
are discussed. :

Aceumulation of noxious substances, both natural and synthetic, in
fish and shellfish, transported through the food chain have been a subject
of great public concern. Such substances are normally so minute in
quantity that their existence can be recognized only due to the recent
development of analytical methods and increased understanding of molecular
toxicology. In a few cases, however, such metabolite transfer from
organism to organism have been known to us because of the drasiic bio-
logical activity of the involved compounds. One noted example is the
shellfish toxins.

Paralytic shellfish poisoning is one of the most drastic forms of
food poisonings which has been known from. the ancient time. People
empirically knew that shellfish in ceritain areas can become toxic in cer-
tain times of the year. Sommer and Meyer (1) for the first time showed
the relationship between the toxicity of shellfish and a dinoflagellate
in the Californian waters., The organism was named Gonyaulax catenella,
Scme years later, the simllar observation was made with the PSP on the . .
Canadian Atlantic coast. Their causative organism was identified as
Gonyaulax tamarensis (2). The toxic principle responsible for the poi-
soning was determined to be a small molecular nitrogenous compound,
saxitoxin. The name came from Alaskan butter clam, Saxidomus giganteus (3)
from which the toxin was originally isolated. In certain Alaskan areas
this normally non-toxic clam contains a considerable amount of toxins
in its siphon. Schantz and his co-workers identified the same toxin in
the Californian mussel, Mytilus californica, and the dinoflagellate,

G. catenella (4). Slnce then, it was generally regarded that the PSP was
caused by saxitoxin,

However, the recent studies mostly done by our group at the University
of Rhode Island have revealed that in many cases toxic shellfish contain
multiple toxins, and that saxitoxin represents only a small portion of the
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of the total toxieity (5). This is true with all the toxic shellfish
obtained from various parts of the world except Alaska butter clam in the
Southeast Alaska (Table 1). The toxin components in the causative organ-
isms also follow the same trend, and thus several toxins were discovered
in the intact cells (6).

The chemical structures of these newly discovered toxins are all
closely related to saxitoxin. Gonyautoxin-II, which is the major toxin in
many samples, was assigned the structure of 1lo-hydroxysaxitoxin by our
group and gonyautoxin-III as its 1lB-isomer (7). Later it was found out
that both compounds actually exist in their sulfate forms (8). Neosaxi-
toxin, which was first discovered in Alaska butter clam, was given the
structure of l-hydroxysaxitoxin based upon chemical and spectroscopic
evidence (9). Gonyautoxin-I has recently been assigned the structure of
1le-dihydroxyneosaxitoxin sulfate (10). Gonyautoxin-I and gonyautoxin-IV
form an equilibrium mixture, in which the former is the predominant com-
ponent indicating gonyautoxin-IV is the more sterically hindered 11f-isomer.

The pharmacological action of all the isolated toxins seems to be
similar to that of saxitoxin; the blocking of sodium ion influx through
excitable membranes. The manifestation of the poisoning is usually very
fast and the direct cause of deaths is respiratory paralysis. The toxin
is heat~stable at a lower pH and cannot be destroyed by heating. The
canning process destroys only a part of the toxicity. The toxin is easily
destroyed by oxidation at a high pH range, which is not applicable in the
ordinary food processing.

In the past, the occurrence of PSP was considered to be limited to
specific areas, e.g., Alaska, Northern California, ete. However, in-
creasing numbers of incidents have recenily been reported around the world.
The socio-economical impact of PSP is now becoming a serious problem.

In September, 1972, a large scale red tide took place in New England
coast north of Cape Ann, where PSP was not a serious problem before. The
toxicity of shellfish in the area reached a very high level. Fortunately,
the incident was discovered at a very early stage, but over thirty people
were poisoned and some seriously. The most serious impact of this red
tide was an economic one. The collection and transportation of shellfish-
was banned lmmediately. The bad publicity created by television, radio
and newspapers implanted unjustifiable fear of seafoods in general among
the public. People started to shun even fish and lobsters which are
absolutely safe. One time the price of fish dropped to cne-third of the
ordinary prices at the Boston fish market. Sea food restaurants lost .
customers and tourism dwindled. It is difficult to estimate the total
monetary loss in this ineident, but it certainly reached the order of
million dollars. The President declared the area as a federal disaster
area.

In 1976 there were 2068 PSP incidents widely scatitered in western
Europe. The poisonings were traced to mussels originated from Spain.
Analysis of a sample confiscated by Swiss Federal Government showed the
presence of gonyautoxins, neosaxitoxin and saxitoxin, a typical profile
found in other PSP samples (11). The toxic mussel was cultured on the
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Northwest coast of Spain and was shipped to various parts of Europe in
large quantities. Due to the insufficient international communication, the
identification of the causative organism was not accomplished, but the
toxin profile clearly indicated that a Gonyaulax species was involved,

In the northern part of Japan, the aguaculture of the seallop,
Patinopecten yezoensis, is a very profitable enterprise. It started Just
some ten years ago and quickly spread to many parts of Hokkaido, Acmori
Prefecture, and Iwate Prefecture., A tremendous amount of capital was in-
vested for the hanging type culture gears. Usually several baskets are
hung by a line attached to a raft or a line spun between buoys. The
manipulation of the hanging lines are often done by a crane placed in a
boat.

Since a few years ago, the large scale cultures at such places as
Ofunato Bay or Funkawan Bay started to be plagued by PSP. The problem is
most serious at Funkawan Bay in Hokkaido, where the loss due to the PSP
amounted to $10 million in 1978,

The toxiecity level of scallop at Funkawan Bay reached 300 mouse
units/l g hepatopancreas in June, 1978, and did not go down until
October (12). This year the matter is worse; they had to halt the ship-
ment completely, which amounts to about 70% of the total Japanese scallop
production, Japanese government set a tenative guideline of 400 mouse
units per 100 g meat for the legal limit. The U.S. and Canadian govern-
ments set the limit, 400 mouse units or 80 ug saxitoxin dihydrochloride
equivalent per one hundred gram meat. The World Health Organization
recommendation also follows the U.S. guideline. The problem with the
Japanese case is rather unique because Japanese People consume the whole
scallop rather than only the adductor muscle. In a Canadian study it was
reported that the adductor muscle part of sea scallop, Placopecten
magellanicus, is devoid of toxieity. The toxicity is mostly localized in
the hepatopancreas, and partly at the mantle, the foot, ete. The dig-
carded part of P. magellanicus at Bay of Fundy indeed showed s very high
toxicity, while the adductor muscle part was safely shipped for consump-
tion (13). 1In this respect, our recent study revealed a very interesting
phenomenon. '

When the scallop toxin mixture was incubated with a homogenate of the
adductor muscle in a buffer solution at PH 5.8, a substantial loss of
toxicity was observed. This ability to inactivate the toxins is apparently
limited to the adductor muscle. When +the toxin mixture was incubated with
the remaining parts of the scallo » there was no change of the total
toxicity, but there were significant changes in the toxin composgition
(Figure 1). The changes indicate that there is the biotransformation
of toxins In the shellfish body, which is summarized in Figure 2, 411
the toxins are eventually reduced to saxitoxin which involves the reductive
removal of a sulfate group and a hydroxyl moiety. The similar transfor-
mation was also confirmed in Alaska butter clam, which may explain the
accumulation of saxitoxin in the siphon {Table 2).
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Figure 1. Toxin profiles in the toxin extracts incubated with
scallop Placopecten magellanicus (a) gill, (b) foot, {c) visceral
mass and {d) adductor muscle in acetate buffer (pH-5.9) for 3 days.
STX: saxitoxin; GTX: gonyautoxin; neoSTX: neosaxitoxin. Chromato-
graphic pattern on a Bio-Rex 70 column.
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TABLE 2. Toxin Contents in Toxic Mussels and Butter Clams
from Puget Sound, Washington.

Toxins Mytilus sp. Saxidomus giganteus S. giganteus
(whole meat%) {whole meat %) ( siphon

GTX1 54.0 31.7 0

GTX2 11.3 _ 21.4 0

CTX 3.4 6.4 0

GTX, , 5 25.2 12.2 0

neoSTX 6.2 6.7 0

STX 0] . 20.9 >95

The ability of the scallop siphon to detoxify the PSP toxins puts
scallops at a uniquely advantageous position in aquaculture. The adductor
muscle, which is only commercially valuable part in this country, is free
of the toxins regardless of the toxicity of the remaining parts. Other
bivalves such as mussels, oysters and clams, whose whole bodies are to be
consumed, always face unpredictable risks, One incident of PSP could
finish a well-established operation and wipe out the total investment-
overnight. Predictability of PSP occurrence--if one can predict the :
potentiality of an area for PSP occurrence or forcast the bloom of toxic
dinoflagellates--will tremendously diminish the risk shellfish growers now
are facing. In order to discuss this subject, it is necessary to explain
the mechanism of the toxin accumulation in shellfish and the 1ife cycle
of the causative organisms.

Basically, filter-feeders like bivalves pick up the toxic dinoflagellates
and the toxins in the cells accumulate in the hepatopancreas. It was )
generally assumed that visible blooms (red tides) are necessary to make the-
shellfish toxic. The accumulated toxins will graduvally dissipate if there -
is no more new intake of the toxins. In reality, however, there are cases
shellfish maintain the toxicity in the absence of any visible blooms. - .

The extremely toxic deep-sea scallop in the Bay of Fundy is found in the
depth of more than 100 m, where there is no possibility of existence of the
photosynthetic motile dinoflagellate., A plausible explanation is that the
shellfisu collects the toxins from the cysts form of the dinoflagellate
which is proved to be highly toxic (14). The cyst is considered to play

a key role in the reoccurrence of blooms. ~Once the motile organisms- - -
exhaust nutrienis or other conditions hecome inadequate, they become
dormant cysts and stay in the sediments until the condition becomes
appropriate for the nexit bloom. Theoreticalily, the examination of sedi-
ment for such cysts can determine the potentiality of particular area for
toxic dinoflagellate blooms. .We have recently analyzed three different
strains of Gonyaulax spp. hatched from cysts obtained from proximate but
different locations in Massachusetts. Although they are morphologically
very close, their toxin productivity is quite different (Table 3) (15).

44



TABLE 3. Toxin Profile in Gonyaulax Organisms of
Different Origins.

Purified Toxins

Organisms SIX GI¥; GIX, GIX, CIX, GTX, meoSTx  [o¥loity
G. tamarensisl ++ +& bk + + +++ +4+ 1 m.u/lO4 cells
G. tamarensis2 + ++ ++ +t + + + 1 m.u/ﬁxlo4 cells
G. tamarensisB * ++ ++ ++ + + + 1 m.u/lO5 cells
G. catenella® + bt ++ T+ + ++ 1 mu/4x104 cells
G. catene11a5 ++ ++ ++ ++ + + ++ 1 m.u/lO5 cells
G. catenella® (£) 1 mu/lO6 cells

Lrpswich, MA; 2Mill Pond, Cape Cod, MA; JPerch Pond, Cape Cod, MA:
4Oase Bay, Japan; 5Sequin Bay, WA; 6LaJolla, CA.

This finding led us to assume that each confined ares has a dominantg
indigenous strain of Gonyaulax organisms whose toxieity varies from non-
toxic to strongly toxic. They recycle by the dormant cyst-motile form
mechanism. In a closed area, the bloom will be confined, and the toxicity
of the shellfish there will be determined by the toxicity of the native
strain and its population. In areas whose indigenous Gonyaulax spp. are
nontoxic, shellfish remain nontoxic despite high counts of organisms in the
water. It is advisable to avoid locations where toxic Gonyaulax cysts are
found in the sediment for shellfish aquaculture.

Constant monitoring of toxieity should be a required practice in
shellfish aquaculture. The U.S. legal limit of 80 ug saxitoxin equivalent/
100 g shellfish meat was set after a number of safety considerations. One -
of them is that once the toxiclty reaches that level, it increases very
rapidly. Another consideration is that even in close proximity, the
toxicity varies tremendously.

The toxicity levels vary alse according to depth. Despite the
generally accepted concept that the organisms in bloom (red tide) exist -
near the surface of water, it was pointed out that the largest population
was found at a certain temperature layer or at the interface of different
water layers. Nishihama (16) working at Uchiura Bay in Hokkaido, found
that the toxic Gonyaulax population slowly migrates from surface to depth
as the water layer interface moves deeper. Accordingly, scallops in the
upper (-10M) baskets reached the maximum toxicity in late May, but those
in the lower (-25M) baskets on the same line reached the maximum toxicity
" in the middle of July. Since most shellfish aquacultures are done by
hanging methods, this remarkable vertical variation in toxieity is very
significant. Enough precaution should be taken in sampling toxicity test
specimens.
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Toxicity variation among different kinds of shellfish--not all
shellfish accumulate the PSP toxins in the same manner even if they are
placed at a same location and feed on an identical plankton mixiure. It
has been sald for a long time that oysters have always lower levels of
toxicity compared to other shellfish. This makes oysters a rather advan-
tageous aquaculture product as far as PSP is concerned. The reason is not
clear, but probably oysters have the ability to degrade the toxins. As
mentioned earlier, sea scallops {probably other scallops too) have ability
to transform some of the toxins. Especially the adductor muscle, with its
enzyme system to detoxify PSP, remains nontoxic unless the muscles are
contaminated in the shucking process. Mussels, Mytilus sp., are used as
the test specimen in the PSP monitoring program. They are very fast in
accumulating toxins. On the other hand, they alse depurate very rapidly.
S0 it is quite possible that even after the ioxlciity in mussels go below
the danger level, still other shellfish in the area maintain a high level
of toxicity. As a rule, if the causative organism disappears, the
toxicity in mussels will dissipate in a few weeks. Alaska butter clam,
however, converts the toxins to saxitoxin and accumulate in the siphon
tissues where the toxin stays for a length of time. For that reason,
Alaska butter clam may not be suitable for aquaculture in areas where PGP
danger is eminent. It is still under investigation if this is true with
other types of clams.

CONCLUSION

With increasing numbers of people who want to venture in shellfish
aquaculture, the paralytic shellfish poisoning problems should be given the
most serious consideration. In a culture of high density, one small scale
PSP incident will suffice to wipe out the total investment. It is highly
desirable to investigate the potentiality of a designated area for the
presence or absence of toxic dinoflagellate cysts before any decision
is made. It 1s also highly desirable io choose an area where no previous
incident of PSP was observed. Cysts can be easily transported with
shellfish, therefore, the seed should be brought in only from safe areas.
Once the organisms are brought in, they very likely stay there perman-
ently by the cyst-motile life eycle. Constant toxieity monitoring is
important after the shellf'ish start to go into the market. Since it is;
not easy to run the mouse assay individually, the establishment of one
assay center in the country will be a good solution.

Se.ction of appropriate shellfish will also bring more security to
the venture. The scallop aquaculture, for example, is free of PSP threat
as long as only the adductor muscle is the commercial product.

There is no means to prevent selectively the growth of the toxic
dinoflagellates. Actually dinoflagellates along with diatoms are impor-
tant food of shellfish. Complete elimination of such organisms from the
water also means the starvation of shellfish. Despite the general belief,
a visible bloom is not a requirement to have toxic shellfish; several
hundred cells per liter are enough to make shellfish toxic.
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PROGRESS OF SHELLFISH TOXIN RESEARCH:
IMPLICATIONS OF TOXIC RESTING CYSTS FOR AQUACULTURE

Clarice M. Yentsch and Lewis C. Incze*
Bigelow Laboratory for Ocean Sciences
West Boothbay Harbor, Maine 04575
School of Fisheries WH-10, Unxversity of Washington,
Seattle, Washlngton 98195

ABSTRACT

Resting cysts, of toxic dinoflagellates responsible for PSP, behave as
fine silt particles within the sedimentary regime; some areas act as "ginks"
for collecting them, while other areas remain relatively cyst-free. We are
discovering large concentrations of toxic resting cysts in bottom sediments
along the Maine coast, and they have been reported as far south as Long
Island Sound. This ealls for a new approach to the shellfish toxicity
problem. Resting cysts probably account for shellfish toxicity where there
is no obvious link with motile dinoflagellates (for example, in deeper
waters, or in winter), and they probably contribute significantly to toxic-
ity following blooms. If so, then the monitoring of plankton for shellfish
toxicity will have to be broadened to include benthic resting cysts and the
sedimentary process, and the practice of transplanting shellfish from one
geographic area to another needs re-evaluation. Aquaculturists must be
concerned about the implications: (1) that shellfish can become toxic by
ingestion of cysts directly; and (2) that the distribution of toxic dino-
flagellates can be spread to areas currently toxin-free by the transplanting
of shellfish which contain mud with cysts of toxic species.

INTRODUCTION

‘Several coastal waters along North America are subject to sporadic
increases in the dénsity of toxin-producing algae of the genus Gonyaulax
(see Figure 1). The various toxins elaborated by some of these algae may be
accumulated by bivalve molluscs of commercial interest. Although most
shellfish species are themselves relatively unaffected by the accumulated
toxins, they present a threat to public health because human intoxication
can result from consumption of these shellfish while they contain the
toxins. The resulting intoxicated condition in humans is known as Paralytic
Shellfish Poisoning (PSP). There are medical records of over 1,650 cases of
this food poisoning worldwide which have resulted in at least 300 fatal-
ities,® Tingling lips and fingertips, dizziness, respiratory difficulties,
and loss of equilibrium are symptomatic of PSP,! In extreme cases, intoxi-
cation can lead to respiratory arrest and death.

Shellfish from most of the major growing areas of North America,
however, contain high levels of these toxins for only short periods of the
year; and during some years, toxin levels remain low enough so that they are
not detected in many areas. Programs to monitor for the increase of toxins
in shellfish are currently in effect to permit selective closures which
allow resource harvesting to proceed with the least possible interruption.
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Figure 1 Coastal waters of North America and common distribution
of species of Gonyaulax and other red tide dinoflagellates.
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With expanded research, the timing and location of significant toxin levels
in shellfish are becoming increasingly predictable, providing benefits to
the future management of natural beds and to the development of aquaculture
practices and the selection of aquaculture sites.

With the onset of a toxic dinoflagellate outbreak, the closing of a
shellfishery sets off a barrage of problems which include not only indivi-
duals involved with the fishery itself, but the public as a whole.!!*!* fThe
outery often vented against these closures is whether or not the established
standards are too conservative. Of course, the shellfish industry by way of
its own public relations is at stake; a severe outbreak of PSP caused by
consumption of marketed toxin-bearing shellfish could lead to unrecoverable
economic disaster for the shellfisheries in general.

At the moment, public health protection from PSP is under control, but
there are other problems which must be addressed. There can result collapse
of local fisheries and related industries. Socio-economic impacts are more
frequent, widespread and longer lasting. These may be direct, e.g., the
closure of the Alaskan clam fishery in 1947 (with a very limited reopening
in recent years), or more recently the closure in 1972 and subsequent years
in New England and 1978-79 in Puget Sound, or indirect, e.g., adverse
consumer reaction to fishery products or tourist sites following a red tide.
Both can span several years and affect communities some distance from the
bloom site., Furthermore, pressures to develop alternatives or replacement
fisheries at new locations may seriously affect the long-term economic
stability of areas experilencing red tides.

The crisis nature of the problem, and the long standing concerns over
the consequence of periodic blooms of toxic dinoflagellates, including their
recent occurrence in new geographic areas, underscores the need for an
organized collaborative effort to place these events in their proper
scientific perspective. With the toxin reported from new locations, it is
uncertain whether or not the apparent spreading of shellfish toxicity is a
function of our increased awareness and monitoring zeal or a real
phenomenon, since many countries and regions have not had long, ongoing
programs studying the problem. It is equally uncertain whether or not the
increased appearance of red tide problems is due to man's activities
(pollution or inadvertent "seeding” via shellfish transplants) or whether
these are merely natural events with long-term prericds which have not been
measured before.

Recently workers have begun to look more closely at the organisms
responsible for the production of the toxins. The identification is complex
and dependent on strict attention to minute details. As of this writing,
there is no consensus as to whether the observed differences are diagnostic
of apparent species, strains, forms or varieties. In addition to the
taxonomic considerations, it is ecologically important to discern whether
the different "types" have different envirommental preferences and whether
differences in cellular toxin levels result from differences in environment,
or differences in genetic “"type." Toxin levels in Gonyaulax spp. have been
observed to vary dramatically from nontoxic?® through highly toxic.?®7°22

Recent developments also have caused a resurgence of interest 1n the
life history of the organisms involved. It is known that, in addition to
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the motile form present in New England waters from mid-April to mid-Octeber,
G. tamarensis produces a naturally occurring resting cyst. These cysts are
the result of sexual reproduction.?" They lack flagella and sink rapidly
and accumulate in the flocculent layer at the sediment-water interface where
they overwinter. The nearly neutral density of these cysts renders burial
in the sediments unlikely. When wind-mixing disturbs the surface sediment,
resettling occurs with the heaviest particles first, and the cysts last.
These cysts appear to act as other sedimented particles, sorting out by
particle size and density into "sinks" and have been used by some investi~
gators to identify water movement patterns.°® A resting period of 4 months
appears to be mandatory,4 yet in some cases duration varies with temperature
of storage, and can be as short as one month.?

Measurement of toxin levels in resting cysts indicates levels at least
ten times higher than those of motile cells.® Cysts have been found in the
water column during periods of strong vertical mixing.za Large concentra-
tions of highly toxic resting cysts have been discovered in bottom sediments
along the Maine coast'® and have been reported in the literaturée as far
south as Woods Hole, MA,? Distribution and occurrence along the Pacifice
Coast is not as well known, but cysts have been reported from the Puget
Sound area®® and from Alaska. : ' o

The presence of these highly toxilc cysts calls for a new approach to
understanding shellfish toxicity problems.®*?’' Evidence suggests that
resting cysts may account for shellfish toxicity even when no motile
dinoflagellates occur in the water column (Figure 2). Such cysts may also
contribute to high toxicity in shellfish when both motile cells and cysts
are in the water column. Examples of organisms exhibiting winter toxicity,
which also suggest ingestion of cysts, include deep sea scallogs (Placo-
pecten magellanicus) at a depth of 100 m in the Bay of ?undy2°’3 and butter

clams (Saxidomus giganteus) and mussels (Mytilus edulis) from Haines, AK, 32

Recent findings about cysts serve to emphasize that red tides, that is,
discolored water, are by no means diagnostic of toxic conditions because:
(1) shellfish can accumulate harmful amounts of toxin even at Gonyaulax
concentrations below those necessary to discolor water; (2) shellfish can
intoxify when no motile cells are detected in the water column, but when
cysts of the causative organisms are present;2® and (3) red tides can result
from concentrations of other, non-toxic dinoflagellates®® or ciliates.®?!? .

While dense concentrations of toxic dinoflagellates may result directly
from seed beds of cysts, followed by rapid growth of the algal populations,
physical (hy. rographic) mechanisms also appear to be important. These
concentrating mechanisms are unique in that they require no rapid reproduc-
tion. Instead, they provide a means for delivery of existing populations to
a specific area where biological behavior, such as positive phototaxis, can
result in dense concentrations.ls’”’zs’25 These mechanisms may be
triggered by meteorological events, such as rainfall and wind,®?17°27

Recent physical data suggest that frontal zones, or discontinuities
between water masses, are the locations most likely to generate red tides.®
These fronts may result from tide- or wind-generated convergences and/or
density discontinuities; they are frequently marked by pronounced
differences in the vertical stability of the two water masses. 12*181234253
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Fronts can be detected in surface temperature differences which can be
sensed by Infra-red carried aboard small aircraft or via TIROS, GOES and
other satellites. These fronts may also produce surface and/or water
column chlorophyll maxima which can be detected by the CZCS (Coastal Zone
Color Scanmner) system.

The Monhegan Island area off the coast of Maine has been studied
intensively by our research group over the past five years. The progress is
given diagrammatically in Figure 3 a-e.

Despite our increasing knowledge of dinoflagellate ecology, it is still
not possible to predict specific toxin occurrences. 1In recent years, toxic
shellfish have been found in areas where toxins had been previously unknown;
it thus appears that no guarantees can be made for toxin-free locales. 1In
areas that to date have witnessed no shellfish toxin, dinoflagellates
routinely bloom, and there is fear that a toxic species might replace a
non-toxic species. It 1s, therefore, unrealistic for commercial management
to focus attention only on areas historically free from shellfish toxins.

The current thought on developing a predictive index for shellfish
toxin is changing from the original concept of monitoring dinoflagellatesg in
the plankton to the general concern for lomg-term studies on climatological
and satellite-sensed hydrographic factors which may favor "blooms" of
dinoflagellates. The fact that cysts are now being implicated as a cause of
shelifish toxicity complicates the predictive index concepts, but increases
our understanding of toxin occurrences in nature. This, in turn, should
lead to better approaches to managing shellfish resources.
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THE QOCEAN HAS ITS BEZOAR, TOO

A. A. Benson
Seripps Institution of Oceanography, La Jolla, California 92093

ABSTRACT

Phosphate concentrations of surface waters approach those of
arsenate in much of the ocean. Consumed by phytoplankton, phosphate
drops to the 2-6 x 10'8 molar level of oceanic arsenate. Since uptake
mechanisms for both ions appear to be i1dentical, the algae of low
phosphate waters are faced with the problem of detoxicating arsenate.

We have examined the products of 7aAs-arsenate uptake by many
diatom and dinoflagellate species, by corals, and by several tropical
algae using radio-chromatographic methods. A major arsenic-containing
product identified as 5~dimethylarsenosoribosylphosphatidylglycerol, is
derived from a stable anionic phospholipid. The detoxication Dprocess,
then, involves successive methylation of arsenite and transfer of the
product to ribose to yileld 5-dimethylarsenoso-5-deoxyribose. The
products of deacylation of the phospholipid accumulate in varying but
comparable concentrations in algae. Bacterial degradation aids removal
of arsenic from the algal cell. Nature's elegant mechanism for arsenate
detoxication appears to be regulated by the availability of
envirommental phosphate. The Persians' Bezoar Stones, too, were used
for arsenic detoxication for the past thousand years. We now know how
they could have functioned in removing arsenate and arsenite from wines
or in cases of poisoning.' They were indeed no more magical than -
Nature's own process.

INTRODUCTION

The Bezoar Stone played a central role in pharmacy from its
introduction into the West during the Middle Ages (Elgood, 1935;
Monardus, 1580) until the ultimate differentiation of  pharmacy,
chemistry, and magic in the eighteenth century. These intestinal
concretions (Milton and Axelrod, 1951) from goats in the mountains’ of
western Persia had been claimed, as early as 822 AD to "protect against
poison” from whence their name, "Bezoar®™ Stones. Although the stones
were at first claimed to protect against arsenic and aconite poisoning,
their powers grew to include plague, epllepsy and Jjaundice (Bauhini,
1613), perhaps the reason for the wane in public conflidence after about
1750.

Now that we understand chemistry and a 1little about bioleogy we

realize that the Bezoar Stone could have had some therapeutic functions.
A drink, poisoned with arsenate, could have been purified wupon contact
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with a Bezoar Stone. Its crystalline calecium hydrogen phosphate
(brushite) could release phosphate ions to produce the exactly
isomorphous  calelum  hydrogen  arsenate (pharmacolite) (personal
communication, Professor G. A. Arrhenius), The more commonly used
poison, arsenlite, could have been bound by the Begzoar's matrix of
degraded hair with its copious disulfide and sulfhydryl groups. It
seams possible that these stones could have performed some useful
function in detoxication of arsenic,

The ocean, too, has an arsenic problem. This ubiquitous element is
widely distributed in seas, lakes, and soils. It arises from vulcanism,
hot springs, and rivers. It is ultimagely deposited in marine sediments
leaving a rather constant level of 10 ” molar arsenate in seawater. Its
presence, recognized by Rakestraw and Lutz (1931), was determined by
Johnson and Pilson (1972) who refined phosphate analyses for several low
nutrient areas of the ocean. Both ions give the same characteristic
phosphomolybdate blue color. The Sargasso Sea, the Caribbean Sea and
troplic seas in general, where upwelling does not restore the phosphate
consumad by surface phytoplankton, have very low phosphate
concentrations. In f%ct, their phosphate levels approach those of
natural arsenate, 10 ~ molar. Under such conditions algae, being unable
to discriminate between phosphate and arsenate, absorb both ions in
comparable quantities. They would die of arsenic poisoning were it not
for immedlate function of t{heir mechanism for biochemlcal detoxication
of arsenate and arsenite. It serves as a built-in Bezoar Stone to make
life possible in the {roplc ocean.

RESULTS

Experimental aboroach. Since arsenic concentrations in algae and
other organisms are generally only a few parts per million, one can
hardly isolate and identify metabolic Intermediates. Edmonds et al.
(1977} succeeded In disclating from Western rock lobster (Papulirus
Jongipes ovegnus) muscle a erystalline compound identified as arseno-
betaine (Fig. 1).

(CHy);A%-CH,-COO™
Fig. 1. Arsenobetalne

Tts identlty relieved concerns for arsenic toxicity of this impoftant
Australian marine product. Arsenobetaine, like arsenocholine, haqueen
syntheslzed forty years earlier and fed to rats and chicka at a 1% of
diet level with no apparent ill effects (Welch, 1936, 1938, 1942; Jules
and Welch, i942). Subsequent studies with natural arsenic metabolites,
too, suggested that the products were readily excreted by mammalian
kidneya.

Radiochemical studies with ?uﬁs«arsenate in our laboratory revealed

that the nearly universal products of algal metabolism of arsenate are
the water =oluble compounds related to an amphipathic arsenolipid
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(Cooney et al., 1978). The structure of these compounds were determined
using nmr and IR by Edmonds and Francesconi, 1981. While not the same
as arsenobetaine and  arsenocholine, the 5-dimethylarsenoso-5-
deoxyribosylglycerol derivatives they identified are similar enough in
structure and, probably, in metabolic fate to allay concern over their
possible toxicity.

Mechanism of arsenate detoxication. For some time it has been
clear that arsenate detoxication involves reduction to arsenite,

methylation to produce methanarsonate, further methylation to yield
cacodylate (dimethylarsinate), and final transfer to a ribose derivative
yielding dimethylarsenosoribosylglycerol (Fig. 2).

OH CHy CHy CHy

HO—Ag~-0OH— As—OH~>HO~Ag —OH-—+HO—As—CH;— CH; —As—~CHjy

Arsenate  Arsenite Methanearsonic Dimethylarsinic Trimethylarsine
Fig. 2. Reduction and methylation of arsenic in biologlcal systems.

The first intermediates are toxic., Yet each can be an end product of
the detoxication process in certain groups of organisms. For example,
we find that arsenite is excreted by the alga, Dunaliella tertiolecta,
and presumebly by a wide variety of organisms such as corals and
bacteria.. Methanearsonate accumulates in certain bacteria which fail to
methylate it further. Yeasts often accumulate cacodylate and go no
further. A group of notorious fungi synthesize and release volatile
trimethylarsine, the M"Gosio Gas"™ which caused numerous deaths when
fungal metabolism produced it in wallpapers of European bedrooms. This
garlic-smelling gas is released from soils, bogs, and decaying marine
tissues from available arsenite (Woolson, 1977).

Fortunately, trimethylarsine reacts avidly with the ubiquitous
metabolite, phosphoenolpyruvate, to produce trimethylarsoniumlactate

(Fig. 3).

ﬁHz CH,-A% (CHy)y CH,-A% (CHy)s

c-o@ AsLCH)s, cho® . CHOH

COO~ coo” Ccoo

Fig. 3. Reaction of trimethylarsine with phosphoenolpyruvate
producing trimethylarsoniumlactate.

Finally, the arsenic is in an inocuous form. This zwitterionic compound
in which the arsenic mimics the nitrogen of isoserine betane could be an
arsenical which is readily excreted by the mammalian kidney. It could
be the precursor of the arsenobetaine isolated and characterized in rock
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lobster muscle. It must be pointed out, however, that although we have
produced arsenobetaine chemically by oxidative degradation of trimethyl-~
arsoniumlactate all attemptis fo find it in biological systems allowed to
metabolize arsenical intermediates have been unsuccessful. Even the
American lobster Homarus americanus is apparently so different that it
accunulates dimethylarsenosoribosylglycerol and not arsenobetaine when
fed arsenic-labeled algae (Cooney and Benson, 1981).

Arsenic transfer in the marine food wueb. the c¢lassic feeding
experiments of Coulson et al. (1935) were designed to demonstrate
metabolism or excretion of the dietary arsenicals derived from shrimp.
Based on elemental arsenic assay, the arsenic compound(s) were excreted
through the kidneys of prats. The compounds so excreted probably
inecluded dimethylarsenosoribosylglycerol and/or arsenobetaine. Not all
kidneys, however, are so effective in excretion of arsenic compounds
derived from the diet. The wide range of arsenic contents of marine
organlisms appears to stem from variation in ability to excrete arsenic
metabolites as well as the nature of the dietary arsenic source,

We have initiated a survey of arsenic accumulation in tissues of
animals feeding on phytoplankton and algae growing under phosphate-
deficlent conditions (Benson and Summons, 1981). From a collection of
animals obtained on the Great Barrier Reef we cite some dramatic
examples in Table 1. It 1is seen +that several symbiotic systems
involving algae and animal hosts accumulate unusual levels of arsenic.
The ascidians listed are hosts for their symbiotic prochloron (green
eukaryotic algae) and the Hippopus and Tridacna are large molluscs which
consume phytoplankton and harbor symbilotic zooxanthellae (dinoflagellate
algae, QGymnodium microadriaticum) which appear fto senesce and undergo
degradation, Their large kidney (nephridium) appears tco accumulate
levels of arsenic higher than any recorded. Identification of the
arsenical component(s) in these kidneys at a 0.2% level is in progress,

Bacteria play an important role in the removal of arsenic from
marine algae. One would expect that phytoplankton and macroalgae
phosphate~deficient waters might accumulate arsenic. There 1s little
evidence that they do (Table 2). In preliminary experiments with
ordinary and axenic algal cultures or with field collected and surface-
steri. 1zed macrcalgae, R. V. Cooney and J. M. Herrera-Lasso
{(unpublished) observed dramatic effects of superficial bacteria upon the
arsenlcals of algae. It seems that the arsenophospholipid, incorporated
in the surface membranes of algae, is attacked by bacteria or their
extracellular enzymes to produce cacodylate and/or methanearsonate. One
may envision the arsenoglycosylrhosphatide (Fig. 3) located in the
plasmalemma of an alga with its water-soluble S5-dimethylarsencsoribosyl
group exposed in the external water phase.
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Table 1. Arsenic and phosphorus in seawater (Johnson and Pilson, 197-2).

Arsenate uM Phosphate uM
Sargasso Sea 0.03 0.01
0.05 0.02
Azores 0.01 0.01
0.02 0.01
Bahamas 0.02 0.00
Jamaica 0.01 0.01
0.02 0.01
Key _West 0.06 2.01
North Atlantic {(50°W) 0.04 0.27
Strait of Georgia, B.C. =0.03 2-3

Table 2. Arsenic conlent of selected marine organisms.

Species

Parts per million  Reference

Name Source
dry weight
Sargassum weed Sargassum filapendulum  Fort Pierce, Fia. 32 3
. Seaweed Laminaria hyperborea Trondheimfjord 139 2
_ Ch]orophyc;"ea\e= Enteromopha sp. Vancouver Is., B.C. 0.93* 3
Chlorophyceae Enteromopha sp. Savannah, Georgia 23 3
Caulerpa sp. Great Barrier Reef, 4.5 1
14°35°South
Caulerpa sp. Florida Keys 2.5 _ .
Halimeda sp. Florida Keys L5 3
" Halimeda sp. Great Barrier Reef 21
Shrimp. . Pandalus borealis Oslofjord 36 2
Herring Clupea harengus Western Norway 28 2
Foraminifera Marginopora vertebralis  Lizard Island, 3 1
. S Great Barrier Reef
Oyster Ostrea sp. Lizard Island 58 ]
Rock oyster Ostreq sp. Jervis Bay, N.S.W., 8 1
Greal Barrier Reel
Mussel Mytifus edulis Western Norway 12 2
Hippopus clam kidney  Hippopus hippopus Lizard Island 561 1
Hippopus glam gonad  Hippopus hippopus Lizard Island 65 1
Tridacna clam kidney Tridacna maxima Lizard Island 1064 1
Ascidian Didemnunt ternatanum Lizard Island 226 1

References: 1, Benson and Summons, 1980; 2, Lunde, 1973; 3. Sanders. 1979
* 43% organic, 57% inorganic As
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o, 0
H,clz0—‘\P’—~~oc|:1-12

CHy HO-C-H H-C-0-CO-R
-
0'ﬂ%S“CHz o H, H,CO-CO-R'
OH OH

Fig. 4. Dimethylarsenosoribosylphosphatidylglycercl,
the arsenophospholipid.

Oxidative attack at the dimethylarsenoso group yields cacodylate. This
is also a product of in yvitro thermal hydrolysis and air oxidation of
these compounds in the laboratory.

Arsenic foxiecity. Marine organisms, although facile in metabolism
of natural levels of arsenate and arsenite, cannot tolerate exposures to
very much higher levels of these 1lons. In experiments designed to
estimate tolerance levels for corals (Acropora formosa) it was observed
that arsenate or arsenite at levels only a few-fold greater than that of
seawater caused ejection of zooxanthellae and death of the coral. Such
sensaitivity suggests that the productivity of marine organisms in
phosphate~deficient waters may be seriously limited by the energy
consumed and deleterious effects resulting from the reguirement for
arsenate detoxication. It is observed that the ratio of photosynthesis
to respiration in algae grown under optimal nutrient conditions 1is 20
while the ratio for occeanic phytoplankton under 1limiting nutrient
conditions is 3 to 5. The difference, a greatly enhanced respiratory
requirement, may be the result of the energy consumed in reduction and
methylation (Wood et al., 1978) of oceanic arsenate. The effect of
inereased arsenate levels wupon respiratory ratios has been studied by
Giddings and Eddlemon (1978). ' :

Arsenic contents of marine products (Table 2) vary greatly. It is
unfortunate that so much work has been reported without adequdte
documentation of the source of the =sample and the phosphate content of
the water in which it grew. The latter is extremely important in
inter weting the bases for arsenic accumulation  and estimating the
effects of higher or lower phosphate levels upon arsenic content. One
may note in Table 2 that samples of Enteromorpha from high phosphate
coastal waters of British Columbia had wvery little arsenic which a
similar species from Georgia coastal water had 23 times more arsenic. A
gimilar relationship is seen in oyster samples from phosphate-rich
waters of New South Wales (8 ppm) and low phosphate water of the Great
Barrier Reef (58 ppm).
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CHEMOTHERAPY AND CHEMOPROPHYLAXIS FOR CONTROL OF
BACTERIAL DISEASES OF FISH

G. L Bullock
U 5. Fish and Wildlife Service
National Fish Health Research Laboratory
Kearneysville, West Virginia 25430

ABSTRACT

The development of chemotherapeutic procedures for treating bacterial fish
diseases and the drugs currently used in treatment of these diseases are
briefly described. Efficacy studies with a potentiated sulfonamide for
control of furunculosis and enteric redmouth disease, and in vitro studies
on myxin, a potentially useful drug in fish husbandry, are also presented,

INTRODUCTION

Fishes, like other vertebrates, are subject to a wide range of infectious
diseases. Wild and cultured fishes are infected by the same agents, but
the frequency of epizootics is greater among propagated fishes because
physical, chemical, and physiological stresses often occur among oOr are
imposed upon intensively cultured fish. Nutritional imbalance, oxygen
depletion, unfavorable temperature, and crowding are examples of the
stresses that, singly or in combination, predispose fish to disease. As a
result of stress, disease can be caused by opportunistic pathogens such as
Aeromonas hydrophila, or latent carriers of obligate pathogens such as

A. salmonieida may release the organism and precipitate explosive epizo-
otics. The role of stress in fish disease was extensively reviewed by
Snieszko (1974) and Wedemeyer et al. (1976).

Disease control consists primarily of the application of avoidance or
preventive measures and secondarily of remedial measures such as therapy.
Prevention may be achieved by sanitary procedures, appropriate nutritionm,
temperature control, oxygenation, and sound husbandry. In addition, spe-
cific diseases may be prevented by immunization or chemoprophylaxis.
However, even in properly managed hatcheries, epizootics sometimes occur
and chemotherapy is necessary. Unfortunately, the indiscriminate use of
drugs and chemicals or the substitution of these compounds for sound hus-
bandry during the last two decades has resulted in a sharp increase in the
occurrence of drug-resistant bacterial pathogens. This increase has been
due in part to selection of existing resistant forms and in part to the ‘
plasmid-mediated transfer of resistance factors (Aoki et al. 1977; Aoki

et al. 1974; Aoki et al. 1971).

This report reviews current use of chemicals and drugs in controlling
bacterial diseases of fishes, presents results of studies on a potentiated
sulfonamide, and discusses briefly several new drugs that have a potential
for effective control of bacterial diseases. The term drug as used here
includes sulfonamides, antibiotics, nitrofurans, and other products that
usually exert a bacteriostatic effect. The term chemical denotes compounds
that are usually used as bath, or external, treatments and are most often
bactericidal.



PRESENT STATUS OF CHEMOPROPHYLAXIS AND
CHEMOTHERAPY OF BACTERIAL DISEASES

Bacterial diseases of fishes are caused by members of the genera Aeromonas,
Pseudomonas, Vibric, Yersinia, Pasteurella, Edwardsiella, Corynebacterium,
Streptococceus, and Flexibacter. With the exception of Flexibaeter, many of
the fish pathogens are similar or identical to those producing disease in
man and other warm-blooded animals. To date, fish are the only reported
hosts for the flexibacters. The application of chemotherapy to fishes is
usually effected on a population rather than on an individual basis.
Systemic bacteremias are treated by adding the appropriate drug to the diet,
and external infections are controlled by chemlcal bath or flush treatments
(Herman 1972).

As the names 1mply, chemoprophylaxis is intended to prevent disease out-
breaks, and chemotherapy is used to treat disease that has occurred. In
both, the dosage rate is usually the same but the length or number of
treatments is greater in chemotherapy.,. However, when oral medication is
used for systemic bacteremias, the distinction between chemotherapy and
chemoprophylaxis is not clearly defined because medication benefits only the
fish healthy enough to eat. Even though the drug may have been intended for
chemotherapy, it may act chemoprophylactically. :

Although chemotherapy is beneficial in disease control, some antibacterials
are detrimental in fish or fish culture systems. For example, Collins et
al. (1976) found that a single application of 50 mg/L of erythromycin
inhibited nitrifying bacteria that are essential in removal of ammonia in
recirculating fish culture systems. Nitfrifying bacteria were not affected
by chloramphenicol, sulfamerazine, or Terramycin (oxytetracycline) when used
at 50 mg/L, but Chun et al. (1978) reported that at 60 mg/L Terramycin did
inhibit nitrifying bacteria. Rijkers et al. (1980) also reported that
injection or oral application of Terramycin suppressed the humoral response
in carp (Cyprinus carpio). Cellular immunity in carp was suppressed by
injection but not by oral appllcatlon.

Cbntrol of Systemic Infections

One of the first attempts at chemotherapy of a systemic bacterial disease
was made when Tunison et al. (1937) attempted to control ulcer disease,
caused by an atypical variant of Aeromonas salmonicida in brook trout (Sal-
velinus ["miinalis) by feeding food containing sulfanilamide. Trout were
fed at the rate of 2 g of drug per kilogram of body weight per day
(g/kg/day) for several days. There was no beneficial effect, and some
evidence of toxicity. Studies carried out in the late 194Qs and early
1950s were directed toward control of furunculosis, a major septicemic dis-
ease of salmonids caused by Aeromonas salmonicida. Gutsell (1946, 1948)
tested several sulfonamides and Furacin (nitrofurazone) for controlling a
natural outbreak of furunculosis in brook trout, and found that sulfamera-
zine was the best drug, and that it controlled the disease when fed at the
rate of 176 mg/kg/day for 25 days. Additional research was conducted to
determine efficacy (Gutsell and Snieszko 1949a; Gutsell and Snieszko 1949h),
toxicity (Wood et al. 1955), and tissue levels (Snieszko and Friddle 1951)
for sulfonamides. From the resulting data, the recommended dosage of
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200 mg/kg/day for 14 days was established. Work in the early 1950s showed
that Terramycin or Chloromycetin (chloramphenicol) controlled furunculosis
when fed at the rate of 50-75 mg/kg/day for 10 days (Snieszko et al. 1952).
Post (1959), who tested several nitrofurans for their ability to control
furunculosis, found furazolidonme to be the best. Additional experiments
established the effective dosage at .75 mg/kg/day for 14 days (Post and Keiss
1962). '

Erythromycin was found to be the drug of choice in treating bacterial kid-
ney disease (Wolf and Dunbar 1959) caused by Renibacterium salmoninarum
(Sanders and Fryer 1980). The commonly observed tendency of R. salmoninarum
to occur intracellularly, coupled with effects of water chemistry (Warren
1963), may be the reason for the frequent failure of chemotherapy to control
the disease. Recently, fishery workers on the West Coast have injected
adult Pacific salmon with erythromycin to control prespawning mortality
attributed to K. salmoninarum. Other workers claimed that vertical trans-
mission of R. salmoninarum was prevented when they added 1 to 2 ppm eryth-
romycin phosphate to newly fertilized eggs during the time of water
hardening. : ‘

Shiomitsu et al. (1980) found that feeding erythromycin at 25-50 mg/kg/day
for 4 to 7 days effectively controlled natural outbreaks of streptococcal
septicemia in cultured yellowtails (Seriola quinqueradiata). Erythromycin
therapy was more effective in controlling streptococcal infections than
either Terramycin or ampicillin.

The antibacterials discussed above have been and continue to be useful in
controlling several infections caused by gram-negative bacteria. However,
their effectiveness is limited by the requirement that fish eat the medi-
cated food to derive benefit.

The introduction of Furanace (ni~furpirinol) opened a new dimension in
treatment of systemic bacterial diseases. Even though the drug was admin-
istered as a bath at a 1~ to 2-ppm concentration, it was rapidly absorbed
and concentrated in tissues, where it attained therapeutic levels. Fura-
nace was found to be effective in controlling columnaris disease caused by
Flexibacter columnaris (Amend and Ross 1970), cold-water disease caused by
Cytophaga psychrophila (Amend 1972), and bacterial gill disease purportedly
caused by Flavobacterium (Kimura et al. 1978). However, skin and gill le-
sions were reported in channel catfish (fetalurue punctatus Rafinesque)
exposed to 0.5 ppm furanace for 4 or 14 days. Lesions were developed on

day 3 of the 4~day treatment and on day 11 of the l4~day treatment. Lesions
continued to develop after catfish were moved to fresh water (Mitchell et al.
1978). Nitrofurans have also been shown to have mutagenic properties, and
there is little likelihood that furanace will ever be approved by the U.S.
Food and Drug Administration for use in food fishes.

Fish can also absorb and concentrate kanamycin when it is administered as a
bath treatment (Gilmartin et al. 1976). A single 25 mg/kg injection of
kanamycin controlled a Pseudomonas. infection in white catfish (Jetalurus
catus) (Meyer and Collar 1964). However, when Kanamycin was injected, a
dosage of 10~20 mg/kg was toxic to steelhead trout (Salmo gairdneri) and
caused gross and microscopic pathological alterations (McBride et al. 1975).
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Japanese investigators have tested several newer antibacterials for treat—
ment of systemic diseases. When tested in vitro, piromidic acid was active
against a wide range of bacteria, and a 3-day treatment of 6.1-7.8 mg/kg/day
controlled A. hydrophila and Vibrio anguillarwnm infections in goldfish
(Carasstius auratus) and eels (Anguilla japonica) (Katae et al, 1979). Piro-
midie acid also inhibited the conjugal transfer of R-plasmids. Continuous
9-day exposure to a 2-ppm bath treatment of oxolinic acid or nalidixic acid
was effective against Pseudomonas anguilliseptica, the cause of red spot
disease in eels (Jo 1978). Oral administration of 5 mg/kg/day oxolinic

acid for 3 days was also effective against P. anguilliseptica infections.
Pseudotuberculosis of yellowtails (S. gquinqueradiata and §. purpurascens)
caused by Pasteurella piscieida was controlled by feeding ampicillin at 100
mg/kg/day for 8 days (Kusuda and Inoue 1977).

Potentiated sulfonamides constitute a rather new group of drugs that have
recently been shown to be effective in treating systemic diseases of
fishes. The potentiated sulfonamides are combinations of the older sulfas
with diaminopyrimidines. Individually, the sulfonamides and diaminopyrim-—
idines such as trimetoprim are bacteriostatic, but in combination their
effects are bacteriocidal. The combination works by blocking sequential
steps in the synthesis of tetrahydrofolates. Seven sulfonamides, when
tested in combination with trimetoprim, were found to be more effective in
their inhibition of gram-negative fish pathogens than were the sulfonamides
alone (McCarthy et al. 1974a). As an example, a combination of 15 mg tri-
metoprim and 100 mg sulfamethylphenazole controlled experimentally induced
furunculosis in rainbow trout (McCarthy et al. 1974b). Medicated diet was
fed for 14 days, and furunculosis was controlled when treatment was ini-
tiated either immediately after injection of 4. salmonicida or when clin-
ical signs were first observed. However, if medicated feed was withheld
until trout began to die from furunculosis, control was not achieved. The
potentiated sulfonamide Ro5-0037, a combination of five parts sulfadimeth-
oxine and one part ormetoprim was tested at the National Fish Health
Research Laboratory and found effective for control of several gram-neg-
ative pathogens of fish. Details of these studies are discussed in a
later section.

Control of Extermal Infections

Several chemicals are used to control external bacterial diseases in
fishes. The organic iodines such as Betadine or Wescodyne are routinely
used at concentrations of 100 ppm iodine for 10-15 min for disinfection of
salmonid eggs immediately after water hardening (McFadden 1969). Efficacy
and safety are greatest at a pH range of 6.5 to 7.5. Although a number of
the bacterial pathogens have been shown to be sensitive to iodine compounds
(Ross and Smith 1972), disinfection with organic bound iodine has not
prevented vertical tramsmission of bacterial kidney disease (Bullock et al.
1978), nor of infectious pancreatic necrosis virus (Bullock et al. 1976).
Bacterial gill disease, one of the most serious diseases of juvenile
salmonids, may be prevented by a single 1-h prophylactic treatment with

2~4 ppm Diquat cation, or 1-2 ppm active ingredient of quarternary ammonium
compounds such as Roccal or Hyamine (Wood 1974). However, when epilzootics
of bacterial gill disease accur, three consecutive treatments are required
to achieve control. Diquat at 2-4 ppm of the cation has also been used for
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treating the external phase of columnaris disease and salmonid cold-water
disease (Wood 1974). Columnaris disease in pendfishes is controlled by the
addition of 0.5 ppm copper sulfate (Davis 1953) or 2 ppm potassium perman-
genate (Rogers 1971). A 24~k bath of 1 ppm oxolinic acid was reported to
be effective in controlling columnaris disease of several cultured fishes
in Japan (Endo et al. 1973). A bath treatment of 22 ppm (active ingre-
dient) Furacin is recommended for control of external motile aeromenad and
pseudomonad infections of striped bass (Morone saxatalis) (Bonn et al.
1976).

The above drugs and chemicals used for systemic and external bacterial
diseases are only a partial listing. A more detailed listing can be found
in the works of Snieszko (1978) and Herwig (1979).

STUDIES ON THE POTENTIATED SULFONAMIDE Ro5-0037

Among the compounds discussed above, only Terramycin and sulfamerazine have
been registered by the U.S. Food and Drug Administration, and thus are the
only drugs that can be used legally for systemic or external bacterial
diseases of food fishes. Inasmuch as it was considered desirable to have a
third antibacterial registered for legal use, biologists at the National
Fish Health Research Laboratoy chose Ro5-0037 for study because several
gram-negative fish pathogens have been found to be sensitive to this drug.
The initial work at the Laboratory was with furunculosils because increasing
numbers of strains of 4. salmonicida were shown to be resistant to sulfa-
merazine or Terramycin, or both. In vitro studies with 23 strains of

A. salmonicida showed that Ro5-0037 inhibited growth of both sulfonamide-
resistant and sensitive strains. Sulfadimethoxine and ormetoprim inhibited
sulfonamide sensitive strains but both were ineffective against resistant
forms (Bullock et al. 1974). Also, a l4-day treatment with Ro5-0037 at

50 mg/kg/ day--one-fourth the usual sulfonamide dosage——effectively reduced
mortality among rainbow trout with experimentally induced furunculosis. As
shown in Tig. 1, the combination of sulfadimethoxine and ormetoprim was
more effective than either drug alome. Sulfadimethoxine provided a satis-
factory measure of contorl of furunculosis, ormetopim was practically
ineffective. Also, the development of resistant strains of A. salmonicida
was three times more rapid after treatment with sulfadimethoxine and ormeto-
prim than with Ro5-0037 (Fig. 2). Although Ro5-0037 proved efficacious for
furunculosis, tissue studies indicated that ormetoprim residues remained in
the skin and scales of rainbow trout for as long as 3 months. The long
withdrawal time necessitated by the lingering residue diminishes the use-.
fulness of the drug. To overcome the problem, investigators reduced the
duration of treatment from 14 days to 5 days. With the 5-day treatment,
ormetoprim residues were cleared from all tissues within 5 weeks.

Large-scale clinical trials were then carried out in fish hatcheries to
test efficacy of the 5-day Ro5-0037 treatment on furumculosis or enterie
redmouth (ERM), another septicemic disease of salmonids caused by Yersiniaq
ruckeri. All trials were conducted under an Investigational New Animal
Drug Permit, which required that medicated fish be held 6 weeks after com-—
pletion of the trial. More than 900,000 salmon or trout were involved in
trials conducted in representative geographic regions across the United
States. Ro03-0037 effectively controlled all but one of the ERM epizootics,
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Fige 1. Effect of l4-day treatment of furunculosis in rainbow trout

(Salmo gairdneri) with Ro5-0037 and its components,
sulfadimethoxine and ormeteprim.

not only during the 5-day period of treatment but also for the 3-week
observation period that followed. However, Ro5-0037 was not effective
against ERM when trout were under continuous stress from crowding and were
receiving water from fish with active ERM disease.

Field trials also showed that the effectiveness of Ro5-0037 in controlling
furunculosis epizootics varied. Generally, Ro5-0037 was effective in epi~
zootics caused by strains of A. salmonicida that were resistant either to
sulfamerazine or to Terramycin. However, the efficacy was less than com-
plete against strains that were resistant to both drugs (Fig. 3). The '
effectiveness may have been reduced because the furunculosis outbreaks vere
well under way before treatment was started. I believe that if Re5-0037 1is
fed when furunculosis or ERM is first recognized, and if proper cultural
practices are followed, the drug will be effective. This is supported by
results . -om a study that compared the effectiveness of Ro5-0037 and Terra-
mycin in controlling a furunculosis outbreak in presmoltr (23 g) coho:salmon
(Oncorhynchus kisuteh) in Oregon. Salmon in two tanks (1200 each) were fed
feed containing Ro5-0037 for 5 days at the rate of 50 mg/kg/day and non~-
medicated feed for 9 days. Salmon in two tanks were fed 50 mg/kg/day
Terramycin for 10 days and nommedicated feed for 4 days, while salmon in
two tanks were fed nonmedicated feed for the 14 day test peried. Total
mortality in the three groups was 15% for the Ra5-0037 group, 40.6% for the
Terramycin group, and 51.2% for the medicated group. These results clearly
showed the 5-day Ro5-0037 treatment was superior to the 10~day Terramycin
treatment. In addition, in vitro data indicate that Reo5-0037 will also

control epizootics caused by V. anguillarum and A. hydrophila. Clinical
trials on epizootics caused by these pathogens should be conducted.
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Fig. 3. Effectiveness of Ro5-0037 on furunculosis caused by sulfonamide
or Terramycin sensitive (left) or resistant (right) Aeromoras salmonicida.

POTENTIALLY USEFUL ANTIBACTERTALS FOR USE IN FISH HUSBANDRY

Clearance of chemicals and drugs for use in fish husbandry is a continuing
program. Candidate antimicrobials are screened im conventional disc sensi-
tivity tests (Bauer et al. 1964). Sixteen drugs were recently tested for
their effectiveness in inhibiting growth of 60 different cultures of gram-
negative fish pathogens, which included representative strains of A. salm-
onieida, A. hydrophila, P. fluoreseens, V. anguillarum, Y. ruckeri,

E. tarda, and flexibacters.

Overall results of the disc sensitivity tests showed myxin (6-methoxy-1-
phenazinol-5,10~dioxide) to be the best drug because all test cultures were
inhibited by this compound. Nalidixic acid and oxolinic acid were also
effective; however, these drugs only partially inhibited the Pseudomonas
cultures. Additional in vitro tests were carried out with myxin, specifi-
cally the copper complex. In addition to having antibacterial properties,
copper myxin is fungistatic and may be used in treating eggs or adult fish.
Because it is not absorbed from the intestinal tract, its use would be
limited to treatment of external infections. However, an effective treat-—
ment for external diseases such as columnaris, cold-water disease, bac-
terial gill disease, and fin erosion is badly needed. Additional tests
showed the minimum inhibitory concentration of copper myxin for 17 flexi-
bacterial cultures isolated from the above four diseases to be between
0.032 and 0.16 ppm. Because researchers at the La Crosse (Wisconsin)
National Fishery Research Laboratory found the drug to be nontoxic to five
species of fish at 10 ppm, there appears to be a wide margin of safety
between therapeutic and toxic levels. Observations at the National Fish
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Health Research Laboratory indicated that a level of 2 PPm copper myxin
controlled external flexibacterial lesions in rainbow trout.

As mentioned earlier, proper application of chemotherapy and chemoprophy-
laxis is often a part of effective management of cultured fishes. The
recently published text of Herwig (1979) lists hundreds of chemicals and
drugs that are, or have been, used in fisheries. Little is known about
efficacy or safety of many of the compounds, and for these and other
reasons evaluation for potential registration is required. Registration is
expensive; recent estimates are that $8.8 million will be needed to regis-—
ter 33 chemicals now used or being considered for use (Schnick and Meyer
1978). Considering the cost and the time required to register even one
product, it is not surprising that only two antibacterials may now be used
legally on food fish. However, it is only by carrying out the definitive
studies required to register compounds that intelligent selection of drugs
and chemicals for use in fisheries can be made.
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THE SECRETORY IMMUNE SYSTEM IN F{SH:
AN OVERVIEW OF RECENT ADVANCES .

Craig J. Lobb and L. William Clem
Department of Microbiology
University of Mississippi Medical Center
2500 North State Street
Jackson, Mississippi 39216

Fishes as a phylogenetic group, are able to undergo both humoral and cel-
lular immune reactions akin to those observed in higher animals (reviewed 1).
It therefore stands to reason that appropriate immunization should be an effec—
tive means of controlling certain infectious diseases of fish. This prediction
has been verified numerous times in laboratory settings, but the difficulties
in parenterally administering vaccines or other forms of antigens to large num-
bers of fish have precluded the large scale successful exploitation of the im-
mune system as a means of controlling most diseases in fish. It would seem how-
ever that approaches at external vaccination by using hyperosmotic baths (2) or
flush exposure (3) may solve this problem. 1In fact an altermative means, oral
immunization, offers even greater potential for mass immunization. With this
technique it would not be necessary to handle the fish and the antigen could be
administered in pond situations where restricted water flow or crowding is mot
feagible. In man, the oral immunization approach has been particularly useful
with the live oral polio vaccine. In fact the discovery of the so called local
or secretory immune system involving a class of immunoglobulin designated IgA
now provides a rational explanation for the success with this oral vaccine.

It is therefore particularly unfortunate that many efforts at oral immuni-
zation of various fish species with different vaccines has resulted in conflict~
ing and/or nonreproducible results in terms of protection (reviewed 4). While
the reason(s) for these discrepancies are not understood, there are several
factors to be considered. The first would involve the question of whether or
not locally synthesized secretory antibody exists in fish, Although serum
immunoglobulins have been reasonably well characterized in a variety of fishes,
the immunoglobulins in external secretions have not. Since many fish pathogens
are suspected of having their portal of entry through mucosal surfaces, any
antibodies present in secretions such as mucus and bile could be very import-
ant in protection against infection. In this context the studies on plaice by
Fletcher and White (5) seem particularly noteworthy. Immunoglobulins were dem-
onstrable in plaice secretions and, perhaps more importantly, it was found that
animals immunized with vibrio vaccine exhibited differential antibody responses
depending on the route of immunization. On one hand, orally immunized fish had
higher antibody titers in intestinal mucus extracts than in serum whereas the
converse was observed in parenterally immunized fish. These observations are
strongly suggestive of local synthesis of antibody reminiscent of the situation
seen with IgA in mammals. A second point of consideration in terms of oral

1. Supported by NSF grant PCM~79-04954 and NIH grant 7-ROI-AI-16927.
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immunization is the long standing, but until recently not understood, observa-
tion that the oral administration of certain antigens to higher animals (such

as mice) not only fails to induce significant immune responses but in some cases
induces tolerance or specific unresponsiveness to subsequent parenteral admini-
stration of normally immunogenic doses of antigen (6). Also certain parenteral
immunization regimens, especially those involving low temperatures, have been
shown to induce tolerance in figh (7). Therefore reports of negative findings
in orally immunized fish must consider the possibility of the tolerant state.

It was with the above background that our laboratory undertood experiment-
al approaches to determine whether or not fish have a secretory immune system
distinct from the humoral system. The strategy employed involved initially
purifying and characterizing the immunoglobulins in blood and the external
secretions, cutaneous mucus and bile. Subsequently, experiments were aimed at
determining if the immunoglobulins in external secretions were derived from
blood. The fish chosen for this study was the sheepshead Archosargus probato-
ceEhalus, a marine teleost of ample size to provide suitable amounts of material
for this study. The details of these experiments are published elsewhere (8,

9, 10, 11) but a summary of the pertinent findings is presented here to support
the contention that the sheepshead does in fact have a gecretory immune mechan-
ism(s) that likely involves localized synthesis of immunoglobulins.

Serum immunoglobulins were purified from sheepshead by a combination of
gel filtration and ion exchange chromatography and were found to exist in two
major forms which appeared remarkably similar to the tetrameric and monomeric
TgM-like moleculeg previously reported for the giant grouper, another marine
teleost (12). One form was a 165 high molecular weight species (700,000
daltons) which appeared to be a tetramer composed of 2H-~2L chain subunits.
The presence of a peptide resembling J chain was alsc seen in this population
of molecules. The second form of sheepshead serum immunoglobulin was a 68
molecule of lower molecular weight (V140,000 daltons). It appeared to have a
smaller H chain than that present in the 16S molecule (45,000 ws 70,000 dal-
tons). This "missing" 25,000 daltons on the H chain likely accounts for the
antigenic deficiency of this 65 molecule when compared to the 16S form. In
vivo and in vitro experiments using radioiodinated sheepshead 165 and 65
1mmun0globu11ns indicated there was no interconversion between these two ape~
cies. The sheepshead low molecular weight protein was not a degradatiom pro-
duct of the 16S molecule as suggested by others for the goldfish (13).

Immu ~oglobulins were also identified in two external gecretions, cutan-
eous mucus and bile, albeit in much lower concentrations than in serum. These
low concentrations precluded large scale purification but sufficient material
was obtained to allow certain generalizations. Bile contained only one demon-
strable immunoglobulin which appeared to be a dimeric (320,000 daltons) mole-
cule. Although the H chain of this protein appeared smaller than that of the
165 serum protein (55,000 vs 70,000 daltons), antigenic analysis indicated the
two molecules to be identical, Cutaneoug mucus contained both high and low
molecular weight immunoglobulins with the predominant species being a dimeric
form (400,000 daltons) with H chains indistinguishable from those of the serum
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165 molecule. This protein alsc contained an additional 95,000 dalton com-
ponent that is likely the teleost equivalent of secretory component, a protein
normally associated with immunoglobulins in secretions of higher animals (re-
viewed 10).

In order to directly approach the question of the origin(s) of the immuno-
globulins in external secretions, radioiodinated sheepshead 16S or 65 serum
immunoglobulins were injected intravenously into sheepshead. Determinations
of specific activities (cpm/mg immunoglobulin) in serum, bile and mucus at
various times indicated that little, if any, of the immunoglobulins in these
" secretions could have been derived from the predominant serum immunoglobulin.
Hence this finding suggests very strongly that the sheepshead, and probably
other fish, have at least one, and perhaps two, immunologic systems that are
quite similar to the secretory immune system of higher vertebrates.

In conclusion, the studies discussed here serve to illustrate several im-
portant points regarding the immunoglobulins of the sheepshead. On one hand
these findings substantiate previous reports of both high and low molecular
weight humoral immunoglobuling in other fish species, Secondly, these studies
have described in some detail the apparently different immunoglobulins present
in two external secretions. Finally, the findings discussed emphasize un-
realized (and perhaps unique) mechanisms for introducing immunoglobulins (and
by inference protective antibodies) into external secretions., Future studies
in this area must therefore consider ways of preferentially eliciting the pro-
duction and secretion of these potentially important molecules,
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INFLUENCE OF REGULATIONS ON THE
SPREAD OF FISH DISEASE

John A. Plumb
Auburn University

ABSTRACT

Government regulation is only one of several approaches used to con-
trol diseases. Historically, control regulations for disease prevention
have not been applied to aquatic animals as extensively as for other an-
imals. However, during the past 15 years, prevention of the spread of
fish diseases through regulations has become a significant management tool
for protection of fish resources. Certain criteria must be met before
regulatory control can be established for a specific disease: (1) Does
the disease pose a major threat to the resource? (2) Is there a more eco-
nomical method of control? (3) Are accurate and dependable detection
methods available? (4) Is the infectious agent sufficiently confined to a
specific geographical area? (5) Who will benefit? (6) Is it worth the
expense? (7) Who will absorb the expense? and (8) Who will administer the
program?

California was the first state to establish fish import regulations
based on the health condition of fish (1956). 1In 1970, 14 states had some
form of fish disease regulations and by 1979 the number had increased to
29 states. Lack of uniformity is the major problem with these state reg-
ulations. The regional concept of fish disease control (regulatory) ap-
pears workable. The Colorado River Drainage Fish Disease Control Policy
being the first of these implemented in 1973. The Great Lakes Fishery
Commission Fish Disease Control Committee adopted a reglonal policy in
1975. Although there is no national U.S. fish disease policy, the U.S.
Fish and Wildlife Service has a functional program for the natiomal fish
hatchery system. Additionally, there is an international regulation
(Title 50) that prevents the importation of trout into the U.S. unless
certified free of whirling disease (Myxosoma cerebralis) and viral hemor-
rhagic septicemia. Canada has a National Fish Disease Control Policy that
regulates interprovincial and international salmonid trade. The European
community has a similar international program.

There are 17 diseases of fish that are included in the various state,
regional or national policies. The most frequently listed disease agents
are infectlous pancreatic necrosis virus, infectious hematopoietic necro-
sis virus, viral hemorrhagic septicemia virus, Myxosoma cerebralis, Cera-
tomyxa shasta, Renibacterium salmoninanium, and Yershinia ruckeri. '

The effects of fish disease regulations on the spread of infectious
agents are very difficult to objectively assess. There is no system
whereby accurate reporting can be done as to how many, if any, diseases
are effectively limited by such regulations. However, it is the feeling
by most individuals involved in the regulatory process that regulations do
aid in preventing the dissemination of some diseases of fish.
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INTRODUCTION

Regulation is only one of several approaches to ‘the control of dis-
eases. Human and domestic animal diseases have been successfully con-
trolled and their dissemination prevented through regulations for many
years. Some diseases, including yellow fever and smallpox, have been vir-
tually eliminated as a result of regulation and mandatory vaccination.l
The U.S. Department of Agriculture administers an elaborate regulatory
system to control the spread of many diseases of domestic animals. The
best known domestic animal diseases that have been virtually eliminated
from North America are black tongue, foot-and-mouth disease, and hog chol~
era.l However, until recently the Department of Agriuclture has shown
little interest in aquaculture. Regulatory control measures have not been
applied to aquatic animal diseases as extensively as for other animals.
One reason is that there are no serious diseases of fish that have zoono-
tic implication in public health. Comsequently, they have escaped atten-
tion of the human and veterinary medical fields, Other reasons contrib-
uting to the lack of fish disease regulations are the disagreement on how
it should be done, and the commercial industry as a whole is not convinced
that disease regulations are economically beneficial, Nevertheless, as a
result of the efforts of several organizations and groups, control of fish
diseases through regulations is becoming a significant tool for aquatic
resources. : ' '

CRITERIA FOR REGULATORY DISEASE CONTROL

If catastrophic diseases of other animals can be controlled through
regulations why can those of fish, and other aquatic animals, not be sim-
ilarly controlled? Most likely they can be, but some fundamental ques-
tions must be considered before this can Be determined.

I. Does the disease pose a major threat to the resource? If unchecked,
will the disease be highly detrimental to fish stocks? '

2. 1Is there a more economical and efficacious method of control? Chemo-
theraphy and immunotherapy must be considered. : T

3. Are accurate and dependable detection methods readily available? Of ,
particular importance is detection of the non-diseased carrier state.

4. Is the infectious agent sufficiently confined so that a specific geo-

 graphical distribution can be delineated? If a disease is ubiquitous,
it we. 1d be difficult and impossible to regulate.

5. Who will benefit most as a result of the regulations--the industry or
the organization charged with administering the program? Clearly the
industry must benefit. ' ' ' g

6. 1Is control of the disease through regulation monetarily worth the ex-
pense of the program? Control efforts must have a positive benefit-
cost ratio.

7. Who will absorb the expense of the regulatory program?

8. Who will administer the program? Should it be the Department of Agri-
culture, which has the proper mechanism but not he expertise, or the
Department of Interior, which has the expertise but not the mechanism?
Or should this be a state responsibility?
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The above series of questions are not intended to be all inclusive,
but they are germane to establishing any regulatory disease program. An-~
swers to these questions are seldom clear cut, but it is imperative that
they are rationally addressed during the regulatory formulation period.

HISTORY OF FISH DISEASE REGULATTION

Disease prevention 1s the most practical and economical method of
controlling any type of disease, whether the method is voluntary or com-
pulsory. Many fishery managers recognize this fact and through their
management procedures help prevent diseases, Disease regulations are on~
ly a small part of fish disease prevention. In recent years, compulsory
prevention of fish disease through regulations has received greater at-
‘tention. California initiated such a program when the Department of Fish
and Game issued their regulation on "Importatiom of Live Fish" in 1956.2
Since that time, three reviews of the status of fish disease regulations
in the United States were made. Herman3 surveyed the state fishery agen-
cies and determined that 14 (28%) of the states had disease control reg-
ulation in 1978, 23 (46%Z) required transportation permits, and 15 (30%)
had some form of disease inspection requirements before fish could be
transported into their states. In later reviews of North American fish
disease control regulations,4:5 29 states (58%) had some degree of fish
disease regulation with a similar number requiring disease inspection. A
transportation permit was required by 39 (78%) states (Table 1). The in-
crease in participating states indicates a greater Interest in preventing
the spread of serious infectious disease of fish. There has been a steady
increase in the number of states participating in fish disease regulations
from 1956 to 19794 (Figure 1). Individual states are the logical regula-
tors of aquatic resources which allows each state to adapt the regulations
to fit its need. Unfortunately, it alsc allows variations in programs, a
distinct disadvantage for live haulers and bait fish wholesalers supply-
ing fish to different states.

During the period of 1972 to 1974, a strong move was made to estab-
lish a national regulatory policy concerning interstate shipments of dis-
eased fish. These efforts failed to achieve congressional approval for
several reasons. The major difficulty arose when the fish health commun-
ity itself could not agree on what diseases should be controlled, or how
the control of interstate movements of diseased fish should be implement-
ed. Moreover, there was a lack of coordination and cooperation between
those designing and supporting the regulations and the commercial fish
farming industry, one aquacultural segment for which regulations were in-.
tended to assist. The industry was not aware of the bemefits that would
come to them as a result of the regulation and interpreted passage of the
proposed law as a threat to their survival. In response to the proposed
federal legislation, Clark White, then President of the U.S. Trout Farmers
Agsociation, published anm article in the February, 1973, issue of the
American Fish Farmer and World Aquaculture News,0® stating that: "Private
and commercial fish farms will be threatened for their very existence if
the present legislation sponsored by a group of federal and state biolo-
glst and disease experts is allowed to become a law." No doubt the major-
ity of commercial farmers at that time had similar feelings; this attitude
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Table 1. Summary of state fish disease control regulations in the U.S.

Number of states (%)

1956 1970Y/ 19792/
Fish disease regulations 1 14 (28%) 29 (58%)
Fish disease inspection 1 15 (30%) 29 (58%)
Transportation permit3 1 23 (46%) 39 (78%)
EJHerman3
g/Busch4, Olsen5
éjIncludes permits designed to prevent importation of exotic species.
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must change if a meaningful national poliecy is to be achieved. In my
opinion, it is essential that future attempts to establish a national fish
disease control policy must involve a "meeting of the minds" of the fish
health and the aquaculture segments to arrive at common needs, benefits,
and objectives. Certainly such programs should not be detrimental to an
industry as a whole; however, it would inevitably affect some individuals
more than others. Some distinct advantages would accompany a national
fish disease control program, notably greater uniformity and less confus-
ion. States or regions with unique or specific fish disease problems
could supplement the natiomnal policy to suit thelr own needs,

Olsend pointed out that it may be somewhat easler and beneficial to
develop fish disease control policies on a regional basis; there are two
excellent examples of the regilonal approach currently in existence. The
first, and possibly the strongest of these, is the Coleorade River Fish
Disease Program of the Colorado River Wildlife Council which was imple~
mented in 1973. The Colorado River Program is a compulsory, cooperative
arrangement between all states that have drainage into the Colorado Riwver.
This is a binding agreement between the states (Colorado, Wyoming,'Nevada,
Arizona, New Mexico, California, Utah, and the U.S. F&WS) that makes it
unlawful to stock flSh from any federal, state or private fish hatchery
into the drainage unless the fish are certified free of certain diseases.
The second regional fish disease regulatory program is that of the Great
Lakes Fishery Commission Fish Disease Control Committee adopted in 1975.8
In contrast to the Colorado River policy, the Great Lakes program is vol-
untary between the states (Illinois, Indiana, Michigan, Minpesota, New
York, Ohio, Pennsylvania, and Wisconsin), the Province of Ontario, the
Canadian Govermment, the U.S. F&WS, and private industry. It was recom-
mended by the Great Lakes Fish Disease Control Committee that all partie-
ipating states develop legislative authority and regulations by 1980 to
facilitate control and possible eradication of fish diseases. In each
regional program, the diseases that are “certifiable" are specified and
the programs are designed to certify facilities rather than 1nd1vidua1
lots or shipments of fish free of these dlseases

The U.S. Fish and.Wlldllfe Service has a v1able Fish Health Poliey
that applies to the national fish hatchery system.g The policy mot only
categorizes hatcheries as to their health status, but also regulates the
stocking of trout into waters based on the previous disease history of
those waters and the fish to be stocked. The policy, based on strict pe-
riodic di‘ease inspections, has been in force for 7 years, but inspectiOns
have been conducted at federal hatcheries for over 15 years.

The Canadian Fish Disease Control Policy (Fish Health Pnptection Reg~-
ulations) came into being in 1977.10 This policy applies to interprovin-
cial and internatienl transport of salmonids and their products.

To prevent the spread of diseases from country to country, -interma-
tional regulations are necessary. The U.S. ¥Fish and Wildlife Service took
measures in 1968 to prevent the introduction of viral hemorrhagic septice-
mia (VHS) into the U.S. by implementing Title 50 which prohibits the im-
portation of trout or their products unless they are certified free of VHS
and Myxosoma cerebralis (whirling dlsease) M. cerebralis was already
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in the U.S., but the law prohibits its continual introduction.

The Furopean community has pursued an ambitious internmational plan
for the control of the spread of fish diseases.l? The Symposium on the
Major Communicable Fish Diseases in Europe and their Control recommended
that a Government Consultation or am International Convention for the Con-
trol of the Spread of Major Communicable Fish Diseases be convened. The
first of the Government Consultations was convened in Scotland in 1974 and
a second one was held in Paris in 1977 at the joint invitation of United
Nations Food and Agriculture Organization (FAO) and the Intermational Of-
fice of HEpizootics (0IE). The second consultation was attended by repre-
sentatives from 25 countries, the European Federation of Salmonid Breeders
and the Intermational Council for the Exploration of the Sea. This group
was '"Conscious of the economic and environmental damage caused by the
spread of major communicable fish disease and the need to take comcerted
action to control and eventually eradicate such diseases."l3 They were
also concerned that the increasing international traffic in fish and fish
eggs, without adequate precautionary measures, poses a serious danger to
fish stocks when certain pathogens are introduced Into countries previous-
1y free from such diseases. Therefore, the International Conmvention for
the Control of the Spread of Major Communicable Fish Diseases recognized
the need to adopt measures to facilitate international traffic in fish
eggs, while simultaneously insuring adequate precautions against the
spread of fish diseases.lZ2 Although not mandatory, it was recommended
that all contracting parties of the Eruopean Fconomic Community adopte
these programs through legislation.

DISEASES TO BE CONSIDERED

It is impossible to control the spread of all fish disease organisms;
furthermore, it is not necessary to control all of these organisms. What
disease to regulate has led to considerable disagreement among fish path-
ologists, farmers and legislators. Since the vast majority of the infec-
tious organisms that cause diseases of fish are ubiquitous, only certain
diseases must fall inte a very narrow category and must conform to the
basic questions outlined earlier concerning importance, seriousness, al-
ternative control methods, detection methods, and geographical confine-
ment.

There are 17 different diseases listed (Table 2) in wvarious state or
government regulations. Bear in mind that all regulations do not list all
of these diseases. The various state regulations combined list all of
thése diseases but the USFWS lists only 7 diseases. The Colorado River
Fish Disease Policy lists 9 while the Great Lakes Fishery Commission lists
7.  Canada lists 8 while the European program lists only 3. VHS is the
only disease that appears on every list. Range in the diseases listed il-
lustrate the diverse needs of the various organizations involved.

Most of the diseases listed in Table 2 are legitimate candidates for
control considerations; however, some of those listed should not be con-
sidered. It is doubtful if channel catfish virus (CCV) should be a 'cer-
tifiable" disease due to the impossibility of detecting the carrier state.
Motile aeromonas septicemia (Aeromonas spp.), pseudomonas septicemia
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(Pseudomonas . spp.), and myxobacteriosis should not be on any regulatory
disease list. These saprophytic or facultative organisms are found in most
waters and soil, and it is ludlcrous for any fac111ty or group of fish to
be "certified" free of them,

Most spec1f1ed disease affect salmonlds and only three affect warm
water species. - One reason this is true is that disease of salmonids are
more definable than those of warm—water fishes and are by and large geo-
graphically and environmentally more restrictive.. Also more research has
been done with salmonid diseases than warm-water disease, and the sal-
monid industry has been more willing to become involved in voluntary or
compulsary regulation. ' That the severe effects of trout diseases are more
readily apparent than of warm-water or pond—reared flSh also enchances
salmonid disease control. : SRR

EFFECTS OF REGULATIONS

' No one has attempted to document what effect regulations have had on
the spread of communicable fish diseases, Unfortunately, there appears to
be no systematlc way to evaluate the regulatory programs; however, most do
have some type of reporting system. Therefore, it is nearly impossible to
objectively evaluate the effectiveness of regulatory programs in terms of
actual curtailment of the spread of communicable fish diseases. In view of
this, T will discuss some specific instances involvmng the regulatory pro-
cesses. Myxosoma cerebralis (whirling disease) of salmonids serves as a
model for the intercontinental dissemination of a fish disease, where no
regulations applied, as it can be readily transmitted from one area {coun-—
try) to aniother in infected fish. Hoffmanl3 traced the history of the
spread of whirling disease from Europé to the U.S. and also within the U.S.
after its introduction. At that time (1970), the disease was in nine
states, most of which lacked fish disease import retulation.' However, in
1966 the disease was reported from California14 that did have import reg-
ulations requiring inspections. Since 1970 the spread of M. cerebralis
has stabilized somewhat!5 and this may be due in part to the increase in
regualtion ‘and"in part due to increased surveillance and avoidance.

‘There is no doubt by U.S. Fish and Wildlife Service biologlsts and
others that their Fish Health Policy is beneficial, -Jim Warren, Hatchery
Biologist in the Bureau of Sport Fisheries North Central Region, reports
that after a series of hatchery inspections in that Region, all Fish and
Wildlife Service trout hatcheries are free of dlseases specified in the
Fish Health Policy. Although inspections are an essential part of the Fish
Health Program, proper hatchery management, restricted movement of disedsed
fish, and the-use of certified specific disease free eggs are absolutely
necessary for such a program to be successful.

Canadian fish health officials consider their regulations to be ben-
eficial noting a decrease in international and interprovincial trade of
salmonid fingerlings which they attribute to the implementation of regula-
tions. This in turn reduces the opportunity for disease spread. More im-
portantly, there have been no reports of '"certifiable" disease outbreaks
that were belileved to originate ftom transport of salmonid eggs or juve-
niles since regulation implementation.  Canadian regulations have report-

95



edly been accepted by government.agencles and private industry. inspite of
the reduction of fish trade. - :

California has the oldest documented regulatory program in the U.S.
and it was discussed by Wolf.16 buring the early years of their inspection
programs, approximately 6% of the fish shipments were:rejected for various
disease reasons, but the most historical reports involved a non-infectious
etiology, "hepatoma'", in 1960. . When the industry became aware of the impact
of this program, the percentage of rejects was reduced and in recent years
no shipments were rejected. This probably reflects the producers recogniz-
ing California's determination, producers suspending fish shipments into
California, and producers difficulty in complying with California's regula-
tions.  Wolf firmly believes that California's system is effective in pre-
venting the establishment of certain diseases, but an objective evaluation
of the program is difficult.

New York, a member of the Great Lakes Fishery Commission (GLFC),
one of the most recent states to establish a Fish Disease Control Program
that is based on the prccedures outllned by ‘the GLFC ¥ish Disease Control
Committee. Although the New York program, which is confined to state con-
trolled facilities, was not adopted until 1979, disease control through in-
spections has been practiced for many years. The New York program includes
criteria for hatchery classiflcatlon, hatchery sanitation, epizootlc con~
trol, and d15p051tion of fish and eggs from hatchery stocks followlng dis-
ease epizootics. WNew York fish pathologlsts feel that definite benefits
have resulted from their inspection and classification efforts and pro-
vided the following example. In 1977, . prlor to the Fish Disease Control
Program, the spread of bacterial kidney disease (BKD) (Renibacterum sal~
moninarum) was disseminated to five different state hatcheries from a
single hatchery wheré the disease was endemic. All fish were eliminated
from the contaminated hatchery, the facilities were disinfected and re-
stocked with fish from clear sources. . There has been no reoccurrence of
BKD, and its spread was contalned This is only one of many 51milar exam—
ples of the success of inspection programs. Eradication is not always pos=
sible or practical; this would be dictated by the water supply dnd the po~'
tential for reinfection.

New York has not expanded its fish health program to private industry
due primarily to budgetary ccnstralnts, but lack of control on 1mportation
of fish to private farms poses some danger. Resultlng from the lack of
such con!—-ols, there was a serious outbread of IHN at a private hatchery in
1978 where 95% of five million fish died. This may have been averted. if =
lmportation regulatlons were functional B ;o

The question still remains as to how effectlvely regulatlons control
the spread of fish diseases. In discussing the effectiveness with a sam-
pling of those involved, the concensus is that the spread of fish diseases
is curtailed by regulations and many can cite specific examples when fish
were rejected or destroyed because of their disease status. However, with-
out a uniform monitoring system, which should be an essential part of any
regulatory program, proper evaluatlon cannot be attalned

We must recognize that regulation: governing the movement of dlseased
fish is not a fail safe approach. Diseases of fish will not be eliminated,

%6



but thelr continued dissemination will be curtailed. It must be emphasized
that cooperation of all organizations concerned is necessary for the bene-~
ficial effects of regulations to be maximized.
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PRINCIPLES OF CONTROL OF DISEASES OF FISH AND SHELLFISH

5. . SBnieszko
U.5. Fish and Wildlife Service
 National Fish Health Research Laboratory
Kearneysville, West Virginia 25430

ABSTRACT

Fish and shellfish are subject to diseases caused by physical and chemical
changes in the enviromment, by malnutrition, and by infective agents.
Diseases caused by infective agents are often triggered, or aggravated, by
environmental stress.

Diseases caused by infective agents may be treated with therapeutic sub-
stances by adding the substances to water for external action; by systemic
treatment via the intestinal tract; by parenteral administration; and by
adding substances to the water that are absorbed and have systemic efficacy.

External treatments are complicated by the specific toxiecity of chemicals,
age of treated animals, water chemistry and temperature. External systemic
treatments became popular and effective after the introduction of Furanace
by a Japanese pharmaceutical cowpany. This is compared with external fish
immunization. Intestinal treatments are used only for treatment of para-
sites of the Intestinal tract. Intestinal systemic treatments, the most
common of all, are used with sulfonamides, antibiotics, and other drugs.
Administration of drugs by injection has only limited application; however,
this technique may be used in conjunction with immunization.

Aquatic invertebrates are susceptible to the same types of disease agents
that attack fishes, and their treatment, in principle, is similar.

Agquaculture and use of drugs, like all human activities, have an impact on
the environment. Therefore aquaculturists have the responsibility of using
drugs and water wisely.

INTRODUCTION

Fish and shellfish are subject to diseases and kills caused by environ-
mental .conditions such as heat and ¢old, deficiency of oxXygen, gas super-
saturaticn, and pollution by waste materials and chemicals: by malnutrition;
and by communicable diseases. Environmental diseases can be prevented by
good management, and nutritional diseases by well-balanced natural q%
manufactured food; communicable diseases can be controlled by avoiding
exposure to infection or infestation, and by disinfection and immunization.
When infection or infestation does take place, treatment may be necessary.
Since envirommental stress facilitates outbreaks of communicable diseases
and hastens their progress, the prerequisite for successful treatment is to
remove, or at least reduce, the environmental stress.

Treatment or therapy may be preventive, when drugs are used to remove

pathogens and parasites before overt signs of disease are apparent, or
curative when disease is in progress. Use of drugs for treatment of
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infections before, or after, the signs of disease appear is chemotherapy.

According to Poupard (1978), chemotherapy is applied to fishes in three
ways:

1. External treatment.
2, Systemic treatment via the diet.
3. Parenteral treatment,

I add here a foﬂrth mode of treatment, external systemic therapy. This is
immersion of fishes in water containing a drug. The drug must penetrate
the surface of the body easily to produce a therapeutic concentration in
the tissues of the fish. This rather new method of treatment seems to be
very effective with some drugs, and also with antigens that produce immu-
nity. This'is a very interesting and challenging subject that I discuss in
greater detail later.

The literature lists many substances that are used for treatment of dis-
eases in fish and shellfish (Herman 1970, 1972; Hoffman and Meyer 1974;
Sindermann 1977; Snieszko 1954, 1978). A substance i1s considered effec-
tive if, during treatment, it harms the agent causing disease without
endangering the life or health of the treated animal. This ideal is
seldom, if ever, met because the effilcacy and safety of drugs are relative
quantities. Even such a common chemical as sodium chloride, which is
physiologically necessary component may be harmful or even acutely toxic if
used improperly. On the other hand its deficiency is deadly to marine fish
and shellfish. Therefore, 2ll drugs have a margin of safety, which
depends on the type of pathogen or parasite, species and age of the treated
" animal, and numerous-environmental factors. Some chemicals having a wide
margin of safety may have a delayed harmful effect——for example, the
ability to stimulate the appearance of malignancies.

Selection of drugs or chemicals that are relatively safe and effective is a
laborious and expensive process. Certain governmental agencies have the
power of licensing and controlling the use of drugs unless they are ''gen-
erally regarded as safe" (GRAS). 1In the United States, drugs for control
of diseases of fish and shell fish that are used as food are subject to
licensing by the Food and Drug Administration (FDA), the Environmental
Protection Agency (EPA), or by the Department of Agriculture. Most of the
available lists of drugs give information on the chemical nature of drugs,
.wir effectiveness, and dosage, without mentioning legal restrictions on
use., These regulations are changing and are not Internationally uniform,

The National Fishery Research Laboratory of the U.S. Fish and Wildlife
Service, located at La Crosse, Wisconsin, and under the direction of Dr.
Fred Meyexr, is responsible for furnishing information necessary for drug
licensing and registration. The most recent status reports were assembled
by Meyer et al. (1976) and Schnick et al. (1979). I have prepared a list,
to use with lectures, which was published in Tropical Fisgh Hobbyist (1975).
The most recently published information is in the "Handbook of Drugs and
Chemicals Used in the Treatment of Fish Diseases: by Herwig (1979). Along
with other very useful information, it contains a chapter with an alpha-
betical 1ist of drugs, their chemical nature, dosage, and efficacy.
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Earlier I stated that fish and shell fish may be treated by drugs added to
water, by oral administration (usually with food), and by injection. I
also mentioned that drugs added to water may be absorbed by fish; thus
external treatments may have both localized and general systemic effects.
The external treatments are the oldest and most frequently applied.

EXTERNAL TREATMENTS

In principle, external treatments are simple: the desired chemical is
merely added to water holding diseased fishes. 1In practice, however, they
are more complicated. Even the simplest apparently harmless substance,
like table salt, has a narrow margin of safety if used with freshwater
fishes in concentrations higher than 1%. The safety margin varies for
different species, and depends on the age of fish, temperature of water,
and availability of dissolved oxygen. The toxicity and efficacy of other
chemicals, such as copper sulfate, formalin, or benzalkonium chloride, vary
in waters of different hardness and pH. Thus the success of external
treatment depends on many factors that must be considered before treatment
is begun. If external treatments are applied to fish in large bodies of
water, like ponds, treatment may be very expensive because large quantities
of chemicals needed and considerable manual labor is often required to
ensure their even distribution.

When water is exchanged frequently, as in hatchery tanks, chemicals can be
introduced in proper concentration with the inflowing water, or the flow of
water may be stopped entirely. The flow can be stopped only for a short
time, however—-usually less than 1 h--unless water is aerated to prevent
suffocation. Chemicals can be used in relatively high concentration for
seconds or minutes if fish are dipped in the solution. This procedure
causes considerable stress to fishes and its physiological after effects
may last for a day or longer. Consequently most dip treatment of fishes is
of questionable value. There is, however, one exception-~treatment of fish
eges with disinfectants to reduce the chance of transmitting pathogens from
the adult fish to the offspring, or from one hatchery to another. This
procedure received a tremendous boost from the introduction of lodophors,
which are in wide use as external disinfectants (Bogash 1956). A solution
of 1 or 1.5% iodine in polyvinylpyrrolidone, a nontoxic substance that may
be used as an expander of blood volume (Shelanski and Shelanski 1956), they
were introduced to fish egg disinfection by McFadden (1969). Iodophors are
widely v-ed as a 10-minute dip in water containing 100 ppm iodine. This
solution is nontoxic to eggs but highly toxic to hatched fish.

A large number of disinfectants, chemicals, dyes, pesticides, etc.,;ﬁere
used for control of superficial infections or infestations, of fishes by
bacteria, fungi, and animal parasites (protozoan and metazoan). Some of
these treatments can be administered practically in large bodies of water
without handling the fish. Only a few of these are listed here as exam-
ples: salt, formalin, copper sulfate, malachite green, potassium perman-
ganate, Furanace, Masoten, and benzalkonium chloride. Concentrations vary
greatly, for example from 3% for sodium chloride to as little as 0.05 ppm
for Furanmace or Masoten.
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EXTERNAL SYSTEMIC

When any chemical is added to water containing fish the entire body of the
fish is exposed to it. Chemicals in water may be absorbed by the skin. In
fish, skin is in gome respects similar to the mucous membrane of terres—
trial vertebrates. Chemicals may also be absorbed by the gills, where only
one or two layers of cells separate blood from water, or they may be ab-
sorbed through the lateral line. This symetric semnsory organ consists of
small chambers in a lipear arrangement along each side of the fish's body.
The chambers open to the outside, and contain capillaries and nerve endings
to receive various stimuli transmitted through the water. It is assumed
that substances dissolved in water may enter the chambers in the lateral
line and be absorbed faster there than through the skin, The osmotic
equlllbrlum between the treated fish and water may be a deciding factor in
the penetration of drugs from water. Freshwater fish, living in a hype-
osmotic enviromment, absorb water but do not drink it; saltwater fish,
living in a hyperosmotic environment, lose water by osmosis and must drink
water to compensate for this loss (Lagler et al. 1977). Therefore, it is
more likely that marine fishes may absorb, through the 1ntest1na1 tract,
drugs dissolved in salt water.

Before studies were made on the absorption of drugs through the surface of
fish, it was assumed that drugs dissolved in water would be effective in
the control of organisms attached to the surface, and that drugs for
control of systemic infections had to be introduced into the blood stream
by way of intestinal absorption, or by parenteral injection. This approach
changed about 10 years ago when a Japanese pharmaceutical company intro-
duced Furandce (Dainippon Pharmaceutical Co. 1970). This nitrofuran drug
is rapidly absorbed from water through the surface of fishes and quickly
yields chemotherapeutically effective concentrations 1n the bloed and other
tissues.

When eels were immersed in water containing 1, 3, and 10 yug/mL of Furanace
for 30 minutes at 23°C the skin, muscles, and kidneys contained more of the
drug than did the liver or blood. Also, quantities absorbed were directly
proportlonal to the concentration of Furanace in water. When only heads,
bodies but not heads, or the entire eels were immersed in water containing
10 pg/ml of Furanace for 30 minutes at 26°C the highest concentrations were
obtained when the entire eel was immersed. Concentrations were somewhat
lower when only the head was immersed, and very low (eXCEpt in the skin)
when the body, but not the head, was immersed. This relation seems to
indicate that the lateral line had little, if any, influence on the quan-.
tity of Furanace absorbed by eels. *

In terrestrial vertebrates, the choice route of introducing nonliving
antigen for immunization is by injection. This is also a very effective
method in immunization of fish., However, it would be much more convenient,
less expensive, and less stressful to fish if antigen could be introduced
by another route and still produce sufficient immunity.

Oral vaccination of fish was first tried by Duff (1942). Research on this
method continues, but the protection obtained is not yet consistently
satisfactory. :
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Other interesting observations made on the penetration of various sub-
stances through the surface of fish were made in comnection with research
on immunization. To facilitate penetration of antigen through the surface
of fishes, including gills and lateral line, investigators subjected fish
to intermittently changing pressures, additions of hyperosmotic substances, °
and spraying. All these supplementary measures were found to be helpful.

For example, Fender and Amend (1978) reported that increasing the osmotic
pressure in water holding fish, by the addition of sodium chloride, facil-
itated the entry of bovine serum albumin to the lateral line in rainbow
trout. Croy and Amend (1977) demonstrated that hyperosmotic infiltration
and a simple immersion in suspension of Vibrio anguillarum resulted in the
appearance of circulating antibodies in sockeye salmon (Oncorhynchus nerka).
Anderson et al. (1980, 1979) reported that addition of antigen obtained
from Yersinia ruckeri to water holding rainbow trout also resulted in

immune response. This response was increased by increasing the concentra-
tion of the antigen or the ambient temperature.

These remarks on Furanace and immunization of fishes show that Furanace and
antigens are absorbed by the surface of fish. Therefore, whenever a chem-
ical, a drug, or antigen is added to water with fish, it may be assumed
that the action of such a substance may not be limited only to the surface
of fish, but may alsoc become systemic. There are indications that flesh of
the fish immersed in water with malachite green contains sufficient quanti-
ties of this substance to give it a transient greenish tinge (F. P. Meyer,
personal communication). Quantitative data are not vet available. We do
not know how many of the substances used for control of external infections
also have a systemic action; however, we do know that Furanace and at least
some of the antigens have both surface and systemic effects. This finding
throws a new light on externmal treatment and opens the field to further
interesting investigations.

INTESTINAL - LOCAL

Another well-established route for administration of drugs to fish is by
way of the intestine. Drugs introduced into the intestine may be active
only in the lumen, or they may be absorbed and reach blood and other '
tissues.

The earliest treatments of this type were for intestinal protozoans and
helminths Calomel, a mercurial, and carbarsone, an arsenical, were used
successfuily for the control of the intestinal flagellate Hexamita saZmonzs,
and Kamala was used for tapeworms. These chemicals are no longer in use;
they have been replaced by Enheptin and Metromidazole for Hexamita and
di-n-butyl tin oxide for helminths. No attempts are being made to have
these drugs registered for treatment of food fishes because control of

these parasites is also possible by management or elimination of the inter-—
mediate host.

INTESTINAL - SYSTEMIC
Chemotherapy of fishes by oral administration of drugs for treatment of

systemic diseases was introduced immediately after World War II, when
sulfonamides and antibiotics became available for veterinary use. Gutsell
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(1946) published the first results on selected drugs such as sulfamerazine,
sulfathiazole, and Furacin. Of these, sulfamerazine gave the best results
for treatment of fish furunculosis and was registered with the FDA in 1967.
It is interesting to note that Gutsell used Furacin mixed with food and

also dissolved in water. Furacin reduced mortalities when introduced by
either route, although the reduction was less than that effected by sulfa~
merazine. Nevertheless it was the first test of a nitrofuran drug dissolved
in water--some 25 years before the Japanese pharmaceutical company intro-
duced Furanace (Dainippon 1970).

For several years nitrofurazone (Furacine, Furoxone) was used for control

of furunculosis in trout hatcheries (Post 1962). However, because of its
possible tumorigenic activity and the general use of oxytetracycline (Terra-
mycin), it is no longer used in the United States. However, in countries
where cultured fishes are important sources of protein for human food,
nitrofuran drugs such as Furanace and nifurprazine (Carofur, Aivet) are
widely used (Deufel 1970; Shiraki et al. 1970; Tanaka and Shiraki 1970).

Sulfadiazine was established as an effective drug for control of bacterial
diseases of Pacific salmonids but is still not registered with the FDA.

Sulfisoxazole (Gantrisin) should be mentioned among other sulfonamides that
were tested. The value of sulfisoxazole is particularly evident in the
treatment of furunculosis and ulcer disease in brown trout (Salmo trutta);
growth of the fish is stopped during therapy with sulfamerazine but is not
affected by sulfisoxazole (Snieszko and Wood 1955).

Recently, a considerable amount of research has been carried out on the use
of sulfonamides potentiated with ormetoprim for control of bacterial fish
diseases. These very effective antibacterial drugs will be discussed in
detail during the present symposium by Dr. G. L. Bullock.

Most of the research on antibiotics has been devoted to oxytetracycline,
chlortetracycline, chloramphenicol, and erythromycin. Of these, only
oxytetracycline is registered with FDA. Chloramphenicol is very effective
but is not likely to be registered in the United States. Chlortetracycline
was found to be bacteriostatic in vitro against some bacterial fish path-
ogens, but in vivo it had no effect on furunculosis, probably because it
was stored in the liver of trout and therefore did nmot occur in the blood
{Wolf and Snieszko 1963). Erythromyecin is, thus far, the most effective
antibiotic for the control of corynebacterial kidney disease (Wolf and
Dunbar 1959).

Chemotherapy.of diseases of fishes was reviewed by Snieszko (1954, 1978) -
and Herman (1970, 1972), who included detailed bibliographies.

INJECTION - PARENTERAL

Treatment of fish diseases by injection of drugs is used infrequently
because handling is harmful to fish and should be avoided whenever possi-
ble. It is also time consuming and uneconomical. It is justified only
when other ways of drug administration are not possible, or when the fish
are very valuable--e.g. brood stock or rare ornamental species (Klontz

1978).
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In countries where water is near 0°C during the winter, carp eat little if
any food. In the spring many brood carp are debilitated because of star—
vation and production of gonads. Such fish are very susceptible to spring
viremia of carp and bacterial infections caused by Aeromonas hydrophila.
Schaperclaus (1956) investigated in Germany various means of protecting
carp from disease and death during this most vulnerable period. Since carp
usually do not feed when water is too cold, the only reliable method of '
treatment was by intraperitoneal injection of drugs. Among the many drugs
tested by Schaperclaus, chloramphenicol gave the best results when injected
intraperitoneally at a rate of 20 to 50 mg per kilogram of body weight.

When this injection was followed closely by an increase in water temper—
ature, fish produced sufficient immunity during the protection period.
However, if water temperature remained low, protection conferred by chlor-
amphenicol was too short for production of immunity. To remedy this
shortcoming, Schaperclaus (1970, 1979) injected the fish with a mixture of .
chloramphenicol and a polyvalent antigen from 4, hydrophila. This pro-
cedure successfully combined long-range protection by immunity with short-
range protection by the drug. Similar use of heat-killed suspension of
Vibrio anguillarum and nitrofurazone for control of vibriosis in salt water
culture of salmonids was mentioned by Fryer et al. (1977). Perhaps someone
should try the immersion method for simultaneous application of a nitro-
furan and an antigen for short and. long~range protection of fish from
bacterial diseases.

Chemoprophylaxis and chemotherapy, though valuable tools in control of
parasitic and bacterial diseases of fishes, are still not used in control
of diseases caused by viruses. There are some  indications, however, that
disinfection of fish eggs with iodophors may have some effect on vertical
transmission of viral diseases. : '

When fish are cultured in crowded conditions, or if biological filtration
is not functioning properly, nitrites may accumulate in water and result in
methemoglobinemia. This can be prevented by proper management. In acute
cases, however, a rapidly acting (but temporary) remedy for methemoglo- ‘
binemia may be achieved by intraperitoneal injection of methylene blue at a
rate of 10 mg per kilograms of body weight of fish (Bortz 1976).

Anemia and lipoid degeneration of the liver, with resulting respiratory
insufficiency, may result from toxic diet (Snieszko 1972). This respira-
tory ins. ficiency may also be temporarily remedied by adding methylene
blue to the diet. Methylene blue is effective for controlling some ex-
ternal parasites on ornamental fishes, and also may serve as an oxXygeén
donor for alleviation of oxygen deficiency. Unfortunately methylene blue
is toxic to nitrifying bacteria and should not be used where biological
filters can be affected (Collins et al. 1975). Other drugs have similar
effects (Collins et al. 1976).

DISEASES OF CULTURED INVERTEBRATES

Various invertebrates are of great significance in aquaculture. Most of
these are marine crustaceans such as shrimps, crabs, and lobsters; and
molluscs such as oysters and clams. All these animals are subject to
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infectious diseases caused by viruses, bacteria, fungi, and protczecan and
metazoan parasites (Sindermann 1970, 1974, 1977).

Shrimps and Jlobsters may be cultured throughout their life-span, or only
during their larval stage. Since the disease agents of these invertebrates
belong to the same groups as the pathogens of fishes, similar methods of
control are applied. No chemicals or drugs are available for control of
viral diseases. Bacterial diseases are controlled with the same drugs that
are used in fishes.. For example, mortalities of shrimps caused by vibrios
are reduced by mixing Terramycin with fooed. Also, the addition of Fura-
nace, sulfonamides, and erythromycin to tank water reduces mortalities.
Gill filaments infected with Leucotrix, or blue-green algae, respond to
treatment: with salts of copper or potassium permanganate. Fungal infec-
tions may be controlled in larvae of shrimps with malachite green added to
water at the rate of 1 to 6 parts per billion. TFor treatment of Fusarium
in adult shrimps, concentration of malachite green may be increased to 0.05
to 0.1 parts per million.

Trapped lobsters are kept in marine enclosures. Thelr claws are immobi-
lized with wooden pegs, or rubber bands, to prevent canmnibalism. Crowding
and handling injury often result in infection with Aerococcus viridans
(Gaffkya homari) which may cause heavy mortalities, Sulfonamides and
several antibiotics given with food are effective in reducing these losses;
so is sanitation. :

Bacterial shell disease of larval labosters has been éucéessfully treated
by dipping- the larvae in: 20 ppm malachite green for 8 minutes every second
day. : .

Among the molluscs, oysters in their larval stages are cultured on a large
scale and fed cultured algae. They are therefore subject to infectioms

with viruses, bacteria, and fungi. Due to the nature of oyster culture,
administration of therapeutic drugs is not practical. ¥For detailed infor-
mation on control of diseases, readers are referred to textbooks (Sindermann
1974, 1977)

GENERAL REMARKS

At this conference, sponsored by the Food and Drug Administration, we are
discussing the culture of fish and shellfish and control of their diseases.
Both culture and disease control affect the environment. We now realize
that human activities have a very significant influence on the balance of
nature. Therefore we are also concerned about the effect of aquaculture——
particularly the effect of chemicals used in aquaculture and disease
control. To assess the significance of this influence, one should examine
it in comparison with the effects of nonhuman activities on the balance of
nature,

According to the present state of our knowledge, we believe the original

atmosphere on earth was free from oxygen and was what we call "anaerobic."
As a result of the photosynthetic activity of plants, oxygen was gradually
added to the atmosphére and now composes 20% of it. This of course elimi-
nated the living things that existed in the atmosphere without oxygen. To
anaerobic life on earth, the introduction of oxygen was a deadly pollution.
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Oceans originally contained much lower concentrations of dissolved mineral
salts. However, most of the present marine animals cannot survive in fresh-
water.

We know, from paleohtology, that long before humans appeared there were
countless species of plants and animals that disappeared and were replaced
by succeedlng spec1es. We had no hand in destroying them.’ '

We are greatly modlfylng the aquatic environment by building dams and
creating large artificial impoundments. We know what has happened during -
the past 50 years to the Columbia River and the accompanying profound -
modification of fish populations. We are desperately trying to save .
Pacific salmonids, for which conditions are becoming increasingly adverse.
However, before humans appeared, beavers built dams everywhere and changed
the aquatic environmental conditions to suit their needs. Termites and
ants build big cities and even grow crops. We are doing this on a much
larger scale, because with intelligence, characteristie for our species, we
have learned to use other sources of energy to enormously 1mplement our
muSCular strength s

We are worried, and justly so, about the disappearance of many species of
plants and animals because of our activities. This is unavoidable because
we are the most active species on earth. Our species has a tremendous:
appetite and therefore changes everything around it. This is the way of
nature, and nature never stands still.

Figh- and shellfish culture with all of its aspects is one of many human
activities which affects the balance of nature. It is certainly our respon-
sibility to be concerned with its effect on the enviromment and on the
welfare of humans and of other animals and plants with which we are sharing
what we believe to be the garden spot, the living paradise, of our solar’
system.

This presentation has concerned the control of diseases of fishes and
shellfish and the effect of this activity on the rest of nature. This
matter is highly complicated, and we are all frustrated by the slow prog-
ress that results from the multiple and controversial aspects of this
activity,
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FATE AND TRANSPORT OF VIRUSES IN MARINE WATERS!

Sagar M. Goyal, Raymond L. LaBelle, and Charles P. Gerba?
Department of Virology and Epidemiology
Baylor College of Medicine
Houston, Texas 77030

An understanding of the ecology of animal viruses in the marine environment is
essential for controlling the spread of these viruses to man and commercially
important marine organisms. We have conducted several field studies on the fate and
transport of human enteric viruses in marine water along the Texas coast to
determine the role of various environmental. factors (particularly sediment) in
controlling the occurrence and survival of viruses in marine water and shellfish and to
determine whether indicator bacteria accurately reflect the presence of- viruses in
water, sediment and shellfish, . : : : . :

In general, we recovered viruses in greater numbers from sediment than from
overlying seawater on a volume basis (Table 1). Several types of human pathogenic
enteroviruses were isolated: coxsackieviruses Bl, B5 and Al6, echovirus 1, and
poliovirus 2. The highest concentrations of viruses in water often occurred after
periods of heavy rainfall, suggesting that sediment resuspension may play an
important role in controlling the amount of virus in the overlying water.

Attempts were made to relate the occurrence of viruses to the biological and
physicochemical characteristics of the local environment. Environmental variables
studied were pH, salinity, turbidity, rainfall, total and fecal coliforms, viruses,
Clostridium sp., and C. perfringens in water. The same data were also collected for
sediments, with the exception of pH, salinity, and turbidity. Statistical analysis of
these data yielded only one significant relationship: the number of viruses in
sediment was found to be related to the number of fecal coliforms in sediment. No
other physical, chemical or biolegical characteristic of seawater or sediment showed
statistically significant association with virus numbers. Core studies analyzing the
distribution of fecal coliforms suggested that viruses would probably occur in the
upper 10 mm layer of sediment.

To study the effect of sediment on virus survival, seawater alone or a mixture
of seawater and sediment was introduced in sterile dialysis tubing or in plexiglass
chambers with polycarbonate membrane walls. Virus survival was also studied in
sterile, sealed chambers at the field sites. For this purpose, sealed polypropylene
centrifuge tubes (Corning Glass Works, Corning, NY) containing sterile-filtered
artificia. seawater with and without autoclaved sediment were suspended in estuarine
water. The results of a typical experiment (Figure 1) show that poliovirus exposed to
seawater alone was inactivated in both dialysis tubing and polycarbonate membrane
chambers much faster than in the presence of sediment material, In this experiment,
the addition of sediment under sterile conditions did not enhance virus survival, but
survival in sterile artificial seawater was greater than when virus was suspended in
natural (unsterile) seawater. In several other experiments, sediment prolonged virus
survival under sterile conditions also. This indicates that there are other factors in

'The work summarized in this report was supported by Sea Grant funds
administered by Texas A&M University.

“Present address: Department of Microbiology, University of Arizona, Tucson,
Arizona 85721.
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TABLE 1. Isolation of Enteroviruses from
Galveston Bay Water and Sediment

SITE DATE PFU/ PFU/
20 LITERS* 20 LITERS
SEDIMENT+

H-86 11/15/77 6 200
11/22/77 - 15 0

04/12/78 374 0

04/12/78 528 140

02/27/78 0 350

02/27/78 0 280

H-%6a 11/15/77 6 200
- 11/22/77 5 50

12/01/77 30 480

T-50 11/15/77 0 T 170
H-86b 11/22/77 1 0
H-81 11/22/77 8 0
K-27 12/09/77 2 0
12/21/77 1 0

H-86¢ 02/27/78 0 50
Qyster bed no. I 03/03/78 7 0

*Number of viruses isolated per 20 liters of seawater.
tNumber of viruses isolated per 20 liters of sediment material.

addition to temperature and salinity that are involved in virus inactivation in
seawater. Thus, sediment protected poliovirus 1 from the inactivating effects of
microor ganisms, temperature, and filterable materials such as salts and microbial
enzymes. An anaerobic environment did not seem to affect virus survival.

To determine whether bacterial indicators in marine water and shellfish and
environmental variables could be correlated with the occurrence of viruses, the .
results of field studies conducted by us in Galveston Bay were evaluated on a

statistical basis. The variables were analyzed by multivariate regressmn Although " -

mul tivariate analysis indicated that the number of viruses detected in water was
related to rainfall, sahmty, and total coliforms in the water, the amount of variation
in the number of viruses accounted for by these factors was not Iarge enough to make
them good predictors. Enteroviruses were détected 43% of the time in recreational
water considered acceptable as judged by coliform standards and 44% of the time
when judged by fecal coliform standards. Enteroviruses were detected 35% of the
time in water that met acceptable standards for shellfish harvesting. Our failure to
correlate the occurrence of enteroviruses in marine water with indicator bacteria,
and the frequent occurrence of enteroviruses in water that met current bacterio-
logical standards, indicate that these standards do not reflect the occurrence of
enteroviruses, and perhaps other human pathogenic viruses, in marine water,

Laboratory studies with blue crabs have indicated that they also accumulate
pathogenic human viruses when exposed to contaminated water. Preliminary results
indicate that enteroviruses can survive at least 7 days in living crabs after the crabs
are exposed to contaminated water.
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FIGURE 1. Poliovirus 1 {Strain LSc) Survival in Marine Water#

-5 ] |1 | 1.1 ]
0 I 2 3 4.5 .6 1
DAYS

*Virus suspended in seawater in dialysis tubes (0); virus suspended in
seawater and sediment in dialysis tubes (@); virus suspended in seawater in a
plexiglass chamber with polycarbonate membrane (0.015 um pore size) wall
(&) sealed polypropylene centrifuge tube containing sterile artificial sea-
water (0); sealed polypropylene centrifuge tube containing sterile artificial
seawater and sterile sediment (&), ‘Log N./N. = log of (the virus concentra- .

tion at the time of sampling/virus concentration at 0 hr).
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From our studies and those of others, some generalizations on the fate and
transport of viruses in the marine enwronment can be made (Figure 2).. Viruses
entering marine waters through sewage outfalls or in contaminated river water
readily associate with suspended matter, which acts to greatly prolong their survival.
Such solid-associated viruses can accumulate in sediment material and not be
detected in the overlying water., Rainfall, dredging, and tides can resuspend viruses
in the sediment, allowing their uptake by {ilter-feeding shellfish and crustacea, where
their survival can be further prolonged.

FIGURE 2. Fate and Transport of Enteric Viruses
in the Marine Environment
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PRELIMINARY STUDY ON EFFECTS OF UNREFINED VIBRIO
TOXINS ON SURVIVAL OF AND HEMOLYMPH COAGULATION IN
WHITE SHRIMP, Penaeus setiferusl/ :

J. K. Leong and D, S. Hanrahan
U.5. Department of Commerce
Natxonal Oceanic and Atmospheric Administration
National Marine Fisheries Service
Southeast Fisheries Center
Galveston Laboratory
4700 Avenue U
Galveston, Texas 77550

ABSTRACT

Intramuscular injection of a 0.05-ml aliquot of crude endotoxin
(CREND) or exotoxin (CREXT) extracts of Vibrio parahemolvticus or V.
alginolyticus induced significant mortalities in juvenile white shrlmp
(Penaeus setiferus). In normal white shrimp, the hemolymph becomes
viscous within 30 seconds and coagulated within one minute after with-
drawal from the body. In CREND-treated shrlmp, viscosity and ¢coaqula-
tion may be delaved up to almost one hour and four hours,
reSpectively, or may not occur at all. 'This anticoagulation phenome-
non is contrary to the intravascular coagulation effect of endotoxin
in mammals. It also differs from the in vitro enhancement of gelation
of Limulus blood by endotoxin.

INTRODUCTION

Previous experiments indicated that a toxic factor or factors were
involved in the death of penaeid shrimp infected with Vibrio bacteria
(Leong and Fontaine, 1979). It will be of practical interest to
determine the mode of toxigenesis in the shrimp. As a first step to
probe into this question, preliminarv experiments were conducted to
test on juvenile white shrimp, Penaeus setiferus, crude toxic frac-
tions prepared from Vibrio parahemolvticus and V. alginolyticus.

The procedure for obtaining crude toxic fractions was similar to
that -+hich was used to prepare crude bacterial endotoxin and exotoxin
extracts. For immediate purposes, we did not further refine the .
extracts. Refinement work was projected to be done in a second phase

l7Contribution Number B80-56G, Southeast Fisheries Center, National
Marine Fisheries Service, NOAA, Galveston, Texas.
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of the research, which will he carried out at another time when cir-
cumstances permit. For convenience sake, we shall refer to the crude
extracts as crude endotoxin, (CREND) and crude exotoxin (CREXT) in
this paper. :

MATERIALS AND METHODS

Juvenile white shrimp, 62-138 mm long, were maintained indivi-
dually in glass aquaria converted from gallon-sized Mason jars (Leona
and Fontaine, 1979). The animals were injected intramuscularly,
according to a procedure adopted by Lightner and Lewis (1975), between
the 4th and Sth abdominal segments with a 0.05-ml aliquot of a crude
preparation of either CREND or CREXT ohtained from V. parahemolvyticus
(strain GFC-76-36) isolated from postlarval white shrlmp (Penaeus
setiferus) in Galveston Laboratory, National Marine Fisheries Service,
and identified by Dr. D. H. Lewis, Texas AgM University, College
Station, Texas, ang V. aliginolyticus (strain MS-670; NMFS culture
code GFC~-76-5)- obtained from Dr. D. H. Lewis, Texas A&M University.
These bacteria had been grown for 24 hr in brain-heart infusion medium
(BHI) .

CREXT was prepared by centrifugation (1,500 g, 10 min) of the bac~
teria from a BHI culture and passing the supernatant through a dispo-
sable Nalgene filter (0.2 micron) (Nalgene Co., New Yorkz) seated in
an ice-~bath. The filtrate if not immediately used was frozen at -20°C
and quickly thawed just hefore use.

To prepare CREND, the above bacterial pellet was resuspended in a
sterile saline solution (2.5% NaCl) to the original volume and centri-
fuged. The washed cells were again resuspended in a similar saline
solution to the original culture volume. The suspension was then
steam~atuoclaved (121°C, 15 psi, 15 min) to lyse the bacterlal cells,
to be followed by freezing and storaqe at -20°C.

Groups .of 5 shrimp injected with different dilutions of either
CREND or CREXT (Tables 1 and 2) were periodically monitored for mor-
tality, while only shrimp injected with CREND were monitored for
changes in hemolymph. Control groups consisted of shrimp receiving or
not receiving injections of BHI or saline. To monitor hemolymph
changes, a sterile hypodermic needle (gauge 27) fitted to a 1 c.c.
tuberculine syringe was inserted dorsally into the pericardial sinus.
The withdrawn hemolymph was expelled from the syringe (needle removed)
into the:cavity of a depression slide and left at room temperature
(23°C) .- Periodic records were made of the viscosity and color of the
hemolvmph. :

» : *
2Mention of trade names or commercial products does not constitute
endorsement for use.
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RESULTS AND DISCUSSION

Both CREND and CREXT from the two Vibrio species were highly. toxic
to P. setiferus via intramuscular injection (Figs. 1, 2}. The undi-
luted toxin preparations vielded very steep mortality curve within 24
hr, indicating acute intoxication reaction in animals. These results
confirmed the toxic effect of the crude extracts on the shrimp.

Vibrio bacteria are common in shrimp rearing tanks and can
miltiply rapidly in seawater containing a high level of organic
nutrients. These bacteria release toxins during their life processes.
How the presence of free bacterial toxins in the tank water affect the
survival of the shrimp is unknown. There is evidence that shrimp food
contaminated with Vibrio bacteria could cause death in penaeid shrimp,
presumably due to the effect of bacterial toxins rather than direct
invasion by the bhacteria (Leong and Fontaine, 1979). In laboratory
tests, a species of Pseudomonas (GFC-80-9), which was lsolated from
seawater used in culturing larvae of penaeid shrimp, Penaeus s sty-
lirostris, was observed to be lethal to naupliar and protozoeal stages
of shrimp larvae (J. K. Leong, unpublished data).  Since there was no
apparent tissue invasion by the bacteria, it was postulated that the
lethal effect of GFC-80-9 was mediated through bacterium-associated
toxins. This toxin-mediated-mortality concept was later shown to be
valid by laboratorv experimental findings (C.L. Huang, personal
gommunication). In controlled experiments, Huang placed endotoxin,
chemically extracted from Pgeudomonas GFC-80-9, in seawater containing
either naupliar or protozeal larvae of P. stylirostris or newly-.
hatched larvae of brine shrimp, Artemia salina, and found that the
intoxicated culture water was lethal to the shrimp larvae. These
observations and the fatal effects of CREND and CREXT in shrimp as
demonstrated in the present study have implied the vulnerabilitv of
penaeid shrimp to bacterial toxins in culture water. o

In normal white shrimp, the hemolvmph became viscous within 30
seconds and coagulated within one minute after withdrawal from the
body (Tables 1-3). In CREND-treated shrimp, viscositv and coagulation
could be delayed up to 1 hr and 4 hr, respectively, or might not occur
at all. This anticoagulation phenomenon is in contrast with the
intravascular coagqulation effect of endotoxin, which constitutes the
Schwartzman reaction, in man and rabbits (Braude et al., 1973; Jawetz
et al , 1972; Smith et al., 1964). :

In experiments using live Vibrio bacteria instead of bacterial
toxic extract as inoculum, Lightner and Lewis {1975} observed that
hemolymph drawn from bacterium-infected moribund shrimp could not clot
as rapidly as hemolvmph taken from uninoculated shrimp, and that
Giemsa-stained hemolyvmph smears from moribund shrimp contained hemocy—
tes in greatly reduced numbers compared to normal shrimp. These
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Mortality of Penaeus setiferus injected with crude endo-
toxin and exotoxin extracts of Vibrio parahemolvticus.
Undil., undiluted; BHI, brain-heart infusion broth: Inoc.,
inoculum.

119



100~
- ENDOTOXIN (UNDIL. IN sm.m:)
/\ EXOTOXIN (UNDIL. IN BHI)
8o~
> el s A —a ENDOTOXIN (107! IN SALINE)
3 !
= I
g 3
o /
Z L
'—
5 f
3 /
G ]
'8 -/‘
s
BB ol e —-@ EXOTOXIN (10~' IN BHI)
T O e OO Qe Q= e e = e ——— o BHI
A o ~CONTROL (NO INOC.)
i [ T “T~SALINE (2% NaCIl}
20 30 40 50

POST-INJECTION TIME (HR)
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observations coupled with the findings in our study have suggested
that morbidity or death of shrimp in Vibrio infection might be due to
non-coagulation of shrimp hemolymph, which could have been ¢aused by
bacterium-associated toxins such as endotoxin and exotoxin. The
reduction in shrimp hemocvtes as observed by Lightner and Lewis (1975)
could have been caused by either invasion of bacteria or direct
effects of bacterial toxins. Unfortunately, attempts to assess gquan-
titatively the possible influence of CREND on destruction of shrimp
hemocytes in our study were unsuccessful, primarily due to a great
variation of hemocyte counts in different shrimp.

A different kind of response of crustacean blood to bacterial
endotoxin had been described by Levin and Bang (1968) in Limulus, the
horseshoe crab. Like shrimp blood, the whole blood of Limulus, after
withdrawal, would quickly form a cellular clot. This clot contained
aggregated amebocytes which later would degenerate and produce a
liquid phase designated as pre-gel. The disruption of amebocytes
would enhance the production of pre-gel. When pre-gel was exposed to
bacterial endotoxin, coagulation occurred, and the rate of coagulation
was directly related to the rate of concentration of endotoxin. Cell-
free Limulus plasma was incoagulable. Disodium ethylenediamine '
teraacetate (EDTA) blocked the gelation effect of endotoxin. 'The sen-
sitivity of the Limulus reaction has been well recognized and employed
by health scientists for the detection of endotoxemia in Gram-negatlve
sepsis (Levin et al., 1972; Wildfeuer et al., 1974).

Why CREND induced non-coagulation of shrimp blood instead of
coagulation such as what endotoxin did to Limunlus blood has not been
understood. It could have been a matter of procedural differences in
experimentation such as in vivo test in shrimp versus in vitro for
Limulus hlood. Nevertheless, the anticoagulation’ characteristic of
Vibrio endotoxin in penaeid shrimp could be highly significant. It
may facilitate studies on the mechanism of pathogenesis on vibriosis
and the mechanism of hemolvmph coaqulatlon in shrimp. The underlving
cause for hemolymph coagulation in shrimp is not well understood. It
is difficult to study and analyze shrimp blood because it gels rapidly
after leaving the body.
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ABSTRACT

Laboratory experiments were performed to measure the uptake of human
enteroviruses by blue crabs and thermoinactivation of viruses in c¢rabs
during cooking. The data provided information for assessing the health
hazard due to viruses in blue crabs grown in contaminated water, The
following results were obtained: (i) crabs accumulated virus within 2 h
after being placed in contaminated artificial seawater; however, the
concentration of virus in the crabs was generally less than in the sur-
rounding water; (ii) the highest concentrations of virus were found in
the digestive tract and hemolymph, with much lower concentrations in the
meat; (iii) when contaminated crabs were placed in clean water, virus
persisted for at least 6 days‘at 15°C; and (iv) when contaminated crabs
were boiled, 99,9% of the virus was inactivated within 8 min.

INTRODUCTION

Human viruses accumulate in oysters, clams and mussels living in
contaminated waters, This has been demonstrated by laboratory experiments
and by isolation of viruses from shellfish collected from natural habi-
tats. These studies have been reviewed by Gerba and Goyal (5). Since
these types of shellfish are often eaten raw or partially cooked, even a
very low level of viral contamination can create an important public
health hazard. Therefore, viruses must be considered in any aquaculture
system that might be contaminated with treated or untreated domestic
wastewater, )

DiGirolamo and coworkers reported survival of bacteriophage in
oysters (2) and in West Coast shore crabs (4) after cocoking. Since some
virus remained after cooking, it was suggested that seafoods which are
normally cooked before eating could still present a health hazard if
harvested from contaminated waters. The present study was undertaken to
determine the rate of accumulation of ‘enteroviruses in crabs and the
persistence of those viruses when contaminated crabs are placed in clean
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water. Additionally, the effect of normal cooking procedures on viruses
within blue crab muscle tissue was determined.

MATERTALS AND METHODS

Virus and virus assays., Plaque-purified stocks of poliovirus 1
(strain LSc), simian rotavirus SAll, and a natural isolate of echovirus
(v239) were used. SAll served as a model for human rotavirus, which can
cause severe diarrhea in children. Echovirus 1 (V239) was tested because
previous studies indicated it was relatively resistant to thermoinactiva-
tion., The enterovirus stocks were grown and assayed in BGM cells, a con-
tinuous monkey kidney cell line. Enterovirus assays were done by the
plaque-forming unit (PFU) wethod as used in this laboratory (6). SAll was
grown and assayed in MA-104 cells, using a plaque assay technique devel~-
oped in our laboratory (8).

Processing of samples. Samples of muscle and digestive tract were
weighed and then homogenized in a 1:7 (wt/vol) amount of 0,05 M glycine
containing 0.15 g NaCl per liter at pH 9.5. This homogenate was centri-
fuged at 1,500 x g for 30 min. The supernatant fluid was withdrawn,
treated with antibiotics, and assayed for virus. Hemolymph and seawater
were assayed directly. :

Accumulation and persistence experiments. Virus was added to the
aquarium containing artificial seawater and crabs. Water was constantly
circulated, but not filtered, during the course of the accumulation
experiment. After appropriate time intervals, individual crabs were
removed, dipped in a dilute sodium hypochlorite solution to disinfect the
carapace, rinsed in distilled water, and placed in plastic sample bags.
Hemolymph was collected from one swimming leg into an equal volume of
sodium citrate solution (10 g/l) to prevent clotting. The crabs were
stored frozen at -20°C for 2 h. Muscle tissue was obtained from the claws
and from the swimming muscles of each crab using care to avoeid contamina-
tion from the digestive system.

In experiments to measure the persistence of viruses in the crabs,
the crabs were contaminated by letting them accumulate viruses from arti-
ficial seawater. Water was recirculated and filtered through activated
charcoal during these experiments,

RESULTS

The accumulation of poliovirus in the hemolymph, digestive system,;
and meat of blue crabs was measured in artificial seawater at a tempera-
ture of 15°C and a salinity of 10 g/kg. The results are shown in Figure
1. The initial concentration of virus in the water was 3 x 103 PFU/ml.
A loss of 99% occurred in the seawater over the 70 h of this experiment.

Virus was found in the hemolymph and digestive tract within 2 min
after the addition of virus to the water, and was detected in the meat
after 2 h. Virus levels in the crabs rose rapidly in the first 8 h and
then leveled off and decreased at a rate similar to that in the surround-
ing water. The concentration of virus in the crabs was consistently less
than in the surrounding water.
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ACCUMULATION OF POLIOVIRUS IN BLUE CRABS
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Figure 1. Accumulation of poliovirus in blue crabs. Crabs were
held in contaminated artificial seawater at a temperature of 15°C and a
salinity of 10 g/kg. Arrow indicates below detection limit,
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The highest concentrations of virus were generally found in the
hemolymph and digestive tract of the crab. However, after 24 h of accumu~
lation, the concentration in the meat approached, and in some cases, ex-
ceeded, the concentrations in the hemolymph and digestive tract. After 72
h there were no substantial differences betweéen the concentratioms in the
meat, hemolymph, and digestive tract. Also, the ratio of the concentration
in the surrounding water to the concentration in the meat decreased from
320 after 2 h to 29 after 72 h of accumulatiom.

Figure 2 shows the persistence of poliovirus in blue crabs when con-
taminated crabs were placed in clean water at 15°C and at a salinity of 10
g/kg. Virus was still detectable up to 6 days in the hemolymph and diges-~
tive tract and up to 3 days in the meat, The loss of titer was 96% in the
digestive tract, 98% in the hemolymph, and 98% in the meat in 6 days.
This was slightly less than the loss of titer from seawater at 15°C (99%
in 3 days; Figure 1).

Comparison of the ratios of the virus in hemolymph and digestive
tract to the virus in the meat showed that there was little difference in
the persistence of virus in these three portions of the crab. The ratios
were variable, but again there was consistently less virus in the meat
than in the hemolymph or digestive tract.

Finally, experiments were performed to determine the persistence of
viruses in crabs when they are boiled. The swimming muscle of each crab
was injected with 0.1 ml of virus suspension. A thermocouple was inserted
into the opposite swimming muscle. Each crab was plunged into 3 1 of boil-
ing water and the container was covered loosely. At the appropriate time,
the crab was removed and immediately placed on ice. The entire inoculated
muscle was removed and assayed for virus as described above.

The three viruses tested all showed at least a 3.3 logjp decrease, or
99,9% inactivation, after 8 min of boiling (Figure 3). Some virus was
still detected after 16 min in two cases, but this represented a 4 logjg
decrease for echovirus 1 and a 4.3 logip decrease for the simian rotavirus
SAll. The average internal temperature of the crabs was 70°C after 8 min
boiling and 94°C after 16 min. No significant difference was detected
between different viruses.

DISCUSSION

These data can be used to assess the health hazard due to viruses in
crabs grown in contaminated waters.

First, blue crabs did not concentrate virus from the water as do
filter~feeding bivalve mollusks. This is probably because of the differ-
ent feeding mechanisms of crustaceans and mollusks. The amount of virus
in crabs came to an equilibrium with the virus in the water at a level
below that of the water. Therefore, unlike oysters and clams, crabs would
not be expected to concentrate virus from water contaminated with very low
levels of virus. They may, however, acquire virus by eating contaminated
oysters or other organisms (3). It is also possible that viruses could be
concentrated in the gills through which large volumes of water are
filtered.
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PERSISTENCE OF POLIOVIRUS IN BLUE CRABS
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Figure 2. Persistence of poliovirus in blue crabs. Crabs were
contaminated by exposure to artificial seawater containing 1.8 x 10
PFU of poliovirus per ml for 4 h. Contaminated ecrabs were then
placed in clean artificial secawater at a temperature of 15°C and a
salinity of 10 g/kg. Artows indicate below detection limit.
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THER_MOINACTIVATION OF VIRUSES IN BLUE CRABS

o 1100
- .~ 1o0
""'0.5 B . // - :
- //
I '// 180
_1.0 - /'/
J {70
/ .
-1.51 s O ECHO 1606
© ® SA-N W
Z o«
S -2.0F A POLIO | 50 5
£ , =
o /'
& -25r / 40 &
., %
/ 30 2
-3.0F 7« [
"' 20
-3.5f /
3.5 | 10
I
-4.0 0
L] b § 1 | | | 1 {

0 2 4 6 8 10 12 14 16
TIME, min.

Figure 3. Thermoinactivation of viruses in blue crabs during boil-
ing. One swimming muscle of each crab was inoculated with virus to give
an initial concentration of about 1 x 10° PFU/g. The dashed line repre-
sents the average internal temperatures of the crabs. Arrow indicates
below detection level. Log Nt/N0 = log of the (virus concentration at
the time of sampling/virus concentration at 0 hr),
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The highest concentrations of virus were found in the digestive tract
and hemolymph. The location of the virus within the animal could be impor--
tant for crabs since generally only the muscle tissue is eaten. Oysters
also accumulate most of the virus in the digestive system (7), but since
they are eaten whole the location is not as significant.

Virus was lost from crabs placed in clean water at a rate similar to
the rates of inactivation reported for seawater at the same temperature
(7), and a significant amount’ was retained for at least 6 days. The crabs
did not appear to depurate the virus in the manner that oysters do, al-
though oysters also appear to retain low numbers of virus for several days
(1). Once virus was taken up by the crabs, it was not readily eliminated,
This indicates that procedures for depurating shellfish taken from contam-—
inated water would not be as useful for crabs.

Finally, the most important consideration of health hazards associated
with viruses in crabs is the effect of normal cooking procedures on the
viruses, Viruses in crab muscle are rapidly inactivated when the crabs are
boiled (Figure 3). Beiling for 8 min inactivated more than 99.9% of the
viruses tested. Commercially, crabs are cooked by steam under pressure or
by boiling. Boiling for at least 12 min is used to maximize the yield of
crab meat, If boiling times much less than this are used, a substantial
proportion of the virus may survive. Also, if the water used for cooking
is not fully boiling, the internal temperature of the crab will rise more
slowly and more virus will survive, The most probable danger from viruses
in blue crabs would come to individuals who cook live crabs for an insuf-
ficient time (e.g., until they turn red) or cook them in water that is not
boiling. Since oysters are often eaten raw or not fully cooked, they have
been implicated in the transmission of viral disease (5).

DiGirolamo and coworkers reported survival of up to 13% of the initial
virus after frying contaminated oysters for 8 min (2). The calculated
values for percent survival do not agree with the reduction in PFU which
they reported. The percent survival based on the reported values of
1.2 x 10% PFU/g initially and 1.7 x 101 PFU/g after frying for 8 min is
0.14%. The calculated percentages of survival for stewing, baking, and
steaming also differ from the reported reduction in PFU by one or two
orders of magnitude. 1In another study, DiGiroclamo et al. (4) found that!
bacteriophage T-4 in West Coast crabs survived boiling for up to 20 min.
They reported 2.5% survival, but again this was miscalculated based on the
reported PFU/g before and after cooking, which indicates a total survival
of 1%Z. <+he present study shows that most of the virus in crab muscle can
be inactivated by proper processing (i.e., boiling for 12 min or longer).
However, it is possible that a small number of virions could survive this
treatment if the crab were heavily contaminated.

The differences between crabs and oysters mentioned above suggest
that crabs would present a lesser health hazard than oysters from a micro-
biological viewpoint. Similar evaluations which take into account accumu-
lation, persistence, feeding habits, and the effect of normal processing
can be made with other seafood organisms, The relative risks of growing
these organisms in and harvesting them from potentially contaminated
waters may then be estimated. '
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POTENTTAL MICROBIOLOGICAL PROBLEMS ASSOCTATED WITH THE USE OF HUMAN AND
ANIMAL WASTES AS A FOOD SUPPLEMENT IN AQUACULTURE

: Edward P Larkin
Vlrology Branch, Division of Microbiology

Food and Drug Administration
Cincinnati, Ohio 45226

ABSTRACT. .

Sewage and anlmal wastes have been shown to enhance the growth of phy-
toplankton and other marine biota that are food sources for fish and shell-
fish. BSuch wastes can contain viruses, bacterla, veasts and molds and other
fungi, mycoplasma, chylamydiae, rickettsiae and parasites. Most methods of
sewage treatment reduce the concentration of contaminating organisms, but
only a limited number of tertiary treatment processes are suitable for the
elimination of microbial pathogens. Such.processes are costly and require
expensive monitoring systems and controls. . : s : :

In addition to biological contaminants, numerous chemlcals may also be
found in the wastes that are detrimental to both marine and human life.
Lead, cadmium, mercury, polychlorlnated biphenyls and chlorinated organics
are commonly found in sewage sludges, and medicinals, herbicides and insect-
icides are frequently detected in animal wastes. The limited treatent
methodology applied to animal wastes does little to reduce the microbial
and chemical contaminants, whereas many sewage treatment processes concen-
trate these contaminants in the sludge.

The use of sludges and animal wastes as a food supplement in aquaculw
ture adds an additional microbial and chemical burden to a system that may
already contain disease and pest organisms. The use of complete treatment
and monitoring processes de51gned to ellmlnate blolaglcal and chemlcal con-
tamination in the wastes is essentlal in order to safeguard the aquaculture
system and the health of the consumer. :

INTRODUCTION

Environmentalists have encouraged the recycling of wastes in an attempt
to preserve natural resources and to reduce envirommental contamination.
Some recycling programs have been very effective, and in the future we will
probably be required to recycle most wastes in order to preserve limited re—
sources and to reduce energy requirements. For centuries man has dlsposed
of many of his wastes in rivers and streams that quickly carried the dilu-
ted materials downstream. The increased population and the growth of large
cities compounded waste disposal problems with the result that most of our
streams and other bodies of water, as well as the air that we hreathe, have
been seriously polluted. One of the responses of the U.S. Congress to the
pollution problem has been to regulate the disposal of sewage wastes Iinto
water-systems. These regulations required that municipalities retain a
higher percentage of the solids in sewage wastes and, if possible, return
these materials to the land.l Because of limited availability of land
areas, many municipalities have searched for other sites in which to dis-
pose of these solid wastes. One such disposal area of promise is the util-
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ization of the sludge in aquaculture systems in anticipation that the food
components present in sludge could be used directly by a number of aquatic
animals as well as indirectly by providing essential elements for the growth
of algae and detritis-feeding life that are food sources of fish and shell-
fish.. Aquaculture in the United States is still in a preliminary state of
development. However, sludges are being used experimentally as a supple-
mental food source for fish and shellfish aquaculture.< % Potential health
problems exist when such wastes are used to produce foods that are directly
consumed by humans. '

Two agricultural by-products are being investigated as a potential food
source for animals. Cattle feedlot and poultry wastes are produced in large
quantities in localized geographie areas and have potential for use as an
inexpensive animal food as well as for fertilizer om agricultural fields.
The volume of such wastes from commercial establishments runs into thousands
of tons per year. The limited geographical location of such establishments
requires the expenditure of high costs when wastes are transported for use
as fertilizers, It has been projected that such costs could be reduced con-
siderably if animal wastes were disposed of in nearby aquaculture systems.

Sewage and agricultural wastes contain unknown quantities of microbial
and chemical components that could be detrimental to the aquaculture systems
as well as present a health hazard to the consumer. It is important that
the use of human and animal wastes be carefully evaluated and, if a decision
is made to use such wastes, that decontamination procedures be followed to
ensure that the fish or shellfish grown in the aquaculture system will be
acceptable to the consumer and regulating officials.

Biological Contaminants in Human and Animal Wastes

Human and animal wastes can contain at any time a wide variety of or-
ganisms including bacteria, viruses, parasites, fungi, rickettsia, chylamy-
diae and other forms of microscopic and macroscopic 1life. The organisms of
importance in public health are those that are pathogenic for the human.

In addition, the aquaculturist is interested in organisms that produce an
adverse effect on the animals in culture that are detrimental to vegetative
and animal life utilized as a food source by the fish or shellfish,

Bacteria

It is estimated that the daily fecal waste of a healthy human contains
between 3 and 9 g of bacteria. If an average of 6 g is used in calcula-
tions, a city having a population of 100,000 will discharge 580,000 g (about
1276 1bs.) of bacteria per day in sewage. The bacterial titer per gram of
feces has been estimated to be about 1 x 1012, An indigation of the variety
of bacteria present in human feces is shown in Table 1.° The numbers and
types of bacteria present in feces will vary with the individual, his diet
and his state of well-being. Fecal organisms of probable greater import-
ance to human health are the salmonellae, shigellae and myccbacteria.

These organisms vary in their disease-producing potential and in their
ability to survive the sewage treatment process. Salmonellae have been
detected in sludges and are probably the bacterial pathogens most commonly
found as a contaminant in sewage wastes. Other organisms of varying patho-
genicity are the enteropathogenic forms of Escherichia coli and the members
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TABLE 1, Bacterial flora in human feces

Occurrence Density range

Species or group A per gram
Aerobic bacteria
Cocci (gram positive) S : :
Staphylococcus - 0-93 _ < 1—105
Streptococcus 0-100 < ]1-10
Enterococcus _ . 74-76 . 10 —106
Bacilli (gram positive) _

Corynebacterium _ _ _ 6-21 o -
Mycobacterium : 43 o 5«60
Bacilli (gram negative) : : T 7 .9
Coliforms _ _ 87-100 _ 10°-10
Pseudomonas 3-15 . C 103-10°

Aeromonas 0.2-0.7 _ -
Alcaligenes 0-2 " 6
Proteus : 5-53 10
Enterobacter ' : .0-98 _ < l~109
Anaerobic bacteria
Bacilli {(gram positive) 3.9
Bifidobacterium - 106»107
Clostridium 1-35 107—10lo
Lactobacillus 66 107—1011
Actinomyces 50-90 10°-10
Bacilli (gram negative) _ _ 7 10
Bacterioides 100 10" -10
Spirillum
Borella and Treponema 18-~28 -

of the Pseudomonas and Proteus groups. The majority of the pathogenic bac-
teria are sensitive to chemical disinfection and to storage conditions
usually employed in sewage treatment processes. However, chemical disin-
fection is usually not practiced in sludge treatment. Therefore, the po-
tential is high that a number of these bacteria may be present in sewage
wastes that might be utilized as a supplemental food source in aquaculture.

Viruses

A variety of wviruses can be found in human and animal wastes. A list
of the animal viruses and some of their characteristics are shown in Table
2, The families are listed according to their demsity, their nucleic acid
content and their content of lipids or envelopes. The last five families
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TABLE 2.

Some characteristics of animal viruses

DENSITY

NUCLEIC ACID

CHARACTERISTICS

SURFACE

FAMILY (Cesium chloride) (Type-stranded) (Lipid) (Envelope)
) a b
l. Arenaviridae 1.18 RNA, 88 + +
2. Bunyaviridae 1.20-1.23 RNA, SS - +
3. Coronaviridae 1.19-1.23 RNA, SS - +
4., Herpetoviridae 1.27-1.29 DNA, DS + +
5. Orthomyxoviridae 1.17-1.20 RNA, SS - +
6. Paramyxoviridae 1.21-1.24 RNA, S8 + +
7. Poxviridae q DNA, DS + -
8. Retroviridae 1.16~1.18 RNA, SS + +
9. Rhabdoviridae 1.20 RNA, SS - +
10. Togaviridae 1.25 RNA, 5S + +
11. Adencoviridae 1.33-1.35 DNA, DS - -
12. Papovaviridae 1.34 DNA, DS - -
13. Parvoviridae 1.38-1.46 DNA, SS - -
14, Picornaviridae 1.32-1.41 RNA, S5 - -
15. Reoviridae 1.31-1.38 RNA, DS - -

4 g/em3; P + present; © - absent; 9@ in sucrose gradient

Abbreviations: RNA - Ribonucleic acid; DNA - deoxyribonucleic acid;
55 - single stranded; DS ~ double stranded

contain no lipids or envelopes and are more dense than the other 10 families
listed. A review of the literature showed that families 11-15 were the most
resistant to physical and chemical agents and are more probably found in
sewage wastes.’~? 1In Table 3 a more detailed breakdown of the human viruses
in these five families is shown. More information is available pertaining
to the picornaviruses than other viruses because of the development of cell
culture systems that are sensitive for the detection of many of these vi-
ruses. The polio, coxsackie and echo viruses are consistently found in
human wastes. The polioviruses are found more frequently becauvse of the
continuous immunization programs in most areas of the United States. 5Sur-
veys of viruses in sewage have shown that one type of enterovirus would be
consistently found in the wastes for 2-3 weeks., The type of virus detected
would then change and the second virus would be detected for several weeks,
This variation was due to a change in the predominant infection present in
the community. Monitoring sewage in this manner confirms the activity of
viruses in infectious disease cycles in a community.

Preliminary data on municipal sewage indicate that rotaviruses may be
discharged into the sewage more consistently than the enteroviruses. The
human retaviruses will not replicate in cell culture; however, viral anti-
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TABLE 3. Human viruses with high resistance potential to
inactivation during the sewage treatment process

1. Adenoviruses 4, Picornaviruses
Human adenoviruses types 1-33 Polioviruses 1~3
Coxsackievirus A 1-24
2. Papovaviruses Coxsackievirus B 1-6
Human BK and JC viruses Echovirus 1-34
Enterovirus 68-71
3. Parvoviruses Probably Hepatitis A

Human gastrointestinal viruses
5. Reoviruses
Reovirus 1-3
Rotaviruses

gen produced in the culture system may be detected by Immuncfluorescent mi-
croscopy. Methods are available for detecting hepatitis A virus, However,
the concentration of virus antigen present in sewage wastes is not great
enough for consistent detection. Once this virus has been propagated in
cell culture, it should be possible to determine whether infectious hepati-
tis A is a consistent contaminant in sewage wastes. Laboratory data are
available, indicating that the adenoviruses, picornaviruses and reoviruses
may be detected frequently in human wastes.

Animal wastes produced in large volumes that could be used as a food
supplement in aquaculture systems are catile feedlot and poultry wastes, An
example of some viruses that could be present in cattle feces is shown in
Table 4. Some of these animal viruses are infectious both for cattle and

a
TABLE 4, Viruses producing infections in cattle

Enteroviruses (4+7) ' * BVD mucosal disease
Encephalomyocarditis virus + Vesicular stomatitis virus +
Arboviruses + Rabies wvirus -+

Par *influenza 3 =~ Malignant catarrhal fever virus
Influenza virus + 3 adenovirus serotypes
Reovirus 1, 2 and 3 + ' Bovine syncytial virus

Rotaviruses + o Bovine leukemia wvirus
Bovine diarrhea virus - ' . ' :

a , ,
+ Infectious for bumans; +? Infectious for humans probable

humans. It is interesting that the percentage of cattle reported to be in-
fected with rabies was higher than that for dogs in 1979. In some areas of
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the world, antibodies to bovine diarrhea virus have been found consistently
in the human population.

Similar viruses have also been found to infect poultry, as shown in
Table 5. Virus diseases of poultry probably are not responsible for exten-

' . . . . . . -
TABLE 5. Viruses producing infections in avian species

Influenza virus (Type A) + Leukosis complex

Newcastle disease virus + Infectious bronchitis virus
Enteroviruses Marek's disease virus

Reovirus (5 species) Herpes turkey virus
Rotaviruses. +%? . At least 10 adenovirus serotypes
Arboviruses + Avian encephalomyelitis viral
Rous sarcoma +, Avian : arthritis agent.

+ Infectious for humans; +? Infectious for humans probable

sive infectious disease in humans. However, arbovirus infections in poultry
probably result in the infection of insects which in turn may infect humans.
The possible effect of avian viruses on aquatic life is unknown.

Parasites

Until recently little consideration had been given to the potential for
parasite contamination in human and animal wastes. During the last 20 years,
there has been an expanded foreign travel by U.S. citizens and the number of
immigrants entering into the United States from Asian countries has in-
creased. As a result the incidence of parasitic infection in residents of
the U.S5. has risen considerably. Limited sludge studies have shown that a
variety of parasites or their infectious eggs or cysts may be found in slud-
ges from sewage treatment plants. These data are shown in Table 6. In one
study of sludges from 17 Army camps, 36% of the samples were found to be
positive for at least one type of parasite. In other studies, the inci-
dence of contamination ranged from 0 to 372 parasitic eggs or cysts per
100/g sludge.

Studies of parasitic persistence in various types of sludges showed
that viable parasitic forms may survive for years. These data are compara-
ble to studies of parasitic survival in soil where Ascaris eggs were detegi4
ted in a viable state six years after wastes were disposed of on the soil.
Because of the reported persistence of parasites in sludge and soil, the
Food and Drug Administration has recommended that food crops that are con-
sumed raw should not be grown in soils fertilized by sewage wastes until at
least three years after the last sewage application. Such potentially re-
sistant organisms could be a health problem if sludges contaminated with
these organisms are used as supplemental food sources in aquaculture.
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TABLE 6, Parasite recovery from sewage sludge

. REFER~
SOURCE TYPE OF PARASITE NUMBER ENCE
Municipal *Ascaris sp. 11-120/100 g 10
angerobically *Toxocara sp. 101-340/100 g
digested *Toxascaris leonina 0-16/100 ¢
sludge *Trichuris sp. 0-23/100 ¢
GTaenia and Hymenlepis sp. 0-33/100 g
YEimeria and Isospora sp. 0-372/100 g
Army Camp OHymenolepis, . *Ascaris, 364 11
sludges *Trichuris, ¥YEntamoeba positive
(17) histolytica, *hookworm
Municipal, pri- Ascaris and YEntamoeb 5-27/L 12
mary treatment cold : (in settled
sewage)
Municipal wastes Helminths 700/L 13
(raw sludge)
200/L

Helminths - *Nematode (egg) or (larva); © Cestode (egg). V¥ Protozoa (cyst)

Other Biolggical Contaminants

Mycoplasma, chylamydiae, rickettsiae, fungi, and other forms of micro-
scopic and macroscopic life are present in sludges, feedlot wastes and
poultry litter. The extent of such contamination and the potential for
human disease from such life forms is unknown. Such organisms may produce
disease or may have an inhibiting effect on animals in the aquaculture sys-—
tems. :

Waste Treatment Processes

The usual treatment of animal wastes is some method of composting.

" Such systems are aerobic and anaerobic digestion in waste piles of varying
size for varying time periods. During the process, much of the moisture is
leached from the wastes and many of the complex organic compounds are meta-
bolized by the microorganisms decomposing the waste materials. The time
allotted for such processes varies with the type and size of farm operation.
In some cases where large accumulations occur, removal from the treatment
site might result in insufficient time for microbial decomposition to be
completed, and wastes in various stages of decomposition would be trans-—
perted to the aquaculture system.

- The extent of sewage waste treatment varies with the complexity of
the treatment process. Some smaller installations have only limited treat-—
ment facilities, whereas larger municipalities have extensive complex sys-
tems such as activated sludge processes, chemical coagulation and a number
of treatment processes including aerobic and anaerobic digestion, chemical
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treatment and drying. Sludges that are used as aquacultural food supple-
ments should be processed so as to eliminate pathogenic forms of life,
Most systems in common use do not completely decontaminate sludges,

All sludges and animal wastes intended for use in aquaculture systems
should undergo treatment processes recommended by the Environmental Protec-—
tion Agency and the Food and Drug Administration that completely inactivate
pathogens in such wastes. Such treatment processes usually occur as a final
stage in the tertiary treatment methodology of sewage wastes., When such
procedures are utilized, the process must be monitored and be approved by
regulatory_off1c1als. '

Chemlcal Contaminants

A number of chemical contamlnants could be present in sludges and ani-
mal wastes. Many sludges have been shown to contain heavy metals including
cadmlum and lead. 17-19° 1 addition, the presence of organic contaminants
is of concern chiefly because of the lack of information pertaining to the
effect of these chemicals on humans. Such compounds could also have a car-
cinogenic, teratogenic or mutagenic effect on the animals in the aquacul-
ture system. Many wastes have been shown to contain insecticides, herbi-
cides and other persistent compounds such as PCBs and chlorinated hydro-
carbons . 20-22 Many of these chemicals, their by-products, metabolites and
oxidation products, and their effect on various forms of life are chiefly
unknown. The potential for biological and public health problems requires
that sericus consideration be giyen before such recycled materials are
added to the aquaculture system,

Pathogen Uptake-

_ When wastes are added to an aquaculture unit, microorganisms present
in sludges and animal wastes will be dispersed throughout the system.
Studies have shown that the microorganisms are ingested by most forms of
aquatic animals.®” TFor example, viruses and bacteria are accumulated by
shellfish during the feeding process, and after a short residence time in
the animal, most of the organisms are expelled in the feces or pseudofeces,
The wastes are consumed by detritis-feeding forms and the microorganisms
enter their intestinal digestive tract, Many of these life forms are con-
sumed by larger animal life in the aquaculture system, and the recycling
process continues,

The intestinal contents of fish have been shown to be contaminated

with varying types of microorganisms including bacterial pathogens and vi-
ruses. An interesting study was made on fish in the New York Bight and
control fish a short distance from the polluted area. Determinations made
from the blood of fish showed that increased antibody production against  a
variety of microbial contaminants in the surrounding water occurred in the
fish in the polluted areas as compared to fish in the nonpolluted areas.
These data complement an earlier study reporting the detection of antibo-
dies to a number of human bacterial pathogens in the serum of white perch,
These fish were harvested from rivers that flow into the Chesapeake Bay.
Whether fish with high antibody titers had actually been infected by the
microbial organisms is not known.

A number of studies have been made on the microbial content of shell-
fish harvested from approved and nonapproved waters, and pathogens have

141



been recovered., The bacteria associated with human diseases and shellfish
consumption have chiefly been species of salmonellae and Vibrio parahae-
molyticus. Recentiy shellfish have been incriminated in a cholera
outbreak in the United States,

A number of investigations have been made in an attempt to associate
shellfish consumption with viral diseases, Epidemiologically, hepatltls A
has been shown to be transmitted by shellfish that were consumed raw.

A number of other viruses have been recovered from shellfish as seen in
Table 7. Some of these isolations were made from market shellfish. The
majority of such shellfish were harvested in countries other than the
United States. In addition, viruses have been detected in oysters recover-
ed from waters that were approved by the National Shellfish Sanitation Pro-
gram. A number of studies have also been made on shellfish recovered from
poliuted waters and numerous viruses have been detected. It is probable
that any viruses present in shellfish waters may be bicaccumulated, and for
varying periods of time the shellfish will be contaminated. =33 The vi-
ruses detected in shellfish have chiefly been those of the enterov1rus
group.

When shellfish feed, they filter large amounts of water, and contami-
nating particulates and organisms may be incorporated during the feeding
process. However, when limited or ne contamination is Ppresent in the water,
the microbial pathogens will be flushed out during the feeding process and
the shellfish will tend to cleanse itself. This system may be duplicated
artificially by depuration of shellfish in large tanks of purified water.
Investigators have studied the uptake and depuration of viruses and bacter-—
ia and have determined that when low-level contamination occurred in the
shellfish, the potential for decontamination by depuration was feasible.
However, heavy contamination required much longer gerlods of time tham that
usually associated with the depuration process. The time involved for
depuration of different types of shellfish was from 24 hours to more than
three weeks. Usually, depuration plants operate on 48-hour cycles.

CONCLUSIONS -

1. Sewage and animal wastes often contain microbial pathogens that’
are detrimental to the aquaculture system and to the consumers of the mar-
ket product. : :

2, Chemicals are present in the wastes that may be concentrated by
the fish or shellfish being grown in aquaculture. These chemicals may be
toxic to the fish or shellifish and/or to the consumer.

3. Treatment processes commonly used to decontaminate Sludges, feed-
lot wastes and poultry litter do not eliminate all pathogens.

4. Treatment methods to further reduce pathogens as recommended by
EPA should be used to decontaminate the wastes. These processes must be
monitored to ensure that all waste receives the recommended treatment.

3. Careful selection of the waste source and the use of recommended
decontamination procedures could result in the production of a waste pro-
duct that could be used effectively in aquaculture systems.

142



TABLE 7, Virus isolations from shellfish and fish

PER CENT OF
TYPE OF SAMPLES
SHELLFISH POSITIVE FOR REF-
SOURCE OR FISH VIRUS VIRUS ISOLATES ENCE
1. Market Mussels Echovirus 3, 9, 13 34
samples Mussels 20 Coxsackievirus A, Al6 35
Oysters 10 Coxsackievirus A, Al6 35,36
Poliovirus 1, 2 and 3
Coxsackievirus B2, 3
and 4
Echovirus 9
Oysters <1 Poliovirus 1 37
Fish fillets 9.8 Poliovirus 1 and 3 and 38
Coxsackievirus B-4
2. Samples Oysters 7 Poliovirus 1, 3 39,40
from
approved
waters Oysters 20 Poliovirus 1 41
Oysters 20 Echovirus 1 and
Poliovirus 1 42
3. Samples Oysters 36 Poliovirus 1 41,43,
from 44
non- Coxsackievirus B2,
approved 3 and 4
waters Echovirus 9
' Oysters Echovirus 20, 23 45
and Poliovirus 1
Fish~bottom Poliovirus 1, 2 and 3 46
feeders '
Mussels 14 Echovirus 5,6,8,12 47
Coxsackievirus A-18
Poliovirus 3 48
Clams 33 Enteroviruses 49
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ABSTRACT

Fish or shellfish were involved in 182 (9.3Z) of the 1,963 foodborne
disease outbreaks reported to the Centers for Disease Control between 1975
and 1979, Fifty percent of all fish~related foodborne disease outbreaks
were caused by ciguatera fish poisoning; cases occurred most frequently in
Hawail and southeastern Florida, with grouper and amberjack the fish most
commonly implicated in outbreaks. The other major fish—assoclated foodborne
disease was scombroid fish poisoning, accounting for 247 of outbreaks.
Bacterlal pathogens were implicated in 19.67% of all shellfish—associated
outbreaks, and paralytic shellfish poisoning in 15.7% of outbreaks; Vibrio
species, including Vibrio cholerae and Vibrio parahaemolyticus, were
respongible for half of the bacterial outbreaks. In more than half of the
shellfish—~assocliated foodborne disease outbreaks 1t was not possible to
determine an exact etiology for the illness. At the present time we do not
have a good understanding of many of the diseases associated with eating
fish or shellfish, and further research into some of the unique problems
which they present should be encouraged.

INTRODUCTION

Figh and shellfish form a small but significant portion of the American
diet. There is great potential for growth in the industry, but to fully
realize this potential, efforts need to be made to understand and to control
those human digeases associated with eating fish and shellfish. Data are
presented here on outbreaks of fish— and shellfish-associated foodborne
disease reported to the Centers for Disease Control (CDC) in 1975-1979; al-
though the data are limited, they provide some insight into current problem
areas, and may help to establish priorities for further research.

MATERIALS AND METHODS

CDC has maintained a national foodborne disease surveilllance system
gince 1967. This system is based primarily on reports from local and state
health departments. Reports are submitted on a standard questionnalre.

Each questionnaire covers a gingle outbreak: an outbreak involves one or
more cases, with a case understood to mean 1llness in one person. Data
requested for each outbreak includes: number of cases, persons hospitalized,
and fatalities; clinical history of ill persons; incubation period and dura-
tion of illness; results of epidemiologic Investigation, including vehicle
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ineriminated by epidemiologic evidence; place of preparation of contaminated
item; place where eaten; manner in which incriminated food was markéted;
factors, such as improper food handling, contributing to the outbreak; and
pertinent laboratory data. All questionnaires received are reviewed by the
CDC staff, and the preliminary diagnosis confirmed on the basis of estab—
lished guidelines [1]. Data are presented here on the outbreaks reported

to CDC for 1975-1979, as received through January 15, 1980.

RESULTS

In 1975-1979, CDC received reports of 1,963 foodborne disease outbreaks
through the national foodborne disease surveillance system. In two-thirds
of these outbreaks no specific cause for the reported illness could be
confirmed. - Twenty-one percent of outbreaks were attributed to bacterial
pathogens, 8% to chemical food poisoning, 3% to parasitic organisms, and
less than 1% to viral pathogens. Salmonella species were the most commonly
implicated bacterial pathogens, with staphylococci the next most common.,

One hundred thirty-one (6.7%) of the 1,963 foodborne disease outbreaks
were associated with eating fish. These outbreaks involved 706 persons, of
whom 58 were hospitalized and 2 died. Chemical food poisoning, including
scombroid and ciguatera, accounted for 96 outbreaks and 431 cases. No
etiology was determined for 22 outbreaks, 10 outbreaks were attributed to
bacterial pathogens, and 3 were attributed to parasites (Table 1).°

Table 1. TFish~Associated Foodborne Disease Outbreaks
Reported to CPC, 1975-~1979

Out— # Hospi-

Etiology breaks Cases talized Deaths
Bacterial

C. botulinum 7 19 19 2

C. perfringens 1 55 0 0

Staphylococcus 2 29 0 0
Viral 0 0 0 0
Parasitic 3 6 0 0
Chemical

clguatera 65 237 21 0

scombroid 31 194 0
Unknown 22 166 1 _0
Totals 131 706 58 ;2

The single most common cause of outbreaks of fish-related foodborne dig—
ease was clguatera fish poisoning, with 65 outbreaks and 237 cases reported.
Twenty-one persons (9%) were hospitalized; there were no reported deaths
assoclated with the outbreaks. The outbreaks were all reported from Hawaii
(65%), Califormnia (3%), and Florida (32%); all of the latter occurred in
the Dade County area. Cases from Hawaii were reported during all months of
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the year, whereas in Florida the number of outbreaks peaked in May, with no
outbreaks reported between July and December.

At least 11 different types of fish were involved in the ciguatera out-
breaks reported. Grouper were implicated in 13 outbreaks (20%), amberjack
in 12 outbreaks (18.5%), jack (ulua) in 9 outbreaks (13.8%), and snapper in
6 outbreaks (9.2%). Grouper were most commonly implicated in the Florida
outbreaks, and amberjack and jack (ulua) were most often reported from
Hawaii. It was not possible to determine from our reports whether the fish
involved in the outbreaks were commercially or home caught, although it was
reported that 47 of the 65 outbreaks (72%) involved fish prepared at home,
and 6 (9%) involved fish prepared in commercial establishments. Place of
preparation was not recorded for 12 outbreaks (19%).

The other common etiology for fish-associated foodborne diseasge was
scombroid fish poisoning, with 31 outbreaks involving 194 persons reported
between 1975 and 1979. Seven persons were hospitalized (3.6%); no deaths
were reported., Outbreaks were reported from 11 different states, with
Hawaii, Washington, and California accounting for 20 (65%). No seasonal
incidence was apparent from the outbreak reports. Mahi-mahi or dolphin (a
non—Scombroid fish) was the fish most commonly implicated in outbreaks.
Tuna were implicated in 10 outbreaks (32.3%), while bluefish were involved
in 3 outbreaks (9.7%).

When efforts were made to determine the factors contributing to the
outbreak, it was found that the fish had been mishandled either immediately
after being caught or during commercial processing or distribution in 18
outbreaks (58%). This includes 10 outbreaks in which the fish were known
to have been imported into the United States: 1 outbreak involved jack
(ulua) steaks from New Zealand; 3 were associated with mahi-mahi from
Ecuador; and 6, all occurring in 1978, were related to mahi-mahi from
Taiwan. In 7 outbreaks (22.6%) the fish had probably been mishandled
during the retail process or while being prepared. No data on source of
fish or possible errors in handling were available for the remaining 6
outbreaks, '

Bacterial pathogens were identified in very few fish—associated out-
breaks. The most frequently reported bacterial pathogen was Clostridium
botulinum, accounting for 7 of the 10 outbreaks and all of the reported |
deaths from fish—associated foodborne diseases. Salmonella, the most com—
monly reported bacterial foodbornme pathogen in the United States, was not
identified as a pathogen in any fish-associated outbreak.

Fifty-one (2.6%Z) of the 1,963 foodborne disease outbreaks occurring in
1975-1979 were associated with eating shellfish. Twenty-nine (57%) of these
outbreaks were of unknown etioclogy, while 10 (19.6%) involved bacterial
pathogens, 10 (19.6%) chemical food poisoning, including paralytic shellfish
poisoning, and 2 (3.9%) involved viruses (Table 2).

The 10 outbreaks associated with bacterial pathogens involved 2,026
cases. Vibrio parahaemolyticus was identified as the pathogen in 2 out-
breaks associated with eating boiled shrimp. Both outbreaks were reported
from Louisiana, one in 1975 involving 100 cases and the other in 1978 in-
volving approximately 1,200 cases. Two outbreaks of non~0l Vibrio cholerae
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Table 2

Shellfish~Associated Foodbornme Disease Qutbreaks
Reported to CDPC, 1975-1979

Out- # Hospi-
Etiology breaks Cases talized Deaths
Bacterial
C. perfringens 1 500 0 0
Staphylococcus 4 209 3 0
Vibrio cholerae
01 1: 11 8 ¢
non—901 2 6 4 0
Vibrio parahaemolyticus 2 1,300 20 0
Viral - 2 27 8 0
Parasitic 4] 0 0 0
Chemical
Paralytic shellfish poisoning 8 21 11 0
Neurotrophic shellfish poison. 0 0 o 0
Monosodium glutamate 2 5 0 0
Unknown _29 383 12 0
Totals 51 2,462 66 0

involving 6 cases were reported in 1979; both were assoclated with eating
raw oysters from Florida. One outbreak of Vibrio cholerae 0l associated
with Louisiana crabs was reported in 1978.

Eight outbreaks of paralytic shellfish poisoning (PSP), involving 21
pergons, were reported between 1975 and 1979. Eleven of the 21 persons
required hospitalization. These outbreaks occurred in 2 clusters, 1! in
Alagka in May, June, and July, 1976, and the other in Washington in
September and October, 1978. The Alaska outbreaks involved clams harvested
in the southeastern portion of the state; PSP toxin levels ranged from
1,400-6,000 micrograms/100g of meat. Mussels and pectins were implicated
in the Washington outbreaks, and PSP toxin levels ranged from 1,400-30,000
micrograms/100g of meat. No neurotoxic shellfish poisoning outbreaks were
reported to CDC during the 1975-79 period. Two outbreaks of monosodium
glutamate toxicity were reported, both associated with overseasoning of
‘scallop soup.

Two shellfish—assoclated hepatitis outbreaks were reported between 1975
and 1979. One was related to eating tiger shrimp, but the source of
contamination was never determined. The other outbreak was associated with
eating raw oysters in Georgla and Alabama, with the oysters inplicated
traced to commercial growing areas in Florida.

DISCUSSION

The number of outbreaks of fish— and shellfish-associated disease
reported to CDC almost certainly represents only a small percentage of the
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actual total. Mild cases of foodborne disease may not be reported to a
physician, or even when reported may be attributed to "a virus.” Even when
illness 1s identified as due to foodborne pathogens, reports may not reach
CDC; reporting for most diseases is voluntary, and thus depends to a large
extent on physician and public health department time and interest.
Because of these factors, the system tends to be skewed toward more severe
or exotic diseases, such as botulism, while there is almost certainly
substantial under-reporting of diseases characterized by mild, rather
nonspecific gastrointestinal symptoms, such as seen with some of the
bacterial pathogens. Despite these limitations, the system is valuable in
identifying major problem areas and in helping to establish priorities for
further investigations.

Ciguatera was the most common of the fish— and shellfish-associated
foodborne diseases reported to CDC between 1975 and 1979. Described as
early as 1555 and well~recognized by Spanish explorers in the West Indies
[2], it 18 a major problem in areas where reef fish form a substantial
portion of the diet. It is reported to be "common” in the Caribbean (3],
although no valid estimates of incidence exist. Bagnis recently reported
on 3,009 cases in the South Pacific, and commented that the number of cases
appeared to be increasing [4]; no incidence figures were glven in the
study. In the United States valid incidence figures are again lacking;
Lawrence has estimated the incidence in the Miaml area at 5 cases per
10,000 population per year [5].

Research in the South Pacific has ldentified the dinoflagellate
Gambierdiscus toxicus as the probable source of ciguatoxin [6]. G. toxicus
is said to be present in most reef ecosystems, proliferating massively
after such occurrences as large storms, human intervention on the reef, or
poliution., Studies have shown larger fish to be more toxic {71, probably
due to a concentration of toxin as it is passed up the food chain. The CDC
data are not complete enocugh to allow correlation of cases with known
natural disasters in reef areas or with fish size.

Geographic distribution of cases in the United States probably reflects
the pattern of marketing of tropical reef fish, with most outbreaks reported
from southeastern Florida or Hawaii. Studies in the Pacific do not show
seasonal fluctuations in the number of cases of ciguatera fish poisoning,
in agreement with the data presented here showing little or no seasonal
varliation of cases in the Hawailan Islands. In contrast, ciguatera fish
poisoning incidence appears to peak in Florida im the late spring and early
summer. Because fish retain toxin for years [2} this observed variation
probably cannot be attributed to seasonal change in the dinoflagellate
population, and may simply reflect local fishing practices. ;

Public health regulations designed to prevent ciguatera fish poisoning
have usually been based on prohibitions against marketing species that are
frequently toxic. However, there are no national guidelines for ciguatera
regulation, and local laws vary widely. The recently developed radioimmuno-
assay (RIA) technique gives promise of allowing rapid detection of toxin in
individual fish [8], and has been used in Hawail to screen amberjack sold
in commercial fish markets in Oahu. Ideally, however, there should be
adequate understanding of the ecology and epidemiology of the disease to
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allow accurate predictions of which fish and which areas are toxic, with a
regulatory system based on this knowledge; such an under-standing will
require expansion of current research efforts, both in epidemiology and in
marine biology.

In contrast to ciguatera fish polsoning, which is caused by a toxin
acquired while the fish is alive, scombroid fish polsoning results from
toxic products produced by bacterial action on fish after they are caught
[2,9]. Scombroid fish poisoning can be prevented simply by proper handling
of fish; the high percentage of cases attributed to mishandling of fish
immediately after they are caught or during commercial processing and
distribution emphasize the importance of good handling techniques within
the industry itself, :

Bacterial pathogens, particularly Vibrio species, were implicated in a
high proportion of shellfish-associated foodborne disease outbreaks. Vibrio
parahaemolyticus, which was assoclated with more caseg than any other single
pathogen, is commonly isolated from seafood and seawater. Human gastroin-
testinal disease, however, is only associated with Kanagawa-positive
strains, which constitute approximately 1% of marine isolates [10].

Adequate cooking should kill the bacteria, and the major 1978 lLouisiana
outbreak probably occurred because of mlshandling of precooked shrimp;
investigators did demonstrate, however, that V. parahaemolyticus could be
cultured from shrimp that had been boiled for as long as 6 minutes [11].

Non-01 V. cholerae have also been reported to be a relatively common
environmental isolate, particularly in brackish waters of bays and estuaries
[12]. TUnfortunately, we do not yet have a method to identify strains
potentially pathogenic for humans. Oysters implicated in the 1979 foodborne
disease outbreaks involving non-0l1 V. cholerae came from areas with high
fecal coliform counts [13], suggesting that pathogenic strains may be
sewage-assoclated. This contrasts with studies of environmental isolates,
which show no relationship between occurrence of the organism and fecal
coliform levels {12]. The 1978 cholera outbhreak in Louisiana also suggested
the presence of an endemic focus of V. cholerae 0l along the Louisiana
coast. In that outbreak the organism was isolated from crabs, and from
shrimp caught in the area [l14]. Again, adequate cooking of seafood should
kill V. cholerae, although the organism was jisolated from crabs steamed as
long as 25 minutes. Given the relatively common practice of eating raw or
undercooked seafood, Vibrio species represent a potentially serious problem
for the seafood industry. '

Only 1 outbreak of viral hepatitis in the 1975-1979 period could be
directly attributed to contaminated shellfish. Oysters implicated in the
outbreak were from commercial areas and had been harvested when fecal coli~
form counts in the water were high [iiaié}‘ In this instance the increase
in fecal coliforms appeared to correlate with an inereased risk of
hepatitis, and the outbreak might have been prevented had current shellfish
sanitation regulations for closing areas at such times been strictly
observed. It again raised the question, however, of the accuracy of fecal
coliform counts in predicting the relative risk of hepatitis. 1In 1973,
oysters thought to have caused the major Houston outbreak came from areas
with acceptable fecal coliform counts [ll}.
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The major fish- and shellfish-associated foodborne diseases such as
clguatera fish poisoning, Vibrio—associated gastroenteritis, or hepatitis
present a rather unique picture. Unlike outbreaks caused by staphylococel
or Salmonella, which can usually be attributed to improper handling of food
at the time of preparation, these diseases are primarily amenable to control
prior to or at the time of harvesting. As such, their ultimate control will
rest with the industry itself; there is a need for both industry and govern—
ment to encourage further research so that appropriate control measures can
be developed.
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1,3,5-Trichloro-2-{4-nitrophenoxy)benzene (CNP)
in Fish, Shellfish, and Seawater in Tokyo Bay, 1977-1978

Tatsuncri Yamagishi and Kazuyuki Akiyama
Tokyo Metropolitan Research Laboratory of Public Health,
3-24-1, Hyakunin-cho Shinjuku-ku Tokyo, 160 Japan

ABSTRACT

Concentrations of 1,3,5-trichloro-2-(4-nitrophenoxy)benzene (CNP)} were
measured in a total of 122 samples consisting of 36 fish {goby-fish and sea
bass), 61 shellfish (short-necked clam) and 25 seawater samples collected at
5-12 sampling stations of coastal waters of the Tokyo Bay. The concentra-
tions of CNP found in goby-fish (on the wet basis) were in the range of 2.6
to 91,600 ppb in Tiver, 0.1 to 360 ppb in muscle, trace to 2,900 ppb in short-
necked clam {on the whole body of shucked samples), and not detectable to 0.8
ppb in seawater, respectively. Although the concentrations in these samples
varied with the time and place of the sampling, the maximum levels were found
on the samples obtained at all the sampling stations in May or June, both
years 1977 and 1978. In this season in every year, CNP or other herbicides
had been intensively applied in agricultural Tand of a rice paddy field in
Japan.

INTRODUCTIGN

In the previous paper, we reported that residues of the herbicide, CNP
(1,3,5-trichloro-2-(4-nitrophenoxy)benzene) had been found in certain fish
and shellfish in the Tokyo Bay 1k, 15). CNP is one of the herbicides used
in a large quantity (annual production, 5,000 tons) for controlling various
species of weeds in a rice paddy field in Japan 16). The acute toxicity of
CNP to mammals 8) and fish 9) is Tower than formerly used herbicides, shuch
as 2,4-D (2,4-dichlorophenoxyacetic acid) and pentachlorophenol, which are
now banned in Japan. However, it has been demonstrated that CNP is relati-
vely stable 3), and highly biocaccumulated by freshwater fish 4) under the
model ecosystem conditions. In field environment, although the residues had
been detected in soil 11-13) and river water 11), no data had been reported
on the concentration of environmental biota, and there were very few infor-
mations on the contaminations in the Tokyo Bay ecosystem.

An attempt was made to investigate fish and shellfish as an indicator
of the marine environmental contamination by CNP. The purpose of the study
is to find any differences in annual and regional bioaccumulation and corre-
lations between the concentrations and organisms. ;

MATERIALS AND METHODS
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A. Samples
A total of 122 samples containing of fish, shellfish and seawater were

collected May and September, 1977-1978 from sampling stations along the coast
of the Tokyo Bay (Figure 1). Thirty-three goby-fish samples (Acanthogobius
flavimanus) were caught by fishing at 12 stations once every year. Three
sea bass samples (Lateolabrax Japonicus) were caught by net only in Septem-
ber, 1977 at the pTace of § km off A-G station. Sixty-one short-necked clam
samples (Tapes philippinarum) were collected at five stations once every
month. Three each samples of freshwater fish (Zacco platypus) were collected
and pooled at five each sampling sites along both of the Tone and Tama Rivers,

ATl fish and shellfish samples were immediately wrapped in hexane-washed
aluminum foil and stored in a frozen state until analysis. Twenty-five sea-
water samples were collected only in 1978 at the same times and places at
which the shellfish were taken. The seawater samples were stored at 4 °C.

B. CNP Determination

IndividuaT goby-fish were dissected from the melt, and separated into
liver and muscle. The tissue portions were pooled at the same sampling sites
and times. The pooled samples were homogenized in a mixer. The shellfish
samples were thawed and shucked. The whole meat was pooled and homogenized
as in the case of fish samples. The homogenized samples were subjected to
CNP determination according to the method described. in the previous report
15) : sample extracts were cleaned up by the procedures of saponification
and Florisil column chromatography for the separation of CNP from fat and
p,p- and o,p’-DDT (1,1~(2,2,2~trich!oroethy1idene)—bis[ﬁ—chTorobenzené]and
TlEhToro4?¥[2,2,2-tr1ch1oro~1—(4~ch7orophenyl)-ethyf]benzene) and PCB (poly-
chlorinated biphenyls). The cleaned up soTuggon was analyzed using gas chro-
matograph (Shimadzu 5AP3FE) equipped with a "“Ni electron capture detector.
Columns used were 2% 0V=2 1 (Gaschrom Q, 60-100 mesh) and 2% 0V-17 (Chromo-
sorb W, AW DMCS, 60-80 mesh).

RESULTS AND DISCUSSION

A. Annual Differences and Regional Differences

Results of the analyses for clarifying the annual differences and seg-
sonal variations of CNP concentration were summarized in Table 1: a total of
99 samples consisting of 24 goby-fish, 50 short-necked clam and 25 seawater
samples were collected from 5-12 sampling stations monthly from May to Sept-
ember in 1877-1978. The differences in the residual Tevels in both fish and
shelifish samples were observed between 1977 and 1978 (p<0.01): these levels
in shellfish and fish(muscle and Tiver) in 1977 were much higher than those
in 1978. The regional differences were found in both samples of fish and
shellfish: the samples from B-1 station in 1977 were observed to have high
levels during the period of May to September, compared with those of other
stations. 1In 1978, the levels in fish and shelTfish sampled at the same time
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and place were, however, approximately the same or less than those of other
sampling sites. Data of the annual variation in the present study may indi-
cate that there exist probably a quantitative relation between the residual
levels in the marine biota and the consumed quantities of the herbicides,

1f the marine environmental pollution with CNP in the Bay is due to river
water, which are discharged into the Bay. Since 1979, only small amounts of
CNP were detectable in both biota, fish and shellfish, and the results are
consistent with the treatment of some administral warning and regulations
which had been effectively taken by the local government on the use of CNP
in a rice paddy field and for unsuited purposes. Although the cause of the
regional differences is not clear, the distances from the spraying place of
the herbicide may have potent influence on the residual levels in the marine
biota.

8. Seasonal Change

- The changes of the CNP levels in shellfish were similar in both years.
In 1977, the levels gradually decreased from the maximum levels {in May or
June) to 1/15 of them during the four month. As shown in Figure 2, period-
ical observations of the levels in shellfish at a fixed point demonstrated
a Tinear relation between the logarithmic concentrations and the elapse of
times after thirty days. The average half-life of the CNP residues in these
shellfish was found to be 23.8 + 8.3 days, and in each sampling station,
the half-1ife was 10.0 days at A-2, 33.8 days at A-6, 23.5 days at B-1, and
27.1 days at C-1, respectively. In 1978, the variation of the CNP residues
in shellfish hardly coincided with those in seawater.

It is well known that under the model experiment, this substance is one
of the least persistent herbicides 6), such as atrazine 17), and these com-
pounds generally persist for a few weeks. Present data indicate that the CNP
accumulated by shellfish has a short existing period in body compared with
that of DDT, and that CNP in seawater also is far less persistent. Such a
rapid disappearance of CNP from marine system may involve microbial and chem-
ical degradation as well as deposition and absorption. Although seawater
and shellfish were thus poliuted temporarily with CNP only a Timited period,
the CNP concentration in seawater influenced the levels in organism (Figure
3). Namely, CNP levels in shellfish were highest in May. This period.of
the high concentrations coincided with the herbicide spraying season (April
to June) in agricultural areas.

Suzuki et al.10) reported that the concentrations of CNP in river water,
due to the runoff of the herbicide from rice paddy fields, had reached the
maximum levels after one month from the start of the herbicide application,
and that the levels had ranged from 0.009 to 16.7 ppb during June ‘and Sept-
ember in North Kyushu, Japan. Ishikawa et al.2) recently reported that the
residual levels of CNP in zoobenthos (cord shell, Corbicuia japonica)
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collected near the estuary were remarkably high in May, and the maximum level
was 44.3 ppb. Thus, the season of the maximum levels reported in their studi-
es are similar to that of the present study; however, the concentrations of
the maximum Tevel in seawater and shellfish are much Tower than those of river
water and the organisms.

: In order to evaluate the fate of herbicides in the environment to which
they may be applied, particularly the fate of CNP in river water, we have
carried out a study. The residue Tevels of CNP in freshwater fish (Zacco
platypus) were examined as an indicator of river water poliution,

Table 2. CNP concentrations in freshwater fish
from the Tone and Tama River in June, 1979

a Body weight CNP concentrationsb
Sampling sites (range, g) (ppb, wet basis)
Tone River
Oyama 16.1 - 18.6 76.3
Kano 15.4 - 18.7 32.0
Nogii 2.3 - 16.2 20.2
Noda 2.3 - 5.5 16.4
Nagareyama 23.5 - 23,7 19.7
Tama River
Dam 15.6 - 9.4 nd
Haijima 11.0 - 18.5 nd
Koremasa 12.5 - 18.5 nd
Noborito 3.5 - 4.2 nd
Futago 3.5 - 4.5 nd

Freshwater fish: Zacco platypus
nd: not detectable
a ,

The sites are arranged from the upper to down stream.
b ' '

Data represent mean of triplicated analyses of a pooled sample of three
each fish,

In early June, 1979, samples of freshwater fish were collected at five
each sampling stations in two rivers, the Tone River (upper stream of the
Edo River) and the Tama River, which discharge into the Tokyo Bay. In the
Tone River basin through agricultural areas, the CNP Tevels in freshwater
fish were much higher than those in marine fish, as shown in Table 2.

While, in Tama River (industrial areas), CNP residues in freshwater fish
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were not detectable. These results indicate that the marine environmental
pollution with CNP in the Bay is mainly attributable to river water, which
are discharged from agricultural watershed through areas of paddy fields
after the herbicide application.

C. Tissue Distribution of CNP in Shellfish and Fish

Table 3 shows the distributions of CNP in the bodies of shellfish:
the samples (3 kg) was collected at A-2 in May, 1977, and individually divided
into two portions, viscera and muscle containing mantle and pseudopordium.
The concentrations of CNP residues in viscera were about 5 times higher than
those in muscle, and this difference may part1y associated with relatively
high content of 1ipid in viscera. As shown in Table 1, concentrations of CNP
residues in goby-fish liver were about 120 times higher than those in muscle
in all the samples examined. Furthermore, a Tinear correlation was observed
in goby-fish samples when the residual 1eve1s in both 1iver and muscie were
logarithmically converted.

Table 3. CNP concentrations in muscle and viscera
of short-necked ciam (Tapes philippinarum)

CNP concentrations® Ratio in each tissue
Tissues (ppb, shucked, wet basis) (A/B)
A) Viscera 23.5 + 1.6 4.7
B} Muscle 5.0+ 0.8

Data represent mean + S.D. of three pooled samples of thirty each shellfish
aSignificant differences were not found between the three classes(p<0.01)

Because the body sizes of the individual goby-fish were too small (10-30 g
in whole weight), the tissue distributions of CNP were determined on another
species, sea bass (3-5 kg in whole weight). The results are as follows;
1,660 ppb in ga]ib?adder 1,610 ppb in fat, 1,520 ppb in kidney, 1 »350 ppb
in liver, 210 ppb in heart, 44 ppb in gill 1ame11a and 43 ppb in musc]e,
respect1ve1y The Tiver, k1dney, and fat tissues thus, accumulate CNP sele-
ctively. Kanazawa et al. 4) revealed that under the model experiment, CNP
bioaccumulation ratic for freshwater fish (topmouth gudgeon, Pseydorasbora

arva) was relatively high, attaining to a magnitude of 1.1 x 10°, after the
gfsﬁ had been exposed to 20 ppb of CNP for 15 days, and that the levels in
kidney, liver, and the other viscera were higher than those in musc1e and
head. Kobayashi 5) also reported similar results. However, it is not clear
at present whether these residual Tevels in the organs would cause any func-
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tional damage to internal organs, or have any biological effect on the sea
bass and goby-fish.

D. Bioaccumulation and Body Weight

CNP concentrations in shellfish and fish were examined in relation to
body size (Table 4 and 5). In both species, no significant differences in
CNP concentrations existed between body sizes, medium, and large (p<0.05).

The results indicate that CNP accumulation by these marine bjota occurred
quite recently in the Bay, and this may prove that the CNP residues in the
marine biota were absorbed directly from seawater, and not from food chain.

Table 4. CNP concentrations in short-necked clam
(Tapes philippinarum) by body weight

o Body weight CNP concentrations®
Sizes (shucked, g) (ppb, shucked, wet basis)
Small 0.9 + 0.1 21.0 + 1.4
Medium 1.9 + 0.2 22.3 ¥ 1.5
Large 5.5 + 0.3 19.6 + 1.0

Data represent mean + S.D. of three pooled samples of thirty each shellfish
8Significant differences were not found between the three classes (p<0.01)

Table 5. CNP concentrations in goby-fish
(Acanthogobius flavimanus) by body weight

Body weight CNP concentrations®
Sizes (n) {g9) (ppb, wet basis)
Small 15 5.0 + 0.6 0.90 + 0.08
Medium 10 10.1 + 0.2 1.13 + 0.05
Large 5 13.9 + 0.9 1.45 + 0.13

Data represent mean + S.D
aSignificant differences were not found between the three classes(p<0.05)

Biological indicators have been used by several investigators to moni-
tor organochlorine insecticides or other pollutant in the marine environ-
ment. The use of such organisms have several advantages, especially the
indicator species used in the present study have an advantage; to elucidate
not only a route of marine environmental pollution due to river water but
also the range and proportion of pollutants.
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Selective Breeding Programs and Genetics as Likely Impacts
on Future Aquaculture Production Systems and Regulation of Aquaculture

A, Crosby Longwell
National Marine Fisheries Service
Northeast Fisheries Center

_ Milford Laboratory
Milford, Connecticut 06460-6499

L. Growing Interest in Genetic Applications to Aquaculture

The idea of applying genetic principles to aquaculture and very lim—
ited attempts to do so were still novel in the 1960s even though some
knowledge of both would have led most to surmise that one might conceiv-
ably impact the other in a commercially significant sense. 32,34 Because
of the historically different development of genetics, animal and plant
breeding, marine biology, and agriculture, papers on aquatic organisms,
fresh water as well as marine, were truly a rarity at any genetics or
scientific breeding meeting. To be a good subject for breeding studies
the species must be one with a fully and easily controlled life cycle.
The complicated life cycles of many marine specles with their highly
vulnerable, specialized juvenile stages still pose many problems to their
fruitful research and economic culture.%® This is not considering the
even greater difficulties they present to a selective breeder or genet—
icist. Ewven so, genetics in culture systems is seen now less as a novelty
and is viewed by an increasing number as a significant part of the future
success of aquaculture. This could be particularly so for the more high-
technology, less labor-intensive type of aquaculture envisioned as suitable
to U.3. and West European economies. Most of the species plans prepared
as an appendix to the U.S. National Aquaculture Plan, which the present
Aquaculture Bill pending in Congress would require should it be passed,
list' selective breeding and genetics among highest priority areas for re-
search and development.

As early as 1969, the USSR Academy of Sciences and fishing ministries
sponsored a symposium on "Genetics, Selection and Hybridization of Fish"
(ed. Cherfas), translated to English by NOAA, U.S. Dept. Commerce, Trans-—
lation Services, 1972.4 Although it noted the significant scope of Soviet
work on fish genetics and selection (largely fresh water), the conference
concluded that such was yet not sufficient for the tasks facing fishery ;
science. Many sound recommendations were made, but there is no evidence
that these were followed up with much real support for the proposed
breeding programs. Not unlike the belief in the U.S., it appeared to
conference contributors that there was an underappreciation of the impor-
tance of genetics and special breeding in fish culture.

At the 1970 Second U.S. Food-Drugs from the Sea Conference, F. Schultz
presented a paper outlining well, from the vantage point of one who has
consulted extensively on poultry breeding, the potential value to aqua-
culture of population genetics, sex control mechanisms, artificial fertili-
zation, chromosome manipulation, induced mutation, and biochemical
genetics.47 Later in 1978 the U.S. National Academy of Sciences' study on
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"Aquaculture in the United States, Constraints and Opportunitles accepted
the case for a role of genetics in aquaculture,

Also in 1978 the Japanese Society of Scientific Fisheries in conjunc-
tion with the Japanese Academy of Sciences sponsored a symposium on the
"Present Status of Fish Genetics and Future Prospects of Breed Improvement"
(ed., K. Fujino), soon to be available in English through NOAA Translation
Services.l2 There now appears to be a real recognition in Japanese aqua-
culture of the importance of, and efforts to effect, breed improvement for
increasing culture product1v1ty

Genetics has further been the object of serious consideration at inter-
national meetings. An FAO Ad Hoc Working Party on "Genetic Selection and
Conservation of Genetic Resources of Fish" attributed the lag in applying
genetic principles to aquaculture breeding to lack of complete control of
reproductive phases, as well as to a generally inadequate awareness among
aquaculturists of the importance of genetic work.9 At the FAO Technical
Conference in Kyoto, Japan, in 1976, U.S., Norwegian, and Israeli geneti-
cists described the theoretical basis for selective breeding and its appli-
cation to aquaculture.lo They noted that, with few exceptions, aquacul-
turists still use undomesticated organisms, a situation they liken to using
jungle fowl to operate a modern poultry farm. As to be pointed out, com-—
mercial hatchery operators do not yet have other options.

More recently, at the October 1979 Statutory Meeting of the Inter~-
national Council for the Exploration of the Sea, genetics in mariculture
was one of two special topics addressed at sessions of the still~new Com~
mittee on Mariculture. Invited position papers and experience papers were
presented by American, Canadian, and Norwegian researchers*, The Mari-
culture Committee elected to spomsor a study group on genetics to advise it
on aquaculture breeding and, in regard to matural populatioms, still the
primary source of breeding stocks.

Genetics is seen as having its most general, pervasive role in aqua-
culture as a basis for selection and other artificial, more experimental .
breeding programs (as chromosome manipulation to produce sterile triploid
progeny) aimed at improving the organism for use in intensive, controlled-
production systems. In simple multiplication of stocks not intended for
any selection purposes—-the present status of most production systems——
genetics can still advise as to how suitable levels of genetic variability
can be maintained. Hopefully, it might direct the process of domestication
in aquacultured organisms, Genetics is seen as aiding in the characteriza—
tion of the diverse wild populations of commercial and related species, and
in s0 doing assist in the selection of the best-adapted populations for
particular purposes and enviromments. It can provide advice and be a stim-
ulus for the conservation of mative resources as irreplaceable gene pools
for natural enhancement, and for future use in artificial breeding programs.

* For convenience, referred to here by their official ICES numbers:
C.M.1979/F:21-22; C.M.1979/F:36-49; C.M.1979/F:56. Obtainable from
International Council for the Exploration of the Sea, Charlottenlund
Slot, DK-~2920, Charlottenlund, Denmark.
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An increase in more basic genetic information on cultured aquatics should
contribute to the general data base still limited, particularly for marine
species, relative to that which exists for terrestrial species of economic
importance.

At the same time interest in applying genetics to aquaculture has been
increasing, marine organisms have been found to be ideal subjects for basic
population genetic'studies employing biochemical genetic methods of gell
electrophoresis. As stated at the 1978 NATO conference, "Marine Organisms,
Genetics, Ecology and Evolut10n,"2 marine organisms are playing a central
role in what promlses to be as major an Impetus in the study of evolution
as has accurred since Darwin's time. Some of the marine species subjected
to these ba31c scientific studies are candidates for mariculture, and fish
whose stocks must be managed. New advances in chromosome methodologies and
even more w1despread application of older chromosome methodologies to marine
species spurred on by fresh interest may stimulate yet another burst of
activity in evolutionary genetics with marine organisms and aguaculture
species playing a key role. Heteromorphic sex chromosomes were recently
identified in rainbow trout,49 and populations observed with varying chromo-
some numbers, some possibly as high as those expected for cutthroat trout.i3
Growing interest in the developmental biology and developmental genetics of
fish is evidenced by papers presented at the 1978 Fourteenth International
Genetics Congress, and by the recent symposium on "Development Biology of
Fishes," held in conjunction with the annual meeting (1979) of the American
Society of Zoologists. Certainly, there will accrue to aquaculture and
fisheries some indirect benefits from this fundamental work.

II. Present Restrictions on Application of GeneticIPrincigles to Aguacul-
ture Breeding

A. Restrictions shared with aquaculture genmerally

Even though there. are demonstrations of useful genetic variability in
cultured species, this variability has not been exploited commercially to
any great degree. Narrowing the gene pool through selection without z con-
comitant increase in control over the life cycle could confound rearing and
maintenance problems., For economic gain, as opposed to scientific demon-
stration, selection programs should be integrated parts of pilot or full-
scale production systems. Continuous generation-to-generation breeding of
large numbers of organisms with relatively long-generation times and
fragile juvenile stages——a necessity to benefit from the useful genetic
variability demonstrated--suffers from all the non-scientific constraints
on U.S5. aquagulture programs as much and even more so than does aquaculture
in general.”” " In the U.S. a vigorous industry would almost certainly play
a significant role here in an undertaking, hardly the sole prerogative or
responsibility of either universities or federal laboratories.

Probably the best example of gain to aquaculture from applied genetlss
is of seaweed, Laminaria japonica, in the People's Republic of China.%
In a breeding program started in 1951 in Tsingtao, China's main center for
marine research, entailing use of X-irradiation to induce new mutations,
inbreeding and selection, new varieties have been produced with higher tem-
perature tolerance, faster growth, and higher alginate and iodine content.
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Between 1950 and 1978, kelp production increased from 60 to 200,000 metric
tons. A good portion of this increase is attributed to the improved strains.

B. Still wild genotypes of "uncultivated" aquaculture species

Geneticists would argue that to gain the measure of control over the
life cycle required for production efficiency, the wild types aquaculturists
currently use must undergo domestication or cultivation just as did domestic
animals and crop plants long before the advent of genetics. Those high-
producing successes of U.S. agriculture that lead aquaculturists to be inter-
ested in genetic technology were so changed by domestication before they
underwent any deliberate improvements that they bear little genetic resem—
blance to wild ancestors. When the ancestors can be determined with any
certainty, they are not even assigned the same species or genus rank. In
this process of domestication, aquaculture species would, similarly to the
agriculture species, accumulate those genes of benefit in high density com-
mercial production with man's protection, and lose those genes that benefit
the organism only in its survival in wild unprotected habitats, and are a
detriment to economic aquaculture., It has been questioned, however, by
geneticists themselves whether genetics can suitably direct the process of
domestication, which is not clearly understood in terms of modern genetic
theory.

It is known that in mammals, domestication results in great increases
in the quality and range of genetic wvariability. A Soviet scientist,
Lecturer of the American Genetic Association for 1978, by selecting foxes
solely for non-aggressive behavior towards man, changed not only their
behavior but their estrous, moulting, and morphological type which came to
resemble that of some breeds of dogs.3 Agquaculturists, in selecting in-
tensely for characters that natural selection would never faver in a stable
environment, might similarly produce some unexpected associated responses.
The process of domestication or cultivation is of considerable theoretical
interest. Incipient domestication is presently being studied in the
cultured freshwater prawn, Macrobrachlum rosenberg;i 36 '

III. Application of Genetlc Pr1nc;ples to Aquaculture Breedlng, and
Changing Requirements and Regulatory Needs of Aguaculture

A, In relation to need for genetic varlablllty in foundlng_stocks

Despite all the restrictions on application of genetlc pr1nc1ples to
aquaculture, should aquaculture move beyond its present stage of rearing
essentially wild organisms, genetics would inevitably play an integral role.
Breeding consecutive generations is an unavoidable basic component of such
an advance. In the absence of directed selection by the breeder, natural
selection will still operate in the hatchery and not necessarily to the
benefit of the breeder. 1If not practiced properly, artificial selection
can result in genetic deterioration of the stock., Properly practiced,
there is potential for production gains.

Commercially successful application of genetic principles to aqua~
culture breeding would not result only in stocks with new genotypes. It
would also bring about some change in views on new introductions; transport
of stocks, disease control, and conservation. Current attitudes have, not
inappropriately, been shaped cut of consideration for protection of the
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natural resource as opposed to the development and maintenance of artificial
breeds. The 1971 FAO Ad Hoc Working Party on Genetic Selection and the
Conservation of Genetic Resources of Fish” recommended, as a high priority
problem for research, the systematic exploration and testing of genetic
resources which might offer better potential for aquaculture than strains
already in use. Transfers and introductions of marine organisms for aqua-
culture are already on Ehg increase, and epizootiological aspects of such
have been reviewed. 8544,37,42

For selective breeding——the cornerstone of most breeding programs--to
succeed, there must be sufficient genetic variance for the traits to be
selected for.® Populations will differ in both the quality and quantity of
these genes. Most traits of commercial interest are not inherited as simple
dominant and recessive genes but rather as large numbers of genes, each with
exceedingly small individual effects. The expression of these genes is
greatly modified by the environment. Some estimates of genetic variance
have been made for commercially important traits in several aquacultured
groups. Estimates appear high encugh to indicate some measure of success
in properly conducted selection programs for the traits concermned as infer-
red above. Yor examples on oysters, lobsters, salmon, and trout see refer-
ences 30, 21, 28, 43, 7, 35, 13, and 15. The normal state of most out-
breeding organisms is one of considerable genetic variability. This appears
to be true of marine species, as well as others, although fewer marine
species have been studied, %l

The outcome of selective breeding programs will depend on the number
and composition of the founding stocks, as well as on the numbers of animals
selected for hatchery breeding each generation.8 Too few founding individ~
uals of too restricted a gene pool limit the outcome of such breeding pro-
grams even though peak selection responses would occur earlier. Reduced
genetic variation also reduces the ability of the species to adapt enviroen-
mentally. In extreme situations, having too few individuals in the founding
stocks results in deleterious inbreeding depression in later generations
after substantial funds and time have already been committed to the arti-
ficial breeding program. Use of new stock in the breeding schemes at this
time causes loss of some gain already made. Carp and trout stocks are .
believed to have suffered from too much inbreeding in the past (Reference 9 '
and Ryman, personal communication regarding work in press).

When selection programs are to be founded with non—endemic or non-local
stocks, restrictions on the numbers of animals to be brought in an area can,
therefore, adversely affect the likely success of the undertaking, as well
as guard against the likelihood of bringing in disease organisms and pests
or establishing natural populations of a non-endemic species. The Revised
Code of Practice of the Working Group on the Introduction of Non-indigenous
Marine Organism525 recommends that brood stock be first established in
approved quarantine, and only the first generation be transplanted to the
natural environment. Particularly when such stock is to be used in hatchery
breeding programs, care must be taken that large enough numbers of animals
are used initially and that genetic variability is preserved in the breeding
and rearing of such F] stock. This is no small undertaking considering cur-
rent limitations of hatchery production. The ICES Working Group recognizes
this, and recommendations specify that genetic requirements of sound
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breeding programs be considered along with others when dealing with this
matter (ICES Working Group on the Introduction of Non-indigenous Marine
Organisms, 1979),.

B. 1In relation to hybridization

Once breeders have tested and experienced the limitations of their own
particular choice stocks, there should be an increased interest in any ad-
vantage hybrids might offer for artificial culture.33 This, of course,
further confounds the introduction problem. Hybrids might be made of stocks
as closely related as strains, of population crosses of the same species or
between species and, in the case of seaweeds,50 possibly even between genera.
Hybridization of a newly introduced form with an endemic stock or with an
established hatchery line might be desirable as a means of increasing the
genetic variability of the endemic stock in a selection program. Another
reason for hybridization would be to combine in one stock desirable charac-—
teristics that exist separately in different forms. Another would be to
produce especially vigorous or otherwise desirable hybrids for the market.
Occasionally, a hybrid between two species will be sterile because of the
lack of homology between chromosomes of the two parental species and would
be made to obtain sterile progeny for commercial production. It was re-
cently proposed by Israeli carp breeders and geneticists that wild fish
populations of various types be improved for harvesting by hatchery rearing
stocks which would hybridize in nature with natural populations to produce
superior fish for traditional fishing;38 a bold proposal for the fisheries,
but hardly new to forage crop breeders. The potential use of such hybrids
in restocking of public shellfish beds was remarked on earlier.3%

Wide hybridization is believed, furthermore, to have had a role in the
cultivation process of crop plants by introgression of genes from one
species into another, and some of the hardiness of croE plants may depend on
occasional hybridization with associated weeds.16>1153L 1t could similarly
be important in the domestication of aquaculture species. It is also known
that old, well-established subspecies usually have gene combinations so
well-adapted to the enviromments they occupy that any new combinations
created by hybridization will nearly always be less favorable. 1If, however,
hybrids are to be made use of in an entirely new environment, some of the
vast array of segregates appearing in later generations may be better
adapted than any individuals of either parent groups.?l (Certainly, hatch-
eries are a new environment for aquaculture species.

In p.iants, one of the major consequences of domestication associated
with this wide hybridization was an enormous increase in the area of dis-
tribution of the species.22 (Most of our major crops came into cultivation
in one or few regions, each with a restricted range and rather narrow’
climactic limits.} Major wheat cultivars of, for example, Canada, come from
regions as widely separated and as climactically diverse as Poland, India,
Russia, Australia, England, Egypt, and Portugal.29,17 Hardly any of the
major agriculture species of the U.S. are native to this country. Too
stringent restrictions on introductions for aquaculture at the current
phase of development of the field may well impede its further development
if agriculture is used as an example.
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C. In relation to disease and prophylaxis

As the gene base of aquaculture species is narrowed and homozygosity
increased in making for specific production efficiencies, any natural
genetic resistance to disease risks becoming less or even lost entirely.
Mortality or required destruction of stock because of disease after a breed-
ing program is well underway is a particularly serious loss, and a not un-
common one. Dependence of the culturist on prophylaxis should then have to
be increased on the loss of natural genetic resistance or general vigor.

An alternative is to make deliberate use of disease resistance as a selec—
tion criterion from the beginning of any serious breeding program insofar

as this is practical or possible. There would be the disadvantage here
that' the more characters selected for 51multaneously, the slower the overall
selectlon pProgress. : :

Zn spite of the spectacular advances in chemlcal protection, the use of
resistant varieties still represents the only economical means of control
against some of the most widespread and destructive plant pathogens.5l A
rather common practice of plant breeders is the crossing of a resistant
variety or species with a non-resistant local type or commercial form, fol-
lowed by backtrossing to the more generally desirable but susceptible
parental type, selecting each generation the disease-resistant offspring
for the parents of the next generation. Such a breeding scheme might be
adapted to some aquacultured species, or direct use even made of the Fj
progeny of a resistant type crossed with a non-resistant type.

While genetic resistance to disease has occupied a special place in
plant breeding, by comparison to plants little has been done to improve the
resistance of agricultural animals to infections or dietary deficiences by
breeding. Yet, this has not been due to lack of genetic variability to
disease resistance,26 but rather to reliance on prevention. It has not been
possible to carry out comprehensive selection experiments with large farm
animals, but a number of interesting observations have been made. In small
animals, experiments have been performed in which disease resistance has
been changed by selection.

For over 20 years Hutt and his co-workers at Cornell University carried .
out selection for high and low mortality to leukosis (a viral disease) by
simply exposing poultry to natural infection. 23,24 By selecting birds for
breeding from families with low mortality, two highly resistant lines were
produced also superior in other ways. In another line, selection was for
high mortality. 1In the resistant lines mortallty from leukosis was 2- 3/
and in the susceptible, 40-60%.

Fish too_appear to have genetic variation for disease resistance which
might be exploited for aquaculture production systems. Higher resistance
to disease in the eastern brook trout (Salvelinus fontinalis), along with
increased growth rate and average number of eggs per female, was reported
in 1930 by Hayford and Embody. The development of disease-resistant
strains of freshwater fish was briefly reviewed by Wolf in 1954, 52 ponald-
son® reported higher resistance to disease in his selectively-bred chinook
salmon (Oncorhynchus tshawytscha). Aylesl attributed the heritability of
survival of alevins in splake hybrids to genetic differences in suscepti-
bility to blue sac diseases. Gjedrem and Aulstadlé reported significant

3
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differences in resistance to Vibrio disease between river strains of
Atlantic salmon parr. Estimates of heritability within strains were 0.12
and 0.07, respectively, for the dam and sire components, low but signifi-
cantly different statistically from 0. These researchers argue that resis-
tance to Vibrio can be altered by selection. They are attempting to do so
selecting for differences 1u Vlbrlo antlbody tlter in ralnbow trout.

Wild oyster populations have developed resistance to the Malpeque Bay
disease of still unknown etielogy. About 1915 this disease wiped out nearly
all the oysters in the hitherto productive waters of Malpeque Bay on the
north shore of Prince Edward Island. . By 1940, solely through the effective-
ness of the pressure of natural selection for resistant oysters,. these
oyster beds were again productive.40 Transfers of oysters from this area to
others where the disease had not struck showed oysters from the former to be
highly resistant. Until recently this has been the only reported case of a
populatlon of marlne invertebrates acqulrlng genetic re51stance to a disease.

The devastatlng mortalltles of oysters in Delaware and Chesapeake Bays
in the later 1950s were reminiscent of those occurring in Malpeque Bay. The
disease~causing organism of the mid-Atlantic epizootic was identified as a
haplosporidian parasite, Minchinia nelsoni.”” In a pattern similar to the
Malpeque experience, evidence suggests that these native oysters are devel-
oping resistance to what has come to be referred to commonly as the MSX
disease.18 Resistance seems to be correlated with lighter, more localized
infections.18

Stocks of oysters w1th various histories of exposure to MSX have also
been laboratory-reared, and. their offspring tested fox resistance.1l8 After
nearly three years of intensive selection against MSX in each generationm,
first, second, and third generation resistant stocks have 4.6, 5.1, and 6.3
times as many survivors, respectively, as do unselected groups. Native
resistant oysters have nearly three times as many survivors as do suscep-
tible imports,

There is then reason to suppose that breeding for disease resistance
in aquaculture could be successful, as well as important, in reducing some-
what dependence on prophylaxis. ' I [

D. In relatlon to needs for conservatlon of wild stocks

Even though those who would c0nt1nuously breed and maintain aqua-
cultured spec%es generation to generation in the most artificial ways should
eventually view stock introduction differently from those whose interests
remain strictly with the natural resource, both groups have a continuing
stake in the conservation of the matural resources of their particular
organism. For the aquaculturist, this concern over comnservation should
include wide areas of the natural species distribution. Any highly success-
ful aguaculture types of the future, grown under somewhat artificial, con-
trolled conditions over widely varying envirommental climes, may derive from
only a few of the presently cultured types, those that best lended them-—
selves to the little understood process of domestication or cultivation.
There is no assurance that these will be endemic types. The world's major
crops derive mainly from one or a few wild species with greatly expanded
ranges,
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Natural populations of wild stocks are, in addition, invaluable as the
gene pool from which genetic variation for aquaculture breeding can be drawn
in the future. Genes unwittingly discarded in intense hatchery selection
can be regained later only by returning to wild stocks. Wild populations
can never be maintained artifiecially and practically in a manner that would
preserve their natural genetic integrity, making their comservation in
nature all the more important. New introductions should accordingly be
viewed in terms of the likelihood of any significant level of hybridization
in pature with endemic populations, as well as in terms of ecological com-
petition, and their usefulness in aguaculture selection programs.

While aquaculturists look forward to domesticated, selected lines,
increasingly plant breeders must return to the primitive cultivars of the
past created unconsciously by uncultured forbears for genes long discarded
in artifiecial breeding programs.ll35 The growing concern of crop breeders
and geneticists that their primitive germ—plasm resources may be lost should
impress on aquaculturists the importance of preserving the wild gene pools
of their own species for the selection programs that may be an integral part
of the future of aquaculture. The proposal to categorize and inventory
shellfish populations of Europe that Ireland presently has before the Com-—
mittee on Science and Technology of the European Economic Commission may be
a step in that direction (information from Prof. N. Wilkins, University
College, and E. Sweeney, National Board of Science and Technology, Dublin).
In 1977 funds were made available to the Department of Animal Genetics and
Breeding, Agricultural University of Norway, to establish an egg bank with
the preservation of salmon strains threatened with extinction as one of its
three objectives.l4 Proposals are also being prepared, in cooperation with
the United Nations Environment Program, regarding the conservation of the
genetic resources of fish (information from T. Pillay, Aquaculture Develop-
ment and Coordination Programme, Fisheries Department).

IV. Summary

Aquaculture systems might be more efficient once they move beyond the
present, general stage of rearing essentially wild organisms in hatcheries.
Breeding consecutive genervations is an inevitable basic component of such
an advance. It is unavoidable then that application of genetic principles
to aguaculture breeding would have to be an essential part of any such
future development of aquaculture even though genetics can still play a
lesser role in the present state of aquaculture, In the absence of directed
selection by the breeder, natural selection will still operate in the hatch-
ery and not necessarily to the benefit of the breeder, If not practiced’
properly, artificial selection can result in genetic deterioration of the
stock. Properly practiced, there is potential for production gains.

Integration of selective breeding programs into production systems
would effect a change in attitudes on introduction and transfers of non-
endemic stocks, on conservation of wild resources as gene pools, and on
disease control for reasons discussed in this paper. Current attitudes
have, not inappropriately, been shaped largely out of consideration for
protection of the natural resource as opposed to the development and main-
tenance of artificial breeds.
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Beset as it is by all the current limitations of aquaculture and by a

general lack of domesticated breeds, aquaculture breeding, as based on
genetic principles, is still attracting increasing intérest. At the same
time, marine organisms are playing a central role in basic evolutionary
studies in genetics. Domestication of marine organisms, viewed as essential
to their maximum use in artificial preduction, could shed new light on
genetic theories of evolution of domesticated and cultivated species, a
process which can no longer be fully traced in agriculture species.
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THE ROLE OF THE FOOD AND DRUG ADMINISTRATION IN
THE APPROVAL OF NEW ANIMAL DRUGS

B. F. COREY
VETERINARY MEDICAL OFFICER
U.S, FOOD AND DRUG ADMINISTRATION
BUREAU OF VETERINARY MEDICINE
ROCKVILLE, MARYLAND 20857

Abstract

The Food and Drug Administration's responsibility in
aquaculture, as with other methods of food produetion, is to
assure the safety of food commodities produced in aquaculture
Systems that have utilized drugs for therapeutic purposes.

Animal feeds used in aquaculture operations which contain
drugs to prevent or control disease must be in compliance with
the same regulatory requirements regulating animal feeds in meat
and poultry husbandry.

Introduction

The Food and Drug Administration (FDA) operates under the
Federal Food, Drug, and Cosmetic Act (FFDCA)' and regulations 5
published in Title 21 of the Code of Federal Regulations (CFR).

For products to be subjeet to FDA jurisdiction, they must be
either foods, drugs, devices or cosmetics introduced into or
delivered for introduction into interstate commerce.

Belore a new animal drug can be legally marketed, it must be
approved by the FDA on the basis of safety and effectiveness
(table 1). The sponsor of the drug has the responsibility of
providing this data. If the drug is for food-producing animals,
not only must the safety of the animals be considered, but also
the safety of food products derived from the treated animals that
are intended for human consumption.

Therefore, all approved drugs used in man or other animals
must be safe and effective in the proposed animal specie as well
as safe to the consumer.
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Table 1. The only FDA therapeutics currently approved for use in
food fish are:

SULFAMERAZINE FISH GRADE--AMERICAN CYANAMID 21 CFR 558.582
FOR CONTROL OF FURUNCULOSIS IN RAINBOW TROUT, BROOK TROUT,
AND BROWN TROUT

WITHDRAW--21 DAYS PRIOR TO MARKETING OR STOCKING IN OPEN FISHING
STREAMS

DO NOT TREAT IN EXCESS OF 14 DAYS
(WET AND DRY DIETS)

DOSAGE--10 GRAMS PER 100 POUNDS OF FISH PER DAY

TERRAMYCIN ANTIBIOTIC PREMIX FOR FISH--C. PFIZER & CO.
21 CFR 558.450
(OXYTETRACYCLINE)
FOR *SALMONIDS TO CONTROL ULCER DISEASE, FURUNCULOSIS,
BACTERIAL HEMORRHAGIC SEPTICEMIA, AND PSEUDOMONAS
DISEASE
DO NOT ADMINISTER WHEN WATER TEMPERATURE IS BELOW 908 (48.2°F)

FOR ®#CATFISH FOR CONTROL OF BACTERIAL HEMORRHAGIC
SEPTICEMIA AND PSEUDOMONAS DISEASE

DO NOT ADMINISTER WHEN WATER TEMPERATURE IS BELOW
16.7¢ (62°F)

¥TREAT FOR 10 DAYS 2.5-3.75 GRAMS PER 100 LBS, OF FISH.
WITHDRAW~21 DAYS PRIOR TO SLAUGHTER OR MARKETING.

FINQUEL 21 CFR 529.2503
(TRICAINE METHANESULFONATE)
FOR ANESTHESIA AND TRANQUILIZATION OF FISH AND OTHER
COLD-BLOODED ANTIMALS

DOSAGE~--ADD ‘TO AMBIENT WATER AT A CONCENTRATION OF FROM
15-330 mg PER LITER DEPENDING UPON THE DEGREE OF
SEDATION DESIRED

DO NOT USE WITHIN 21 DAYS OF HARVESTING FISH FOR FOOD.
USE IN FISH INTENDED FOR FOOD SHOULD BE RESTRICTED TO
ICLATURIDAE, SALMONIDAE, PERCIDE AND ESOCIADAE, AND WATER
TEMPERATURE SHOULD EXCEED 10°C (50°F).

181



The FDA's responsibility in aquaculture, as with other
methods of food production, is to assure the safety of food
commodities produced in aquaculture systems that have utilized
drugs for therapeutic purposes, According to the law (FD&C Act),
a food is illegal if it contains a natural or added substance
which may be unsafe or injurious to health,.

Animal feeds used in agquaculture operations whlch conta1n
drugs to prevent and/or control disease must be in compliance
with the same regulatory requirements regulatzng animal feeds .in
meat and poultry husbandry.

Chemicals which are considered to be new animal drugs must
be the subject of an approved new animal drug application. (NADA).
The legal requirements for approval of a new animal drug
application, in brief, are as follows: -

Contents of a new animal drug application (NADA) initial
submissions should contain the information described in 21 CFR
514,1(B), It includes: :

1. Full reports of investigations in the target specie to show
that the drug is safe and effective for the use proposed,

2. A list of components of the drug (chemical chafécterization,
active drug ingredient, its purity, all components of the
formulation).

3. A full description of methods, facilities'and controls used
in manufacturing, processing and packing of the drug.

y, Copies of proposed labels and labeling.
5. A signed copy of Form FD 356.3

6. An environmental impact analysis report (EIAR), regulation
514.1(BY(14).

7. A freedom of information (FOI) summary of safety and
e, fectiveness data.

Prior to the initiation of any studies, we recommend:a

complete literature review on the disease or syndrome for whléh
control is desired. .
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

NEW ANIMAL DRUG APPLICATION (Drugs for Animal Use)

{Title 21, CFR $514)

FOR FDA USE ONLY
NADA NO.

DATE RECEIVED:

NAME OF APPLICANT

TYPE OF SUBMISSION [Check onef

OoniginaL aAPPLICATION (CFR 514.1{a})

CJAMENDMENT TO AN UNAPPROVED ORIGINAL

ADDRESS (Street Number, City, and Zip Code)

APPLICATION (CFR 514.6)

O AMENDOMENT TO AN UNAPPROVED SUPPLEMENT
TO AN APPROVED APPLICATION (CFR 514.6)

[suPPLEMENT TC AN APPROVED APPLICATION
{CFR 514.8 {a)}

OsPECIAL NEW ANIMAL DRUG APPLICATION
SUPPLEMENT - CHAMGES BEING EFFFCTED

FDA DRUG REGISTRATION NO. DATE:

(CFR 514.8 {a)}

CHEMICAL NAME (/nt cases of multi-component drug mixtures a continuation sheet must

be attached)

GENERIC NAME:

PROPAIETARY NAME:

INSTRUCTIONS FOR PREPARING AND SUBMITTING THE NEW ANIMAL DRUG APPLICATION

i Assemble and bind three identical copies of the submission.

ii. Identify each. front cover with the name of the applicant, the pro-

prietary name, if available, the name of the new animal drug and the

dosage form.

Use separate pages for each numbered heading consistent with subpara-

graph (1} through {11} of this Application form Number the pages of

the new animat drug application. Each copy should bear the same page

numbering. )

. Each copy of an original new animal drug application shall contain

three complete sets of labeling.

v. Submit separate applications for each different dosage form of the drug

proposed. Repeating in each application basic information pertinent to

iif.

vii. Submit fo:

all dosage forms is unnecessary if reference is made to the application
containing such information. Such references should be made by
volume and page. Include in each application information applicable to
the specific dosage form, such as labeling, composition, stability data,
efficacy data, method of manufacture and investigational new animal
drug application number.

Forward amendments, suppléments, reports and other correspondence
submitted after the original application in the above format. Identify
the submission with the assigned NADA number. H the submission s a
supplemental application, full information shall be provided an each
proposed change concerning any statement made in the approved ap-
plication.

vi.

l'vod and Drug Administrietion

Bureau of Veterinury Medicine Y/FF-16)
3600 l'ishers Lane
Rockville, MD 20857

The undersigned submits this application for a new animal drug pursuant
to section 512{b) of the Federal Food, Drug, and Cosmetic Act. It is
understood that the tabeling and advertising for the new animal drug will
prescribe, recammend, or suggest its' use only under the conditions stated
in the labeling which is part of this application and if the article is a
prescription new animal drug, it s understaod that any [abeling which
furnishes or purperts to furnish information for use or which prescribes,
recommends, or suggests a dosage for use of the new animai drug will also
contain, in the same language and emgphasis, infarmation for its use in-
cluding indications, effects, dosages, routes, methods, and frequency and
duration of administration, any relevant hazards, contraindications, side

effects, and precautions contained in the labeling which s part of this
application in accordance with 21 CFR 201.105. it is understocod that all
representations in this application apply to the drug produced until
changes are made in conformity with $ 514.8. It is further understood that
new animal drugs as defined in § 510.3, intended for use in the manu-
facture of animal feeds in any State will be shipped only o persons who
may receive such drugs in accordance with $ 510.7. The undersignad certi-
fies, that the methods, facilities, and contrals described under item 5 of
this application confarm to the current good manufacturing practice regu-
lations in 21 CFR BART 200.

Ne new animal drug application may be processed unless a completed application form has been received (271 CFR 514,1}.

SIGNATURE OF APPLICANT (Respousible afficial or Authorized Agent)

TITLE OF AUTHORITY DATE SUBMITTED

NOTE: This application must be signed by the applicant or by an authorized attorney, agent, or official', if the applicant or such authorized represen-
tative does not reside or have a place of business within the United States, the application must also furnish the name and post office address of and
must be countersigned by an authorized attorney, ageni, or official residing or maintaining a place of business within the Unitad States.

{Warning: A willfulty faise statement is a criminal offense. U.S.C, Title 18,

sec, 1001)

Enter the estimated time {manhours) to prepare this application. ({nclude tvping,

photocopy and assembly onlv)

Original Copy

Dupncate/Triplicate Copias
TOTAL (manhours)

FORM FD 356V {4/78)
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The following information, described in 21 CFR 514, shall constitute the requirements of this application:

1. idantification. Whether the subimisaods 15 gn originagl o sapplementqt

apphcation; the name and address ol the applicans,

the date uf 1he

application, the trade name (s} {if one has been proposed) and chemical
namels) of the new animal drug. Upon receip1, the application will be
assigned an NADA number, which shall be used for all correspondency
with respect to the application

2. Tsbie of Contonts and Summary. The appilicauon shall be organized in
a cohesive lashion, shall contain a table of contents which idennities

the ddta and other material submitted,

and shall contpin a well

orgameed summary and evatuation of the data in the following form

1/

Chemistey

a. Chemical structural formuta or description for any new animal
drug substance.

Flelationship 1o other chermically or pharmacologicaliy related
drugs

c. Descuption of dosage form and quantitative composition,

b

Scientific rationale and purpose the new amamal drug)s ta serve:

a. Chnical purpose.

IJ Hnghhghts of laboratory studies: The reasons why certain types
of studies were done or ermitted as related 10 the proposed con
dittons of use and 10 informanion already known about this class
of campounds. Emphasize any unusua! particularty significant
pharmacaological effects or toxicologecal findings.

¢. Highhghts of chinical studies. The rationale of the climcal study
plan showing why types of stuches were done, amended, or
omitted as related 10 laboratory swudies and prior clinical
experience,

d. Conclusions: A short statement of conclusions combining the
major paints of effectiveness and safety as they relate to the use
of the new animal drug.

e, List of references, References to pertinent information includ-
ing informatian contained in files of the Food and Drug Admin-
istration as provided in 21 CFR 511.1.

3. tabeling. Three copies of each piece of all labeling to be used for the
artele (total of 9),

i

=

i

",

VI

-

All labeling should be identified to show its pasition on, or the
manner in which it is to accompany the marker package.
l.abeling for nonprescription new animak drugs should include ade-
quate directions for use by the Jayman under ail conditions of use
far which the new animal drug is intended, recommended, or sug-
gested 1n any of the labeling or advertising sponsored by the apphi-
cant.
Labeling for prescription veterinary drugs should bear adequate
information for use under which veterinanians can use the new ani-
mal drug safely and for the purposes for which it is intended,
including those purposes for which it is 10 be advertsed or repre-
sented, in accord with 21 CFR 2011056
All tabeling fos prescription or nonprescription new apimal drygs
shail be subrmmutted with any necessary use restrictions pgrommaently
and conspicuously displayed.
Labehng for new ammal drugs intended 1or use in the manufacture
of medicated feeds shall include:
a2 Specimens of labeling to be used for such new animal drug with
adeguate directions Tor the manufacture and use of finished
feeds tor all conditions for whech the new animal drug is intend-
ed, recommended, or suggested in any of the labeling, including
advertising, ., onsored by the apphicant.
b. Specimens of all labeling representative of those proposed to be
used for finished feeds manutactured from the new animal drug.
Diaft labeling may be subrmtted for preliminary consideratton of
an application, Final printed labeling will ordinarily be required
prior to approval of an application, Proposed advertising for veteri-
nary peescription drugs may be subrmitted for comment or approv-
al,

4 Components and Compasition. A complete list of all articles used for
praduction of the new animal drug including a full list of the composi:
uan of each article:

4,

A full hst of 1he arnicles used as companents of the neéw animal
drug. This hist should include all substances used in the synthess,
exiraction, or othes mecthod of preparation of any new animal drug
and in the preparation of the finished dosage form, regardless of
whether they undergo chemical change or are removed in the pro-
cess, Each component should be identified by its estabhshed name,
if any, or complete chemical name, using structural formulas when
necessary for specific dentification. If any propnetary name i
used 11 should be followed by a complete quantitative statement of
composition, Reasonable alternatives for any lhisted component
may be specified.
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He,

A full siatement of the compoation of the new anunal drug. The
statement shall ser forth the seasme and amount of each ingredent
whethr schive o nor, contamned m a stated quuntity of the new
arumal diug i the Torm mowhich itis to be distobuted {for exam
ple, amount per wabder o aullibten) and a batch lormulasepresenta-
tive of that to be coplaoyed for the manufacture of the finished
dosage form. All compaonents should be included v the bateh (or-
mula regardiess of whether they appear v the fimished product,
Any calcelated excess ol an mgredient over the labet declatation
should e designated as such and percent excess shown, Reasonable
variation may he specified
11t is a new ammal drug produced by fermentation
a. Source and type of microorgantsm used 1o produce the new ane-
mal drug,
5. Composition af media used to produce the new amimal drug,
c. Type of precursor used, ff any, to guide or enhance production
of the antbote during fuementaton,
d  Name and composition ol preservative, if any, used in the broth,
A comptete descreption ol the extraction and purthcation pro
cesses including the nanws and compostions of the sulvents,
precipetants, n exchange resins, emulsifiers, and all other
agents used, :
£ 1f the pew animul drug s produced by a catalytic hydrogenation
process (such as tetracychne fram chlorietracycline} a complete
description of each chenucal reaction with graphic formulas
used 1o produce the new armimal drug, including the names of
the catalyst used, how 1t 1s removed, and how the new ammai
drug s extracted and punfied.

1

5. Manufacturing Methods, Facilities, and Controts. A full description of
the methods used in, and the facilities and controls used for, the manu-
facture, processing, and packing of the new animal drug. This descrip-
tion shoulkd include full informaton with respect 10 any new animal
drug n suffecient devast 1o perrret evaluation of the adequacy of the
described methods of manufacture, processing, and packing, and the
described facilities and controls 1o determine and preserve the identi-
ty, strength, quality, and purity of the new animal druq, and the fol-
lowing:

A

i,

iit.

vi.

If the applicant does not himself perform all the manufacturing,
processing, packaging, labeling, and control operations for any new
animal drug, he shall: Identify each persan who will perform any
part of such operations and designate the part; and swovide asigned
statement from each such person fully describing, directly or by ref-
erence, the methods, facitities, and cantrols he will use in his part of
the operation. The statement shall include a commitment that no
change will be made without prior approval by the Food and Drug
Administration, unless permitted under 21 CFR 514.8.

A desciiption of the qualifications, including educationat back-
ground and expenence, of the technical and professional personnel
whao are responsible for assuning that the new amimal drug has the
identity, strength, quality, and purily it purports or is represented
to possess, and o statement of their respansibilities,

A descripnon of the physical facilities, including buitding and
equipment used in manufacturing, processing, packagm"g,labelmg,
storage, and control operations,

. The methods used in the synthesis, extraction, |solatmn or purifi-

cation of any new animasl diug. When the specifications and con-
trols applied to such new amimal drugs are inadequate in themselves
to determineg ils 1dentity, strength, quality, and purity, the meth-
ods should be descrbed in sufficient detait, including quantities
used, times, temperature, pH_ solvients, etc., to determine these
characteristics, Alternative methods or varia!ion's in methods wath-
in reasonable hmits that do not affect such characlensucs of the
new animal drug may be specified. A flow sheet’ ‘and indicated equa-
tions should be submitied when needed to explain the process.

Precautions 1o insure brope: identity, strength, quality, and purity

of the raw materials, whether acuve or not, including:

a. The specifications for acceptance and methods of testing Tor
each lot of raw material.

b. A statement as to whether or not each lot of raw material is
given a sertal number to dentify it, and the use made of such
numbers in subseqguent plant operations,

The instructions used in the manufacturing, processing, packagmg,

and labeling of each dosage form of the new animal drug, including:

a. The method of preparation of the master formula records and
individual bateh recards and the manner in whaich these records
are used,

b. The number of individuals checking weight or volume of each
indivicdual ingredient entening into each batch of the new animai
drug.

¢, A statement as to whether or not the total weight or volume of
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viit.

each batch is determined at any stage of the manufacturing pro-
cess subsequent to making up a batch ac_:cordingto the formula
card and, if so, a1 what stage and by whom it is done.

d. The precautions used in checking the actual package yield pro-
duced from a batch of the new animal drug with the theoretical
yield. This should include a description of the accounting for
such items as discards, breakage, etc,, and the criteria used in
accepting or rejecting batches of drugs in the event of an unex-
plained discrepancy. ) . .

e. The precautions used to assure that each lot of the new animal
drug is packaged with the proper fabel and labeling, including
provisions for labeling storage and inventory control.

£ Any special precautions used in the operations,

,'i'he analytical controls used during the various élages of the rmaau-

facturing, processing, packaging, and labeling of the naw animal
drug, including a detsiled description of the collection of samples
and the analytical procedures to which they are subjected. The ana-
lytical procedures should be capable of determining the active com-
ponents within a reasonable degree of accuracy and of assuring the
identity of such components. : :

a. A description of practicable methods of analysis of adequate
sensitivity to determine the amount of the new animal drugin its
final dosage form including finished feeds and in drinking water
should also be included. Methads should be included for any pre-
mix or other intermediate mix for such drugs. Where two or
more active ingredients are included, methods should be quanti-
tative and specific for each active ingredient.

b. 1f the article is one that is represented 1o be sterite, thesame in-

formation with regard to the manufacturing, processing, packag
ing, and the collection of samples of the drug should be given for
sterility controls, Include the standards used for acceptance of
_ eachlot of the finished drug. )
An explanation of the exact significance of any batch contro! num-
bers used in the manufacturing, processing, packaging, and labeling

~ of the new animal drug, including such control numbers that may

ix,

A

appear 0n the label of the finished article. State whether these nurm-
bers enable determination of the complete manufacturing history
of the product, Describe any methods used to permit determination
of the distribution of any batch if its recall is required.

Adequate information with respect to the characteristics of and the
test methods employed for the container, closure, or gther compo-
nent parts of the drug package to assure their suitabitity for the in-
tended use. '

. A compiete description of, and data derived from, studies of the

stability of the new animal drug, including information showing the
suitability of the analytical methods used. Describe any additionat
stability studies underway or planned. Stability data should be sub-
mitted for any newanimal drug, for the finished dosage form of the
new animal drug in the container in which it is to be marketed, in-
cluding any propased multiple-dose container, and, if it is 1o be put
into solution at the time of dispensing, for the solution prepared as
directed. 1f the data indicate that an expiration date is needed to
preserve the identity, strength, quality, and purity of the new ani-
mal drug until it is used, the applicant shall propose such expiration
date, f no expiration date is proposed the applicant must ustify its
absence. )

i. Additional procedu'res empioyed which are'designed 10 prevent

contamination and otherwise assure proper controt of the product.
An application may be refused uniess it includes adequate informa-

.tion showing that the methods used in, and the facilities and con-

Xii.

XiH.

trols used for, the manufacturing, processing, and packaging of the
new animal drug are adequate to preserve its identity, strength,
quality, and purity in confarmity with good manufacturing prac-
tice and identifies each establishment, showing the location of the
ptant conducting these operations.

The methods, facilities, and controls described under item 5 of this
apptication conform to the current good manufacturing practice
regulations in 21 CFR 200,

An analysis of the cnvironmental impact of the manufacturing
processies) of the article that is the subject af the requested
action as specified under 21 CFR 25.1(g).

[nclude:

{1} An identification of pollutants expected 10 be emitted;

{2} A citation of applicable Federal, state, and loca! emission
requirements; and,

{3} A certification that such emission complies with said re-
quirements. Where there are no applicable Federal, state or {ocal
emission requirements, citation and certification shall be made to
appropriste industry, advisory, or voluntary standards acceptabla
to the agency.
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6. Samples. Samples of the new animal drug and articles usad as compo-
nents and information concerning them may be requested by the Bu-
reau of Veterinary Medicine as follows:

i. Each sarhple shall consist of four identical, separately packaged sub-
divisions, gach containing at least three times the amount required
to perform the laboratory test procedures described in the applica-
tion to determine compliance with its control specifications for
identity and assays. Each of the somples submitted shall be appro-
priataly packaged and iabeled to preserve its characteristics, 10 iden-
tify the material and the quantity in gach subdivision of the sample,
and to identify each subdivision with the name of the applicant and
the new animal drug application to which it refates. Included are:

a. A sample or samples of any reterence standard and blank used in
the procedures described in the application for assaying each
new animal drug and other assayed components of the finished
new animal drug.

5. A representative sample or samples of each strength of the
finished dosage form proposed in the application and employed
in the clinjcal investigations and a representative sample or sam-
ples of each new animat drug from the batchi{es) employed in
the production of such dosage form.

¢ A representative sample or samples of finished mos!.v: packages
of each strength of the dosage form of the new animat drugpre-
pared for initial marketing and, if any such sample is not froma
represeniative commercial-scaie production batch, such a sar-
ple from a representative commercial-scale production batch,
and & representative sample or samples of each newanimal drug
from the batch{es) employed in the production of such dosage
form, provided that in the case of new animat drugs marketed in
large packages the sample should contain only three times asuf-
ficient quantity of the new animat drug to aliow for performing
the control tests for drug identity and assays.

i, ‘The following information shall be included for the samples when
requested: )

2. For each sample submitted, full information regarding its
identity and the origin of any new animal drug contained there-
in {including a statement whether it was produced on a labora-
tory, pilot-plant, or futi-production scale} and detailed results
of all laboratory tests made to determine the identity, strength,
quality, and purity of the batch represented by the sample,
ineluding assays. ’

b. For any reference standard submitted, a complete description
of its preparation and the results of alt laboratory tests on i1, if
the test methods used differed from those described in the
apptication, full details of the methods employed in obtaining
the reporting resuits, ) :

7. Analytical Methods for Residues. Applications for new animai drugs
shall include a description of practicable methods for determining the
quantity, if any, of such drug inor on food, and any substance formed
in or on food because of its use, and the proposed tolerance or with-
drawal periad or other use restrictions for such drug if any tolerance or
withdrawal period or other use restrictions are required in order 10
assure that the proposed use of such drug will be safe. Whenr: data or
other adeguate information e,'stahlish that it is not reasonable to
expect the new animal drug to become a component of food, assay
methodology is not required.

i The kind of information required by this subdivision may include:
Complete experimental protocols for determining drug residue
levels in the edible products, and the length of time required for
residues to be eliminated from such products foflowing the drug's
use; residue studies conducted under appropriate {consistent with
the proposed usage) conditions of dusage, time, and route of
administration to show levels, if any, of the drugand/or its metabo-
lites in test animals during and upon cessation of treatment and at
intervals thereafter in order to establish a disappesrance curve; if
the drug is to be used in combination with other drugs, possible
effects of interaction demonstrated by the appropriate disappear-
ance curve or depletion patterns after drug withdrawal under
appropriate [consistent with proposed usage} conditions of dosage
time, and route of administration; if the drug is given in the feed or
water, appropriate consumption records of the medicated feed or
water and appropriate performance data in the treated animal; if
the drug is to be used in more than cne species, drug residue studies
or appropriate metabolic studies conducted for each species that is
food-producing. To provide these data, a sufficient number of birds
or animals should be used at each sample interval, Appropriate use
of tabeled compounds (e.g. radioactive tracers} may be utilized to
establish metabolisen and depletion curves. Drug residue levels
ardinarily shouid be determined in muscle, liver, kidney, and fat
and where applicable, in skin, milk, and eggs {yolk and egg white),



ii.

As a part of the metabolic studies, levels of the drug ar metabolite
should be determined in blood where feasibie. Samples may be
combined where necessary. Where residues are suspected or known
to be present in litter from treated animals, it may be necessary to
include data with respect to such residues becoming components of
other agrlcultural commodities because of use of litter from treated
animals,

If such new animal drug is one which has been shown to induce
cancer when ingasted by man or animal or after other tests which
are appropriate for the evaiuation of the safety of such drugand the
Secretary is requested to find that, under the conditions of use
specified in the proposed labeling and reasonably certain to be fol-
lowed in practice, such drug witl not adversely affect the animals
for which it is intended and that no residue of such drug will be
found in any edible portion of such animals, after slaughter or in
any food yielded by or derived from the animal, methods of analy-

~ sis shaif be submitted in such form as 1o be suitable for publication

in the Federal Register.

8. Evidenca to establish safety and effectiveness.

i

ifi.

iv.

An application may be refused unless it contains full reports of ade-
quate tests by all methods reasonably applicable to show whether
or not the new animal drug is safe and effective for use as suggested
in the proposed labeling.

ii. An application may be refused unless’it mcludes substantial evi-

dence, consisting of adequate and weli-controtled investigations,

including field investigation, by experts gualified by scientific
trainingand experience to evaluate the effectiveness of the new ani-

mal drug involved, on the basis of which it couid fairly and reason-

ably be concluded by such experts that the new animal drug will
have the effect it purports or is represented to have under the con-
ditions of use prescribed, recommended, or suggested in the
proposed labeting.

An application may be refused unless it contains detailed reports of
the investigations, including studies made on labaratory animals, in
which the purpose, methods and results obtained are clearly set
forth of acute, subacute, and chronic toxicity, and unless it con-
tains appropriate clinical laboratory results related to safety and
efficacy. Such information should inc.ode identification of the per-
son who conducted each investigation, a statement of where the
investigations were conducted, and where the raw data

are available in the application.

All information pertinent to an evaluation of the safety and
effactiveness of the new animal drug received or otherwise
obtained by the applicant from any source, including infor-
mation derived from other investigations or commercial
marketing (for example, outside the United States), or re-
ports in the scientific literature, both favorable and unfavor-
able, involving the new animal drug that is the subject of the
application, and related new animal drugs shalt be submit-
ted, An adequate summary may be acceptable in lieu of a
reprint of a published report that only supports other data
submitted. Include any evaluation of the safety or effective-
ness of the new animal drug that has been made by the
applicants veterinary or medical department, expert com-
mittee, or cor. 1liants.

.1 the new animal drug is 2 combination of previously inves-

tigated or marketed new animal drugs, an adequate sum-
mary of preexisting information from preclinical and clini-
cal investigation and experience with its components,
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9. New animal drugs subject to section 512(n} of the act.

10,

1

-

including all reports received or otherwise obtained by the
applicant suggestmg side effects, contraindications, and inef-
" factiveness in use ‘of such components, shalf be submitted.
Such summary should inciude an adequate bibliography of
publications about the components and may incorporate by
reference information cancerning such components previ-
ously submitted to the Feood and Drug Administration by
the applicant; with written authorization, information may
also be incorporated from the material that anothar apphi-
cant has on file with the Food and Drug Administration,
Each ingredient- designated as active in any new animal drug
combmanon rnust rnake a oontnbunon to the effect in the
" mannar claimed or suggested in the labeling, and, if in the
“absence of express !abehng da|ms of : advantages for the
combination such a pmduct purports to be’ better than
either component alone, it must be established that the new
animal drug has that purported af!ecnvaness
vi. An application shall include a complete list of the name:
and post office addresses of all investigators. who receivec
the new animal drug. This may be incorporated in whole o
in part by reference to information submmed under the
provisions of 21 CFR §11.1.
vii. Explain any omission of reports ‘from any investigator tc
. whom the mvemgatlonal new animat drug has been made
available, The unexplained.omission of any. reports of in
vestigations made with the new animal drug by the appli
cant or submitted to him by an investigator or the unex.
plained omission of any pertinent reports of investigations
or clinical experience received or otherwise obtained by the
applicant from published literature or other sources that
would bias an evaluation of the safety of the new animal
drug or its effectiveness in use, constitutes grounds for the
refusal ar withdrawal of the approval of an application.
1 the
application is for a new animal drug subject to the certification
provisions of section 512{n) of the act and the drug is included
in reguiations promulgated under section 507 of the act, the
applicant may be exempted from the submission of some of
the infermation required by subparagraph {8) of this paragraph
if the application includes data adequate 10 prove that the new
animal drug is comparable to ‘the new animal drug for which
certification has been previously provided. )
Environmental Impact Analysis Repori, The appiicant s re-
guired to submit an environment impact analysis report
analyzing the environmentat impact of the uttimate use or con-
sumption of the new animal drug pursuant to 21 CFR 25.1.

.Confidentiality of Data And Information In A New Animal Drug

Application. The availabiiity for publlc disciosure of any record
in the NADA file shall be handled an accordance with the provi.
sionsof 21 CFR B14.11,

i. After approval has been published in the Federal Register
certain data and information (as indicated in 21 CFR
514.11{e)) in the NADA file are immediately available for
public disclosure unless extraordinary cnrcumstances are
shown. This information shall be known as a Freedom Of
tnformation (FOI} Summary,  / i

ii. Preparation of the FO| Summary shall be by the applicant
according to guidelings specitied by the agency.



Literature reviews provide excellent input for the
development of a protocol. They also provide an indication of
the types of studies which have already been conducted and for
which data exists, Literature reviews should include all
information relevant to the safety and effectiveness of the drug
including:

1. Publications and data on the specific disease organism;

2. Studies conducted in the proposed animal specie (target
organism) ;

3. The incidence and impact of the disease;
4. Environmental or other factors causing the disease; and

5. Known techniques for controlling the disease in the target
‘8pecies or other animals,

Effectiveness Studies

Each disease claim must be supported by a minimum of two well
contrelled studies demonstrating the effectiveness of each label
claim. Well controlled studies must ineclude the following three
groups of test animals: (a) non-infected, non-medicated control
group; (b) infected, non-medicated control group; and {c)
infected medicated control group. '

Effectiveness studies must: (a) demonstrate the effective
drug concentration to inhibit or kill the pathogen in vitro,
including time and dose relationships; (b) establish the minimum
effective dose for control of the pathogen in laboratory infected
test organisms; (c) determine the acute LD, to host species to be
treated and EC 9 te pathogen; (d) demonstrate effective control
for the diseasg in laboratory infected host species; and (e)
demonstrate efficacy under production conditions.

Regardless of the proposed use of a drug, an evaluation of
toxicity must include, as a minimum, testing of the parent
compountd in both a rodent and a nonrodent mammalian species by
daily, oral administration for at least 90 days.
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Generally, the rat and dog are the preferred species because
of the large base of reference data available for comparison.

Tissue residue studies should be conducted to show the levels
of the drug or its metabolites in test animals upon completion of
the treatment and at intervals thereafter in order to establish
its rate of disappearance from the organism.

In order for government surveillance programs to detect
excessive levels of drug residues, the sponsor must provide an
analytical method for residue testing: (1) an acceptable written
analytical method must be provided for the detection of residues
in edible tlssues. (2} an alternate residue method confirming the
preferred method must be provided; and (3) the fate of the parent
compound, metabolites and degradation products must be
determined,

Safety Studies .

1. Determine acute oral toxicity for rats.
2. Determine subacute (90-day) oral toxicity for rats and dogs.

3. Determine toxieity for target speczes under single and
repeated dosages at recommended treatment levels (3x and 5x).

4. Determine residue dynamics (time to clear blood, bile, urine
and edible tissues).

5. Identify metabolites and residues found in flesh.

6. Determine residue levels in the animal treated at recommended
use rates under normal production conditions.

7. Identify residues and their persistence in soil, water and
benthic organisms if the chemical is used under pond conditions.

8. If the compound does not degrade to non-toxic components,)
techniques for its removal or counter-action should be provided.

Labeling Requirements for NADA's

The label must indicate (1) the specie of animal to be
treated; (2) dosage level; (3) indications for use; (#) adequate
directions for use; and (5) cautions, warnings, and restrictions
(including pre-~slaughter withdrawal times).
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A Balanced Governmental Role in Aquacu1fure

Robert D. Wildman and William N. Shaw¥*
National Oceanic and Atmospheric Administration
U.S. Department of Commerce

ABSTRACT

The Federal Government is very active in its attempt
to develop aquaculture in the United States. This paper
discusses two of these activities, i.e., drafting of a
National Aquaculture Plan and the ongoing activities of
the Joint Subcommittee on Aquaculture (JSA).

The first draft of the National Aquaculture plan is
completed and is presently being reviewed. One of the main
parts of the Plan inciudes 12 species plans -- baitfish,
catfish, clam, crawfish, large-mouth bass, mussel, oyster,
freshwater prawn, marine shrimp, salmon, striped bass and
trout. These plans discuss approaches to resolve the
problems confronting their commercial development.

JSA has been active since late 1975 and currently meets
on a quarterly basis. The membership of this committee con-
sists of representatives from all federal agencies involved
in aquaculture. The committee contains a number of panels,
e.g., legislation, translation, statistics, effluent utili-
zation, regulation, extension services, financial assistance,
and fish health. One of the major activities sponsored by
the legistation panel of JSA is a study being conducted by
Aspen Systems Corporation entitled, "State and Federal
Regulatory Impact on Aquaculture Development".

INTRODUCTION

What is a balanced governmental role in aquaculture?
Is the present role unbalanced? What is the present role "
the Federal Government is playing to enhance the develop-
ment of aquaculture in this country? These aré good ques-
tions and deserve straight-forward answers. But, when do
you ever get a straightforward answer from a bureaucrat:

Many will claim that the Federal Government is playing
a negative role. For example, no aquaculture bill has been
passed and many believe it is because the "Feds" cannot
decide among themselves who should be the Tead agency.
Many claim the permit system is the biggest factor that is
inhibiting the growth of aquaculture; there is no low cost,
speedy, one-stop system. Many believe the federal research
effort is duplication, lacks goals, milestones, and coordi-
nation. Although there is some truth to the claims stated
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above, there is presently an all-out effort by supporters

of aquaculture in the Federal Government to enhance the
development of aquaculture., In the next few minutes, I will
relate to you the positive role being taken by the Federal
Government.

Presently, several aquaculture bills are being con-
sidered by Congress. Of particular interest is Senator
Inouye's bill S. 1650, “The National Aquaculture Act of
1979." This bill does not designate a single lead agency.
For the first time, all three agencies (Commerce, Interior,
and Agriculture) supported this bill at the October 16 hear-
ings before the Committee on Agriculture, Nutrition, and
Forestry and the Committee on Commerce, Science, and
Transportation. There are two aspects of the bill I would
1ike to highlight. First, the bill calls for the three
Secretaries of Agriculture, Commerce, and Interior to be
responsible for developing a National Aquaculture Develop-
ment Plan in consultation with other appropriate federal
agencies. Second, the bill calls for the creation of a
Joint Subcommittee on Aquaculiture. You should be aware
that these two provisions of the bill are already being
carried out and I would like to describe the actions of
each at this time,.

The National Aquaculture Development Plan

For the past six months, a Task Force containing mem-
bers from each federal agency involved in aquaculture has
been working on.the first draft of a National Aquaculture
Plan. The Plan will address such areas as: (1) the
advantages the U.S. has in developing aquaculture;

(2) potential for aquaculture in the U.S.; (3) current
support of aquaculture research and development in the

U.S. and internationally; {(4) commercial investment in
aquaculture; (5) current sources of financial programs

for aquaculture industries; (6) barriers to success of
aquaculture in the U.S.; (7) proposed advisory and
coordinating activities; (8) proposed education and infor-
mation programs; (9) required financial programs;

(10) annual cost to implement plan and conduct programs

for the first 5 years; (11) long term program needs; and
(12} expected benefits of the national program. A major
section of the Plan deals with proposed species development
programs. In this section, there will be 12 species plans,
j.e., baitfish, catfish, clam, crawfish, large-mouth bass,
mussel, oyster, freshwater prawn, marine shrimp, salmon,
striped bass, and trout. These plans include approaches to
resolve the problems confronting their commercial develop-
ment. Areas being identified include programs of research
development, other activities required, and funding. The
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National Plan is actually the first interaction of ‘what will
be a continuing process of updating and expanding the orig-
inal plan document. The uniqueness of this Plan, over all
other previously prepared for aquaculture, is that it is a
joint federal plan, not one written by a single federal
agency. _

This past September, the preliminary draft was reviewed
at a workshop held in Washington, D.C., by close to 200
members of the aquaculture community, including representa-
tives from industry, academia, state and federal agencies,
and Congressional staffers. As a result of this workshop,
the Plan is being redrafted and will soon be reviewed by
the aquaculture community. In essence, the Federal Govern- -
ment is a step ahead of the pending legisTation which will
call for a National Aquaculture Plan. If a bill is passed
this year, the first draft of the Plan will have already
been completed, thus giving us plenty of time to refine it.

As I stated earlier, there are many that will claim
that the government's role in aquaculture is fragmented and
uncoordinated. Each agency is viewed as independently doing
“"their thing". Congress has criticized the federal role in
aquaculture, therefore, in past and present aquaculture bills
they call for an Interagency Committee on Agquaculture.
ATthough chairmanship of this committee varies with the
different bills, the functions of this committee are quite
clear. They.are: (1) to insure that there is a continuing
exchange of information among the agencies represented on
this Committee with respect to the nature and status of the
programs or projects being carried out by such agencies
which relate, or which may apply, to aquaculture; and
(2) to review on a continuing basis the relevant programs
and projects of all federal agencies.

As far back as 1975, the Tate David Wallace, then
Associate Administrator for Marine Resources in NOAA,
recognized the problem and on November 18, 1979, NOAA
sponsored the first Interagency Aquaculture Workshop.

As a result of this workshop, there was a unanimous
agreement among the agencies that an interagency committee
for aquaculture be formed for the following reasons:

(1} there is no current existing mechanism for coordina-
ting efforts and for informing others;

(2} there are no lines of communication between those
carrying out research and those involved in regula-
tory functions;
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(3) ‘there are several agencies carrying out aquaculture
research within overlapping areas;

(4) Congress is distressed that there is a Tack of
coordination;

(5) 1if we do not coordinate our own efforts, Congress
will oblige us to do it; and :

(6) it would have appeal to OMB when we go before our
examiners. :

An interagency committee -for aquaculture was formed
and has met quarterly for the past three years. The commit-
tee is made up of a number of panels -- legislation, trans-
lation, statistics, effluent utilization, requiation,
extension services, financial assistance, and fish health.
Time does not permit me to describe the functions of each
Panel, therefore, I will limit my remarks to the regulations
panel since this is the theme for the Symposium we are
attending today. '

Dan Hunt, the moderator of the present session, is the
chairman of this panel. It was recognized immediately by
this group that regulations are one of the major reported
restraints in the development of aquaculture in the U.S.
Voices from all "necks of woods" were crying out that the
permit system was impossible or too costly to deal with.
For example, the certification of drugs was either not
possible, too costly, or too time consuming; that aqua-
culture was not treated Tike agriculture; coastal zone
planners did not recognize aquaculture as a priority use
of the coastal environment, and so forth. Were all these
cries for real? To date, they were independent voices and
never documented into a single package by a single firm or
individual. Therefore, the regulation panel, recognizing
the problem, prepared a proposal and obtained the necessary
federal support for a contract to study the "State and
Federal Regulatory Impact on Aquaculture Development." See
Appendix I for a description of the proposed study.

Briefly, the contractor is reviewing existing and pend-
ing federal and state regulations impacting on the develop-
ment of commercial aquaculture activities. In addition, the
contractor shall conduct case studies of ten commercial
operations in the U.S., representing marine and freshwater
species, to determine the practical effects of regulatory
impacts.

In September, 1979, the contract was awarded to Aspen
Systems Corporation.- They are presently reviewing the
State and Federal regqulations which affect aquaculture.
Initially, they have made a Titerature search of all
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aquaculture publications that refer to requlations.: A
subcontract was given to Pan-Tek Corporation to look at the
10 commercial firms. These firms have been interviewed

and a report is now being prepared. Although I am not at
the 1iberty to give you the name of these firms, I can say
they represent companies that are commercially rearing the
following species: oysters, mussels, freshwater prawns,
ma¥ine shrimp, catfish, baitfish, crawfish, trout, and
salmon.

Some preliminary results of these interviews were
made available to us by Pan-Tek and I will relay a few of
them to you. The type of firms interviewed range from
small operations to large corporations. Although the total
costs to obtain the necessary permits for each aquaculture
venture may be the same, these costs affect, as you can
imagine, small companies far greater than large corporations.
What I am really saying is that although big companies do
not 1ike the delays, etc., they can afford the costs.

What are the regulatory impacts on the 10 commercial
firms that were interviewed by Pan-Tek? As one might ex-
pect they vary considerably based on the size of the
operation, species being cultured, location, and method
used to culture the species.

The number of regulatory impacts affecting these firms
is quite large and it is not possible to give them all to
you at this time. A complete analysis is being done by the
contractor. Therefore, in the few minutes I have left, I
will just mention a few examples. These are taken directly
from Pan-Tek's trip reports.

1. FDA certification is expensive and slow. Only a few
drugs and medicines have been certified to date. A number
of others are being used in a quasi-iegal manner in both
commercial and governmental operations. A battery of options
are important since the operator is always facing a high risk
possibility of an unanticipated or currently untreatable
epidemic. The aquaculture industry is too small to under-
take this effort and, for the same reason, the commercial
drug companies are uninterested. One firm stated that some
drugs and medicines are often prohibited to commercial/oper-
ators, but used in State and Federal operations. Andy
finally, a statement was made that the number one problem

is to obtain FDA certification of an adequate inventory of
drugs to treat diseases.

2. The most critical constraint on the potential aquaculture
industry is the restriction on the importation of endangered
and non-indigenous species and their fully commercialized
technologies from overseas, i.e., Japan, Taiwan, China, etc.
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3. O0SHA has adopted deep water diving reguliations which
apply to shallow water aquaculture divers. A ratio of
three stand-by divers to one operational diver was so
prohibitive that one firm eliminated this funct1on and
the divers were discharged.

4, In the regulatory environment, one company stated that
they dealt with 32 separate agencies. This company felt
that the regulatory process was fraught with ignorance,
inexperience, amateurism, confusion, delay and outright
selfishness. Another firm stated it had to deal with 55
agencies at a cost of hundreds of thousands of dollars.

5. The following are statements from 4 firms related to
expansion: (a) holding and expanding underwater land is

a key regulatory constraint; (b) the time, money, and
energy spent by the PreSIdent and his staff on the permit
process has clearly raised the problem to an emotional
level; (c)} the most important constraint concerned new Tand
for expansion; and (d) local zoning applications have been
erratic and destructive to the establishment of new facili-
ties either in country or city areas.

The above are highlights of some of the regulatory
constraints that are affecting commercial aquaculture firms,
The picture would not be complete if I gave only one side.
The following is a statement by one of the 10 firms that
was interviewed: "The ... industry is not aware of much
restrictive regulation or may not (be) complying with a
1ot of unnecessary verbage.” I believe this statement
speaks for itself.

In summary, I believe the Federal Government is making
an attempt to enhance the deve1opment of aquaculture. The
study being supported above is an example where regulatory
constraints will be documented and, hopefully, this will
lead to legislative or procedural changes that will
alleviate some of the problems.

The development of a National Aquaculture Plan is a
very positive step. For the first time, a document will be
available which will state what needs to be done in what
order, and how much it will cost. Finally, it is hopeful
that an aquaculture bill will be passed this year. It is
interesting to note that in the regulation study, several
firms felt that this was number one priority and that many
constraints on aquaculture stem from a lack of national
recognition of this field, a declaration of aquaculture
as a national priority, and a development plan. The
minimum U.S. plan should ensure maximum interagency and
interprogram support and a minimum of duplication, confusion
and inhibiting dollar costs and delays. Simplification,
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standardization and one-stop centers can remove some
restrictions. Whether or not this will come to pass,
I cannot say. Only time will tell!

APPENDIX I

Description of Proposed Study on the State and Federal
Regulatory Impact on Aquaculture Development

Introduction

The purpose of the study is to collect information on
regulatory restrictions facing commercial aquaculture oper-
ations 1in the U.S. The information is essential to the
enactment of effective legislation for the development and
support of aquaculture. It will also be helpful to State
and Federal agencies with responsibilities in the field of
aquaculture and will assist those in the private sector who
are considering investing in fish culture projects.
A. Statement of Work

T. The contractor shall conduct a literature review

and develop a cross-referenced descriptor list
to identify the overall parameters of the issue.
~The resulting index terms with definitions shall
be used to categorize the material gathered on

the following work elements:

a. The contractor shall identify and index exis-
ting and pending federal regulations impacting
on the development and operation of commercial
aquaculture activities.

bh. The contractor shall identify and index existing
and pending State regulations impacting on the
develaopment of commercial aquaculture activities
in eight States representing six separate geo-
graphic regions in the U.S. The states selec-
ted by the contractor must be approved by the :
Project Officer.

2. The contractor shall conduct case studies of ten
commevrcial aquaculture operations in the U.5. rep-
resenting marine and freshwater species to determine
the practical effects of regulatory impacts. /These
commercial operations shall include but not be
restricted to trout, catfish, salmon, shrimp (fresh-
water and marine species) and mollusks. Each case
selected for study must be individually approved by
the Project Officer.

3. The contractor shall develop a representative flow-
chart time line utilizing information obtained 1in
the items listed above {1.a. and b., 2) to identify
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those regulations or requirements that must be dealt
with during the development and operation of aqua-
culture activities in the U.S.

The objective of this contract is to develop a data base of
legal restrictions impacting upon the development and oper-
ation of aquaculture in the U.S. for the purposes of improv-
ing or streamlining State and Federal regulations affecting
aquaculture development and to provide guidance to the
developing industry.

*
Present address: Humboldt State University, Telonicher
Marine Laboratory, Trinidad, CA.
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INVESTIBLE AQUACULTURE IN THE UNITED STATES

Harold H. Webber
Groton Biolndustries
P.0. Box 549
Groton, Massachusetts 01450 USA

INTRODUCTION

Fortuitism has been the essential force shaping the development of
aquaculture from its ancient origins in China and the Indo-Pacific region
to recent times of modern research and development programming. Probably
the first aquaculturist was Wen Wangl, who in 1100 BC in the Honan Province
of China, confined carps in ponds and studied their behavior and cultural
requirements for the pleasure and artistic value of what is now known as koi
culture. However, it was Fan Lee's PFish Culture Classic, published in China
in 460 BC?, describing the rearing of carp fishes as a food crop that may be
considered the start of the practical aquaculture for sustenance and profit
which interests us today. In the western centers of cultural development,
particularly in the Mediterranean, fish and shelifish farming was practiced
several thousand years ago, first by the Egyptians, then the Etruscans, and
subsequently, the Romans with mollusc culture in Lake Lucrine> and with
fresh and brackish water carp, eel, and mullet culture.

Throughout the long history of the development of fishfarming, the rate
of change has been extremely slow, and for the most part dependent solely
on farmers' observations and empirically encountered influences on the
growth and behavior of a few species of fish and shellfish in specific en-
vironments. Thus, observation and chance, rather than the hard evidence
from designed, controlled experiments and carefully planned pilot farm
trials had brought aquaculture as a food generating mechanism to a new point
of departure following World War II.

Technologz

Most of the recent technological advances have come from biological
scientists whose essential contributions to an understanding of the life
processes of the crop animals are crucial to the advances of the technology,
but who have often neglected to consider the problems of systems engineering,
scale, socio-economic factors, and business management. Furthermore, aqua-~
culture, like most of the bioindustries, is extremely site-sensitive, dnd is
highly dependent on the specific characteristics of the ecosystem and the
society in which it is practiced. It has long been practiced as an art,
tailored to the site and culture, and only recently, as we have gained bet-
ter understanding of ecosystems management principles, bioengineering mech-
anisms, and institutional influences, have we begun to translate the art -
by quantification, integration, and generalization - into a practical tech-
nology. This technology is now, in fact, transferable, within latitudinal
limits around the globe, with appropriate adaptation to the environmental
and social parameters of the recipient society.
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Nevertheless, aquaculture, as a food production mechanism in the indus-
trial nations, is actually in a very early stage of this kind of development,
and is only now being considered as a vertically integratable industrial
system, from sunlight to market. It can only now be subjected to a detailed
business analysis in order to present an investible enterprise to the in-
vestment community.4 ~The most prolific aquaculture practiced in the world
today, Chinese carp polyculture integrated with terrestrial animal husbandry,
achieved a moderate level of effectiveness as a substistence farming method
probably three or four hundred years ago. Then the productivity probably
did not exceed 200 to 300 kilograms of whole fish per hectare per year. It
has only been within the last twenty years, however, that in an organized
effort to respond to the pressure of the food needs of a massive population,
China has established fish breeding centers and scientific laboratories to
study the requirements for increased productivity.S Controlled, induced
spawning, selective breeding, larviculture, disease control, and nutrition
are research areas which are receiving a good deal of support., The exten-
sive use of polyculture systems has resulted in increases in productivity
to more than 10,000 kilograms per hectare per year.

In Japan, Israel, Taiwan, and some few other countries, recently includ-
ing the Philippines, similar intensification of culture technologies and
careful coordination of the many components of the complex system have re-
sulted in similar increases in productivity and economic justification.

In these countries, the national planners have recognized the urgent need
to produce high protein foods for dense human populations living on limited
arable land, The national commitment to aquaculture is firm, and the tech-
nologies, as they have matured in recent years, follow closely the analogous
methods of intensive husbandry practiced with terrestrial animals. There
is a spectrum of techniques that rangesin intensity from the methods of
wildlife management of low density populagions surviving on the natural
carrying capacity of unamended ecosystems®, yielding only a few hundred
kilograms per hectare per year, to closed, high-technology, water recycling
systems. in which all of the known environmental parameters are fully con-
trolled.’»® There is a substantial energy subsidy provided to these latter
high-technology production systems in the form of feed, water movement or
exchange, temperature regulation, aeration, etc., resulting in the very
high productivity of many thousand kilograms per hectare per year,

Intermediate between these extremes are the various systems of pond
culture in which, for instance, animal manures or commercial chemical fer-
tilizers are added to enhance primary productivity, not only for filter
feeding crop animals or obligate herbivores, but for total biomass gener-
ation. When the farming system is freed from the dependence on a natural
recruitment of juveniles from the wild population by having seed animals
supplied from a hatchery facility, then stocking rates can generally be
increased to densities far above the natural carrying capacity of the eco-
system. When this is accomplished, formulated rations must be supplied
to supplement the natural feed. Under such conditions, the natural rate
at which feces and other metabolic wastes can be assimilated by the pond
ecosystem may well be exceeded, and a further energy subsidy in the form
of aeration for increased oxidation or water exchange for increased dilu-
tion must be provided. When the latter mechanism is elected, the optimum
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form of the culture confinement becomes anisometric, and a long, narrow
raceway system proves most efficacious. Another means of accomplishing
dilution of metabolites is by cage or pen culture which depends on operating
in large water volumes, or in especially favorable hydrological conditions
with favorable currents. In these cases of high intensity culture, the
capital requirements may be quite high, but the commensurate increases in
productivity may well justify the investment.

Valliculture, as it is practiced in the Mediterraneang, and tambak-
culture in Indonesia and other parts of Southeast Asia, employ low tech-
nology, utilizing natural recruitment of juveniles for seed, no feed, and
little control of predators and competitors. 0 In this aquafarming system,
capital investment is low, the operating budget is minimal; 1labor inputs
are also low, and the required management skills are simple. Commensurate
with the low risk, the productivity is low, but generally adequate to satis-
fy the goals of the subsistence farmer or the cooperative. When the purpose
of the farming operation is subsistence of a single family unit or a village
community, the operation is viewed as a way of life. The criteria for
success or failure are those that relate essentially to the survival of the
family, and economic profit or loss is rarely measured or judged.

Even with intensification of the production system employing small
farm ponds and some degree of supplement to the natural carrying capacity
in the form of green or animal manures, natural or formulated feeds, and
some water quality management, the classic business rationale of these
essentially artisanal culture systems remains the same.ll

An aquafarming venture resulting from further intensification of pro-
duction methods utilizing numerous ponds in a coordinated system requiring
more sophisticated water control measures and structures; higher density
stocking, generally from a seed production facility such as a hatchery;
and complex, formulated rations can no longer be considered subsistence
farming. Such a system can only be operated successfully if it is cen-
trally controlled and can generate a profit and a fair return on the con-
siderable capital investment required to establish the farm. What may in
fact be a tolerable set of operating conditions for subsistence aquafarm-
ing conducted as a way of 1ife, may be a problem area of major coensequence
to corporate vertically integrated large-scale aquaculture (VIA).

It is not scale alone which differentiates between traditional aqua-
culture and the new aquatic agribusiness which can now be seen in its
incipient forms in many areas of the world. This new VIA industry may be
viewed by the investment community as being correlative with corporate
terrestrial agribusiness. It is developing without necessarily recapitu-
lating all the evolutionary stages of traditional agriculture, since the
broad data base in the biological and engineering sciences, as well as the
extensive experience with agribusiness management, provides a resource that
was not available to terrestrial agriculture during similar stages of
development.

By VIA enterprises, we mean those comprehensive aquafood businesses
which are centrally managed, so that all the components of the system,
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from the input of energy from the sun in the production phase, through proc-
essing, packaging, transport and the sale of the product in the marketplace,
are coordinated functions, and are kept in balance.? The management ration-
ale receives its guidance from market parameters, from which, it must be
realized, the enterprise gains its primary justification.

Species Selection and Market Criteria

Probably the first among the criteria that will measure the marketa-
bility of aquafoods are the traditional food habits and taboos of the
variously differentiated human cultures. From among the thousands of
aquatic plants and animals that inhabit the fresh and saline waters of the
earth, only a certain few species are being selected as favored candidates
for culture. The taste and food preferences reflect traditional availa-
bility, ease of capture or culture, preéservation in storage, ease of
preparation, wholesomeness and, of course, the degree to which the user's
basic nutritional requirements can be satisfied. In addition, social
identity and status-seeking play an important role in food preferences,
Flavor is probably used by most people as the first means of judging the
acceptability of a food.

Other subjectively judged characteristics that serve as a critical
early screen in evaluating acceptance are such appearance factors as color,
luster, and form.

A flaky and firm-textured fish flesh appears to have wide acceptance,
although there are many instances where aquatic foods of soft and 'mushy'
texture are widely utilized. Raw seafoods, such as those eaten in the
Orient, and to a lesser degree in Europe and North America, have textures
that may turn away the uninitiated - even though the flavor may be highly
rated. The aversion among some sectors of Western societies to eating raw
oysters and other molluscs in the uncooked state may be an example of this
behavior. On the other hand, among oyster-eating aficionados, the texture
of 'fat' (high glycogen) raw oysters is an important determinant in accept-
ance,

Hedonic testing of aquafoods clearly reveals that consumer preference -
and acceptance is an integration of all the factors noted above. 3 Such
testing reflects the strong influence of traditional food habits and cul-
tural experience. These important matters, along with the many biological
parameters, must be factored into the decision regarding the choice of
candidate species for the research and development programs that will lead
to domestication and commercial culture of aquatic plants and animals. S

Another group of market criteria which must be considered, relates to
problems of manufacturing efficiency such as dress-out percentages. For
example, the bone structure of a vertebrate animal will influence the dress-
out weight in -filleting, or the ratio of the weight of the exoskeleton to
the weight of marketable product in a crustacean. The meat-to-~shell weight
ratio in a shucked oyster, or the recoverable and marketable components of
the numerous other invertebrates, such as squid, that might be considered
for commercial aquaculture are other examples.
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Ultimately the essential market criteria that will influence the choice
of candidates for culture must be the size and structure of the market and

the elasticities of demand and price for the aquafood products that can be
grown.

Locating The Aquafarm

Following the evaluation and selection of the candidate species appro-
priate to satisfy a given market, and the determination of the most appropri-
ate  culture technology that can be applied to produce the product, one
must then perform a most critical judgment regarding site selection.l4 In
this regard, satisfying the ecological requirements such as water quality
characteristics, soils, meteorological criteria etc. may not be sufficient
in itself; for the economic and political climate as well as the cultural
and sociological milieu can also be limiting influences on the successful
application of a business plan that is otherwise well based on marketing and
technological judgments.

Poor judgment in site selection has in many cases in the United States
accounted for the collapse of the enterprise. Failures due to hurricanes,
water quality and supply, regulatory constraints, or acceptance of the
venture by the indigenous fishing community have occurred.

STATUS OF WORLD PRODUCTION

The last reported authoritative summary of the world status of aqua-
culture production was prepared by T.V.R. Pillay, of FAO, in 1975 in
preparation for the FAO Technical Conference on Aquaculture, held in Kyoto,
Japan. He reported some six million metric tonnes as the worldwide aqua-
culture production at that time. About four million tonnes were in finfish;
one million tonnes in molluscs, including oysters, mussels, and clams; and
about one million tonnes in seaweeds. Only 16 thousand tonnes were in
shrimps and other crustaceans. According to Piliay, most of the finfish
are produced in freshwater with over two million tonnes from mainland China
alone, and most of the remainder produced in ten nations in Southeast Asia.
The production is predominantly from the culture of several species of carps,
in a vast number of small farm ponds, employing simple technologies and
marketing methods. The entire capture fishery of the world has been pro-
ducing in recent years about 65-70 million tonnes per annum., Thus, aqua-
culture, which had doubled its production in the five years prior to the
1975 survey, accounted for about 10% of worldwide aquafood production.lS
All of the aquaculture production was for direct human consumption, whereas
only about two-thirds of the capture fishery is consumed directly as human
food, the remaining catch going into fishmeal and other industrial products.

There is a great variability among countries in their capability to
produce cultured aquafoods. For instance, China, which consumes 9 kil9-
grams, liveweight, of aquafoods per capita per annum, provides 40% of its
total fish supply by culturing 2.2 million tonnes of finfish,15, 16 India,
which consumes only 3 kilograms per capita, produces annually about 490,000
tonnes. Japan, which is the largest fishing natdion in the world, capturing
10.6 million tonnes from the seas, supplies about 10%, or 500 thousand
tonnes, of its total fish consumption by aquaculture. Japan depends heavily
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on aquafoods, consuming 75 kilograms per capita per annum. Russia produces
about 210 thousand tonnes through aquaculture and uses 28 kilograms per
capita per annum. Most of the food seaweeds are produced in Japan and Korea
and are consumed directly as human food. The macrophytic algae are also
grown for the production of industrial phycocolloids; carrageenans, agars,
and algins.

STATUS OF U.S5. AQUAFOOD PRODUCTION

The development of aquaculture in the United States had its origin
about 1850, but has not been motivated by the same economic forces which
shaped aquacultural developments in Asia. Except for oyster farming,
subsistence aquafarming found little justification im competition with
other high protein food production systems in the United States. Terres-
trial animal husbandry developments which resulted in substantial animal
protein production, particularly in the geographical interior regions,
satisfied the nutritional and gustatory need. The marine capture fisheries
contributed an additional significant share of animal protein to the coastal
communities. U.S. consumption of aquafoods remained static at about 4.5
kilograms per capita per annum for most of this century until the recent
decade when a steady increase was realized. The per capita consumption in
1978 at 6.1 kilograms is a record.li6

Although culture of warmwater fishes that subsist at the lower trophic
levels for energy efficient protein production at least cost, holds inter-
est for many U.S. research workers, there is little commercial interest yet
expressed in the culture of such important food fishes as the carps and
tilapias.

United States aquaculture has focused primarily on the culture of high-
value species including penaeid and freshwater shrimps, the salmons and
trouts, American channel catfish, oysters and other molluscs. The American
lobster, Homarus americanus, and some high-value finfish such as pompano,
Trachinotus carolinus, have received some considerable research attention.
Several undercapitalized, abortive efforts have been based on the commer-
cial culture of these luxury items, Generally, however, these ventures ‘
were poorly conceived and were not based on sufficiently sound understand-
ing of the biology of the crop animal, systems engineering of the culture
facility, or appropriate business management.

U.S. aquaculture in 1976 produced 65 thousand tonneslS, which based
on food fish, was approximately 6% of U.S. landings and 3% of U.S. con+
‘sumption. Although, in the aggregate, this cultured production is low
~ compared to U.S. consumption, the influence of culture is now very impor-
tant in some species. About 30% of our total landings of Pacific salmon,
and over half of the Columbia River salmon caught by commercial and
sports fishermen, are hatchery reared before being released into the wild
for growout. Private aquaculture produces over 40% of our oysters, half
our catfish and crawfish, and nearly all our rainbow trout. The U.S.
imports 60% of the fishery products it consumes., The trade deficit in
1978 was about $2.5 billion which represented about 30% of the total
deficit from non-petroleum products. 16, 17
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Other sectors of U.S. aquaculture include production of baitfish, marine
baitworms and tropical aquarium fishes; stocking for enhancement of natural
populations of sport fishes by federal and state hatcheries of striped bass,
largemouth bass, and trouts; experimental studies with other food species
such as pompano, anadromous Atlantic salmon, the northern lobster, eels,
dolphin fish, rabbitfish, carps, abalone, bay scallops, clams, and certain
other sportfishes, including walleye, sunfishes, pike; and low technology
culture of some marine plants.

Salmonids

The earliest aquaculture in the United States, dating back to the mid-
nineteenth century, entailed the management of salmonid populations. These
may be considered in two groups - the non-anadromous species of Salmo and
Salvelinus, e.g., rainbow trout, brook trout, cutthroat trout, lake trout,
brown trout, and their hybrids; and the anadromous Atlantic salmon, Salmo
salar, and the Pacific salmons, Oncorhynchus species, e.g., coho, chinook,
chum, pink, and sockeye. With the development of hydroelectric dams on
several of our northern rivers that interrupted salmon migration to the
spawning grounds, research in hatching and culture to the smolt stage was
undertaken to compensate for the loss of spawn and thus to sustain wild
populations. The stimulus resulting from the basic biological research and
hatchery engineering provided a greater awareness of the potential for com-
mercial fishfarming management as a means of augmenting supplies from the
catch of the wild fisheries.

Salmon

In the United States, the most valuable combined commercial, recrea-
tional, and subsistence fishery is based on the Pacific salmon resource.
The retail value of U.S. commercial salmon products is estimated at $1.2
billion annually, and the Pacific coast sport salmon fishery is valued at
$212 million.18 Over 700 thousand salmon are taken annually in the Indian
tribal subsistence fisheries, a tradition of immeasurable importance to
their culture and welfare.l8 There are more than three thousand salmon
producing streams in California, Oregon, Idaho, Washington, and Alaska,
and many of these are subjected to intense use by competitive social and . .
industrial functions as well as for agriculture and municipal waste dis-
posal. More money has probably been spent on salmon biology -and culture
in the past than for all other West Coast fishery programs combined.
Salmon culture in the United States is currently being practiced by both
public hatcheries and by private ocean ranching and pen rearing commercial
enterprises. The salmon and seagoing steelhead trout hatcheries of the
Pacific Northwest are probably the most highly developed and technically
sophisticated aquatic culture systems in the world. These hatcheries
provide fish for a large segment of the U.S, salmon fishery, and the
massive releases of juvenile salmon and steelhead trout are presently
justified by favorable benefit-cost comparisons. Currently the contri-
bution of public hatcheries to the commercial and sport fishery catch is
estimated to be 40% for chinook salmon, 45% for coho, and 5% for chum
salmon,
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The investment in public salmon hatcheries is judged to be about
$500 million, and annual operating costs are estmated at $40 million.
The northwestern states and the federal govermment produced about 385
million smolts for release to public waters in 1977-1978,

Since 1950, the U.S. commercial salmon fishery has consistently ranked
second or third in landed value among all U.S. fisheries and consistently
ranked first in landed value among U.S. finfish fisheries,19

' Food products from the traditional commercial salmon fishery are
highly valued and in considerable demand throughout the world. The markets
and distribution channels for salmon products are well established. The
United States is the largest consumer of commercial salmon products,
utilizing 28%; with Japan next, consuming 25%; followed by the USSR, 17%;
Canada at 7%; and others, primarily European countries, consuming 23% of
the world catch,Z20

World demand for commercial salmon products was estimated by the U.S.
National Marine Fisheries Service in a preliminary report, employing an
assumption of an unlimited world supply condition, at 700 thousand tonnes.
Under the same assumption, the United States demand could come to about
215 thousand tonnes. The implications are that if salmon supplies can be
increased through efficient culture technoliogy and habitat maintenance,
world demand would increase by 51%, and the United States demand by 50% by
the year 2000, 18

The world supply of Pacific salmon, as inferred from commercial catch
data, declined from its peak of 770 thousand tomnes annually during 1935-
1939 to the 400 thousand tonne level of the seventies,Zl

There is a wide range in cost depending upon the type of hatchery
technology employed in seed production, e.g., open versus closed systems,
and the number and kind of ancillary facilities, e.g., rearing ponds,
raceways, pens, etc, The capital cost of a hatchery in the U.S5., geared
to a production of approximately 22 million chinook salmon smolts, has
been estimated at $7.7 million. The annual operating cost for that scale
of production is about $475 thousand. The production cost is estimated at '
0.6-1.5¢ per smolt released for pink and chum salmon, and 2.2-12.5¢ for
chinook and coho salmon.l8

Alaska, Oregom, and California now allow private ocean ranching. In
these states, companies rear salmon in freshwater hatcheries up to migra-
tory size, condition the smolts in seawater pens, and then release them
into a river or estuary to complete their life cycle grazing on natural
food in the ocean. After maturing in the ocean, they return as adults to
the point of release where they are recaptured and marketed by the ocean
rancher. The state of Washington does not yet allow ocean ranching.
Although some considerable efforts have been made to legalize ocean ranch-
ing in Washington, opposition from the commercial salmon fishing industry
has prevented passage of introduced legislation.Z2Z
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A form of ocean ranching which is somewhat different from public
hatcheries and private ocean ranching is that operated by American Indian
tribes. By treaty, the Indian tribes are allowed special fishing rights.
These enterprises rear and release salmon which return as adults to desig-
nated tribal fishing areas that may be on or off the reservation. Tribal
ocean ranching is now underway in Alaska and Washington and is proposed for
Oregon. :

Approximately $35 million has been invested by private corporations
and regional fishery associations in ocean ranching. Twenty-four private
ocean ranching businesses are currently licensed in the three permitting
States. Approximately 40 million salmon were released in 1977 from private
hatcheries, compared to 385 million from public salmon hatcheries. Private
ocean ranchers are expected to spend about $1 million on research in 1979.
Additional private efforts will be constrained by competition from existing
ventures, for suitable locations and egg supplies. Removal or relaxation
of these constraints would allow an approximate doubling of the numbers of
privately reared and released salmon within 5-10 years, However, recently,
environmental concerns have been raised over the natural carrying capacities
of estuaries and near-shore ocean environments. A mounting conflict exists
between the traditional fishing interests and the new ocean ranchers. Pub-
lic hatcheries operate to provide adult salmon to the commercial and sport
fisheries, while private ocean ranchers want to minimize the numbers of
fish caught by fishermen and maximize the numbers of fish returning to their
recapture sites.

On an adult fish return basis, the cost is estimated at $0.90 per kg
of adult fish for pink salmon and $1.28 to $1.94 per kg for coho salmon.

The consequences of releasing very large numbers of smolts at the
lower and upper ends of the species geographical ranges are not well known.
Releases will be made at these extremes because that is where licenses are
available. Potentially high risks for the investors exist in those situ-
ations. The fine points of the life history and behavior of the fish need
to be better known in order to reduce the risk. For instance, reduction .
in genetic variability in an animal which is required to spend most of its
life in the wild is thought to be undesirable, but little scientific evi-:
dence can yet be brought to bear on this question.

Among the institutional limitations on the growth of the industry
are the permitting regulations. Approximately 31 federal, state, county,
and local government permits are required in the state of Oregon by com-
mercial ocean ranchers. The states and the federal government must /
decide whether private ocean ranching is to be encouraged. The chances of
success are marginal at best if a public fishery continues to be allowed.
Undue restriction and limitations - biological or political - will almost
assuredly preclude success.

One of the social and political constraints on the development of
ocean ranching has been the reluctance of large fisheries corporations to
enter into the business. Consequently, by default, the commercialization
is being developed by non-fisheries oriented corporations such as
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Weyerhaeuser, Crown Zellerbach and by Union Carbide which recently sold its
salmon cage rearing business to Campbell Soup. ‘

Commercial net-pen rearing involves the culture of young salmon and
trout in freshwater hatcheries and the transfer of the fish to floating
saltwater pens for continued rearing. The fish are harvested after 9-12
months of saltwater rearing and marketed when they reach 170-400 grams in
weight. Two Washington State based companies are currently producing pen-
reared salmon.

Although net-pen rearing of salmon is now marginally profitable,
certain problems limit its success. The major limitations are disease,
availability of suitable feeds, saltwater farm sites, detailed knowledge of
saltwater salmon husbandry, institutional and social barriers, and market
constraints.

Approximately $21 million has been invested by industry in pen-rearing
operations. The two companies will produce approximately 800 tonnes of
pan-sized salmon this year, plus a small amount of larger-sized fish.

Additional requirements in the technology include the development of
more manageable confinements, better fish handling and sorting devices,
improved feed delivery systems, and a means of transporting live fish from
freshwater hatcheries to saltwater net-pens with little stress,

Pen-reared salmon represent a new food product - pan or single portion
size salmon - which competes in part with trout and traditional fresh/frozen
salmon products. Pan-size salmon has not fared particularly well in the
market, and prices have been closer to trout prices than to prices of other
salmon. Cost of production is estimated at $2.20 per kilo, in the round,
which is marginally competitive with raceway trout production costs. Unless
pen-rearing of salmon can produce a very much larger fish as is done in
Norway, the economic outlook for this form of salmon culture in the United
States may not be favorable.

Trout

Trout farming in the United States is perhaps the most diverse of any
segment of public and private aquaculture. The scope of commercial acti-
vities ranges from brood stock operations which sell only eyed-eggs, to
those vertically integrated enterprises which produce and process a product
for sale in restaurants and supermarkets. /

Public hatcheries - both state and federal - produce fry, fingerlings,
and legal sized trout for distribution to public fishing waters. According
to available data, there are approximately 450 state and 100 federal hatch-
eries producing trout for distribution. The annual production is in the
range of 400 million fish, which are stocked into anestimated 33 million
acres of fishing waters.

In 1977, commercial cultured trout production in Idaho was 9 thousand
tonnes, which had a gross value of $24.7 million. Since Idaho produces
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about 90% of the nation's commercial rainbow trout, the nationai commercial
production of trout for human consumption during 1977 can be estimated at
10 thousand tonnes with a gross value of $27.4 million.

The life histories and general biological nature of the species of
Salmo and Salvelinus raised in public and private hatcheries have been well
documented. HKesearch and application of results in trout genetics have been
centered in selective breeding and in hybridization.

The nutritional requirements for trouts have been extensively studied
during the past two decades. An excellent summary of the results has been
presented by Halver.23 There are currently several commercial diets avail-
able for trout that are satisfactory. Most of the rations are of the dry,
pelleted type; however, two moist feeds are also commercially available.
Both types of feed are available in graded pellet sizes according to the
size of the fish being fed,

In cases where water quality and quantity are not limiting, the pro-
duction facility consists of flow-through raceways. Where water quantity
is limiting, either multiple reuse water systems or recycled water systems
requiring only small quantities of make-up water are employed. More
efficient water recycling systems will have to be developed for the trout
industry, since a limited water resocurce may be the chief constraint on
significant increases in U.S. trout production.

It is the opinion of many that the cost of disease management is
roughly twice what it should be when compared to such high density terres-
trial animal husbandry as poultry.

In the early days of trout farming, culture confinements were most
often earthen raceways, but in recent years, all new construction has been
with reinforced concrete. Smaller, more intensive fish rearing units are
often constructed with glass-fiber reinforced plastics or other synthetic
materials.

The day-to-day operation of a modern trout farm - whether it is a
public or a private facility - is fairly standardized and has changed
little from the beginnings of American trout culture over 100 years ago.
Eggs are incubated in various styles of incubators - some commercially
available, and some uniquely fabricated. The yolk sac fry are placed into
troughs and introduced to feed just prior to absorption of the yolk mater-
ial. The swim-up fry are raised in troughs and tanks for a short period
and then transplanted into rearing confinements - either raceways or aerated
ponds.

The majority of large trout raising facilities are vertically integ-
rated from egg production to processed fish. Several commercial facilities
produce hundreds of millions of eyed trout eggs for sale to other private
facilities, and to state and federal agencies. Egg production is now
possible on a year-round basis, thus allowing for full utilization of the
total farm facility.
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In 1973, there were approximately 250 private trout raising facilities,
410 state trout hatcheries, and 40 national fish hatcheries raising trout,
During that period, there was an estimated production of 16.4 thousand
tonnes of trout. Facility costs have been estimated at $£3.30 to $22 per
kilogram of trout produced annually.

In 1965, the average cost of producing a non-anadromous salmonid in a
public hatchery in the U.S. was $1.54 per kilogram. During the last 15
years, the average cost of raising the same fish has nearly doubled to
$2.93 per kilogram.18

During the past decade, there has been no construction of new trout
raising facilities by state and federal agencies. Higher production has
been accomplished through renovating existing facilities and through more
efficient rearing practices to increase productivity.

In 1977, the cost to the producer of raising rainbow trout in Idaho
was §$1.06 per kilogram. The processors paid $1.50 per kilogram round
weight to the producer. The processor sold a variety of products ranging
in price from $2.62 to $5.46 per kilogram. Of the sales price in 1877,
5.3% was labor, 43.7% was feed, 18% was processing cost, 10% was marketing
cost, and 23% was fixed and administrative cost and pre-tax profit. The
general consensus among the commercial trout growers is that a 5% return
after taxes is an acceptable profit margin. However, the actual net profit
is more likely to be 3-4%,

The annual increases in production costs and sales prices have kept
pace with the national inflationary rate. In some instances, particularly
with specialty products, the increased sales prices have exceeded the
national inflationary rate which has been a good indicator of the financial
soundness of the industry. In 1978, construction of new trout raising
facilities in Idaho has been higher than the level during the preceding
decade,

Although it is difficult to acquire data from commercial interests, it
is estimated that it costs $1.5 million to construct a 225-275 tonne annual
production facility. This figure includes such costs as: purchase of land,:
site development, water source development, pond construction, dwelling
construction, office and laboratory space and equipment, and the first
year's operating expenses. The 250 tonne production scale is judged the
break-even point. .

Because of the high capital outlay for construction of a modern com-
merical trout farm, together with the high risk, and the comparatively low
rate of return, the financial community is reluctant to assume large front-
end financing of trout farming ventures.

The Idaho Department of Fish and Game has gathered statistics on the
trout produced in Idaho for food in the years 1975, 1976, and 1977. They
report a production of 8.9 thousand tonnes in 1977 and a selling price of
$1.50 per kilogram in the round. This represents a moderate increase in
production over 1975 at 8.4 thousand tonnes, but a decrease in round weight
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price from $1.76 per kilogram in 1975. Prices of processed products in-
creased by _over 25% in this period, however, more than keeping pace with
inflation,24

Catfish

Catfish farming has been a valid commercial industry in the U.S. since
the early 1960's., Biological information and effective techniques for
spawning, hatching, and raising catfish are well-known and practiced. Cat-
fish are grown in ponds, raceways, and cages and are marketed as fingerlings
for stocking, as pan-size fish for food, as 'put and take' stocks for rec-
reational fishing, and as large fish for brood stock,

Catfish farming currently is the largest aquaculture industry in the
U.5. Over 3,800 operators use over 22,400 ha of water for catfish produc-
tion. More than 36 thousand tonnes of catfish were produced in 1977, twice
the amount produced in 1970, Catfish production and consumption has grown
almost 20% annually in recent years and is expected to continue at that
rate for at least another five years., Farm-raised catfish currently accounts
for approximately 2% of all fish consumed in the U.S,

Catfish farmers sell directly to processing plants, especially in
Alabama and Mississippi. Nationally about 27% of production is sold to
processing plants. Farmers sell about 31% of their production live or
dressed to local buyers. Catfish sold in recreational, fee fishing markets
represent more than 40% of the annual production, '

Total investment in the U.S. catfish industry is estimated to exceed
$2 billion, which makes commercial catfish farming one of the most capital-
intensive forms of aquaculture.

The long-range potential is difficult to assess, but much of the
acreage now devoted to catfish is suitable for other crops, such as rice,
cotton, or soybeans. Depending upon the market for these crops, the indus-
try may accelerate or decline by the year 2000.

Practical diets are now available for feeding fish destined for the: :
food markets. However, continued research in areas such as nutrient re-
quirements, ingredient substitutes, and improved feeding practices are
still required to reduce feeding costs. This item is the largest variable
in the operations budget, being approximately 60% of production costs,
Further improvement in the diets of broodfish and fingerlings is also
needed to achieve better growth rates, fecundity, and survival. i

Aeration devices recently employed enable catfish farmers to increase
productivity appreciably, but further research is needed on the development
of more energy efficient methods of aeration.

Marketing is critical to the success of the industry. Variables that
affect the quality of processed channel catfish include quality of culture
water, quality of feed, slaughter methods, bacterial content of the initial

and final product, and plant sanitation.
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Because the product is new to most of the U.S., catfish does not enjoy
long-term acceptance in an extensive marketplace. Little is known about
regional markets that may have the highest demand, or zbout price and supply
levels that achieve optimum profits. The industry has not yet measured the
effect of consumer education to stimulate demand at various price and supply
levels. Catfish farmers say that the most pressing of their immediate needs
are in the marketing area. Market intelligence, including information on
marketing alternatives, new product development, package design, and dis-
tribution practices would be of great value to existing enterprises,

Molluscs

Commercial molluscan culture in the U.S. is centered on oysters, clams,
and mussels. Abalone has been grown in a few facilities, and is approaching
commercial scale.

Oysters

U.S. commercial landings in 1978 of 23 thousand tonnes of oyster meats
were valued at $60.9 million.

In 1978, 20.3 thousand tonnes of American oyster, Crassostrea virginica,
meat came from the East and Gulf Coast states, while 2.6 thousand tonnes of
Pacific oysters, C. gigas, were harvested in West Coast states. An esti-
mated 40% of U.S., oyster production comes from private aquaculture. Although
increased by 2.25 thousand tonnes over 1977, these landings do not compare
well to a record of 68 thousand tonnes in 1908, and a mean annual production
of 31.5 thousand tonnes in the late 1940's. Imports of oysters, however,
largely from Japan and Korea, increased from 50 tonnes of meat in 1947 to
10.6 thousand tonnes in 1978. Total U.S. consumption of oysters has thus
remained between 31 and 36 thousand tonnes for the past 30 yearsé with
Japanese and Korean imports making up for lost U.S. production.

Reasons given for the decline in domestic production of oysters include
overfishing, natural disasters, diseases, and poliution. Overfishing is
said to have contributed to major declines after the turn of the century, ..
but diseases and pollution probably caused the major declines since the late
1940's. The value of cultured oysters usually exceeds 40% of the total mar-
ket value, because in most cases, they bring a higher unit price. Cultured
Long Island oysters sell for nearly $6.60/kg compared to approximately
$2.75/kg for oysters from public beds in Maryland.26 :

All oysters harvested on the West Coast come from private beds, as do
oysters from New England, New York, and Delaware Bay. The majority of
oysters landed from Maryland, the Southeastern States, and along the Gulf
Coast are taken from public beds. Laws governing private molluscan aqua-
culture vary considerably from state to state, and one must, therefore,
examine the laws carefully before initiating an aquaculture venture.

Bottom culture, with intensive management, can produce 5,000 kg/ha per
year; while public grounds, with little or no management, produce only
10-100 kg/ha per year. Studies of off-bottom culture estimate that 0.1 ha
covered by rack cultures could yield 6.5 tonnes per year.l8
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If the market could be expanded, a large potential exists for expansion
of oyster production by aquaculture. One estimate predicts an increase in
consumption of oysters in the U.S. from 34 thousand tonnes in 1970 to 56
thousand tonnes by the year 2000. Although significant increases probably
cannot be achieved by expanding the fishery of wild stocks, the technology
of private oyster culture used in other parts of the world could be applied
in the U.S. to significantly increase production.

By manipulation of environmental parameters, reproduction can be con-
trolled so that oysters can be spawned on demand throughout the year. The
growth and behavior of oysters are reasonably well understood, but the in-
dustry has not taken full advantage of this knowledge, Oysters grow much
faster and have better survival in suspended culture, but the fragile shell
that results from suspended culture due to the fast growth may affect its
marketability as a half-shell oyster.2

Considerable effort has gone into the design and operation of oyster
hatcheries. Present systems for growing small, cultchless oysters in trays
are labor-intensive and costly. Engineering research now in progress should
result in the design of low-cost, off-bottom growing systems which can be
managed with a minimum of labor. If such controlled, intensive systems
prove technically feasible, then the oyster farming industry may be stimu-
lated to new levels of productivity.

In many areas of the U.5., natural seed-setting has become sporadic
or, in some years, a total failure. To augment natural sets, commercial
hatcheries were constructed, especially on Long Island Sound and on the
West Coast where seed production is a major problem. Because of lower cost,
farmers prefer naturally-caught spat to hatchery seed. In the Maryland and
Virginia portions of Chesapeake Bay, natural setting has been light to a
total failure since 1970. Hatchery seed production is advocated to supple-
ment natural sets,

Economic incentives depend heavily on the development of new markets.
Growers recognize the necessity of developing and promoting other product
forms besides fresh oysters, but little market development has been accom-
plished by the industry. Lack of consumer demand coupled with high spoilage
losses and the problems of shucking make food store and restaurant propri-
etors hesitant to stock fresh oysters. Some retail outlets prefer the
canned product. However, the potential exists for development of improved
packaged products that will gain consumer acceptance.

Clams

The hard clam, Mercenaria mercenaria, is harvested commercially in 16
states, and in terms of employment, it comprises the largest clam fishery
in the United States. In 1978, the catch was six thousand tonnes, and was
worth $29 million, or about $18 per bushel (over 7¢ per clam). Hard clams
are usually sold by the bushel or by individual count. The prices vary for
different sizes with the smaller sizes or grades usually having a greater
value than larger clams.l
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There is a chronic shortage of the smaller size littlensek and cherry-
stones. The demand for these smaller sizes is strong and continues to in-
crease. llarvests of clams have declined in areas that have traditionally
been major producers in the past (New York, New Jersey, and Virginia). The
continued shortages and the increased prices paid for clamshave helped
create more interest in culturing clams, either as a private venture or as
a public service project to replace over-harvested stocks in public areas.

Hard clam aquaculture remains in the early stages of large scale com-
mercialization, although methoeds of spawning and growing hard clam larvae
were described as early as 1927.

A number of companies tried various methods of growing clams, but were
generally unsuccessful. The major problems were not in producing seed, but
in avoiding high mortalities and bringing the seed to market size in large
enough numbers, and at a reasonable cost. By 1970, some new technology and
new materials contributed to the development of several promising methods
for the aquaculture of hard clams.

At the present time, there are 15 companies that are culturing clams.
Six are involved exclusively in clam aquaculture, and the others are in-
volved in producing other species besides clams. There are six commercial
seed hatcheries in operation. Despite their efforts, there is a chronic
shortage of some larger seed sizes for the existing industry. This inade-
quate seed inventory forces the culturists to plant smaller sized seed, or
grow the seed to larger size in troughs or on rafts. Besides seed produc-
tion which is from a quarter to almost a half billion seed per year, the
total production of marketable sized clams based solely on aquaculture is
only about two million clams (about 8000 bu}.

In 1970, a cost analysis made by the Virginia Institute of Marine
Sciences (VIMS) indicated a favorable profit ratio could be expected if
clams were grown by the method at VIMS that was available at that time,

The price of clams has increased over 15% per year since 1976 (inflation
rate was about 8% per year during that period), and costs have been Teduced
through optimization of growing methods,

The favorable financial picture plus the reduction in catch in some of
the traditional clamming areas should encourage entrepreneurs to investi-
gate clam aquaculture, Probably the greatest lack in ciam culture develop-
ment is finance. Low interest, guaranteed loans or tax incentives would,
no doubt, encourage further development. ;

Market sized clams can be produced for about $.015 each, or about
$3.75 per bushel, plus an additional $1.75 to $2.00 harvest costs, or
a total cost of $5.50 to $5.75 per bushel. The current price of clams is
about $17 to $19 per bushel to the harvester.

There is no culture of the soft clam, Mya arenia, which was the basis
of the fried c¢lam market. The harvest of this clam has declined, and the
unsatisfied demand is being met by surf and other clams, and to some extent

recently by mussels. Some persistent research efforts in Maine promise a
commercial aquaculture of soft clams in the Gulf of Maine.
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There is no commercial culture of several other clams important to the
capture fishery, including the butter, manila, geoduck, and surf c¢lams, but
some culture activities have been undertaken, However, large scale culture
is not yet economic.

Mussels

Mussel, Mytilus edulis, aquaculture in the United States is in the
early stages of development. University researchers and private companies
or individuals have engaged in various aspects of mussel culture for several
years. The annual combined harvest from six commercial operations ap-
proaches 5,000 bushels, or approximately 34 tonnes of wet meat.

Inadequate culture, harvest, and processing technology restrain devel-
opment and expansion of the industry. Some aspects of culture and process-
ing operations must be improved, such as the design and construction of an
efficient rope-stripping device, and washing, grading, and debyssing proc-
esses. Losses from predation by sea ducks and disease are perhaps the
largest biological problems facing the mussel industry.

The quality of cultured mussels is consistently high, while marketing
of wild mussels with low-quality meats and high pearl incidence produces an
adverse influence on the industry. ‘

Although several young companies plan for rapid expansion of their
current small production, the mussel industry in the United States confronts
the need to develop a substantial market in addition to solving its product-
ion problems. The cultured mussel is generally superior to most of the
harvest from the wild, but this mollusc is not yet appreciated in the United
States as it is in Europe, and although the market absorbs the current small
production at prices favorable to the producer, a mass market demand is not
yet available.

Q;ustaceans

Crustacean foods are widely accepted by most human societies, with a
few ethnic exceptions. They generally command high prices in current mar- "
kets in the industrial countries which are frequently supply-constrained.
Most of the wild populations of the oceans have been identified, and the
dynamics characterized; and the fishing pressure is probably at maximum
sustainable yield, if not greater, This is certainly true of the wild
crustacean populations in U.S. waters which include the penaeid and pan-
dalid shrimps, homarid and palinurid lobsters, and the various crabs in the
genera, Callinectes, Menippe, and Cancer. There is a widely held consensus
that if increased supplies are to find their way into U.S5. markets, aqua-
cultural production must be the source. This may be the case, not only
because of the population limits, but also because of the increasing costof
capture due to the high cost of fuel, labor, vessels, and gear. Further-
more, most marine crustaceans of commerce occur naturally in the littoral,
or near off-shore regions of the sea, where pollution concentrations are
greatest.

In the case of penaeid shrimps, the nursery grounds for juvenile
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development are in the coastal wetlands and intertidal marshes. The
effects of pollution, and the many competitive uses and abuses of the
coastal zone are materially limiting the catches,

Penaeid- Shrimps

The persistent high market demand in the U.S. for penaeid shrimps is
the most compelling justification for public and private sponsored research
efforts to develop a shrimp aquaculture technology. For at least the past
couple of decades, shrimp has been the highest value U.S. fishery, and in
1878, ‘the landed catch at dockside earned for the shrimp fishermen $385
million. At the same time, the U.S. imported 90 thousand tonnes worth
$422 million. Such massive imports are a significant drain on our foreign
exchange, 19 '

Commensurate with the increased consumption of marine shrimps in the
U.S5. markets, the European and Japanese demand has also been very strong,
and competition for the finite supply of wild shrimp has stimulated higher
prices and further justification for investment in shrimp and aquafarming.

- High quality shrimp, particularly live shrimp for the tempura market,
has traditionally commanded high prices in Japan. High prices for shrimp
in Japan, as well as the scientific motivations, encouraged M. Fujinaga to
undertake a lifetime of research in elucidating the biology of the native
"Kuruma' shrimp, Penaeus japonicus. This fundamental research is the basis
on which U.,S5. and worldwide shrimp aquaculture technology has been con-
structed, 28

‘A major contribution to the establishment and management of high den-
sity shrimp populations came out of the efforts of Japanese and American
scientists in the past two decades to capture gravid females from wild
populations, induce spawning, manage larviculture by establishing appro-
priate environmental conditions and feeding methods, protect and nourish
postlarval shrimp through nursery and growout phases, and harvest a mar-
ketable crop. This cultural technology has been greatly augmented by the
recent successful induction of sexual maturity which frees the culturist
from 2 dependence on the procurement of wild gravid females and provides an
opportunity for the establishment of genetic improvement grograms to develop
more growth efficient breeds with improved marketability. 9

Whereas shrimp aquaculture was first investigated on the coasts of the
Gulf of Mexico and Florida, it was soon found that without the insertion of
considerable heat energy to maintain high rates of growth over most of the
year, the economics of shrimp farming in those regions were not favorable.
Consequently, as commercial, production-scale farming approached technical
and economic feasibility, U.S. shrimp farming interests were shifted to the
lower latitudes of Central and South America. Penaeid species indigenous
to the Pacific coast waters of Middle America were found to be superior to
the Gulf and Caribbean species which were the subjects of the earlier Amer-
ican studies. Penaeus vannamei and P. stylirostris, both white shrimp
species, proved to be hardy, fast-growing, easier to bring to sexual matur-
ity, and efficient in feed conversion and are now the species of choice in
current Western Hemisphere shrimp farming.30
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Although an early pioneering shrimp farming effort in Honduras, spon-

sored by Armour Company and the United Fruit Company, was stopped by a
management decision that was completely unrelated to the technical and
economic validity of the development program, it served as an encouragement
and attractant to several other U.S. investors to undertake similar develop-
ments in Central America. The Armour/United Fruit shrimp farming facilities
-were subsequently procured by General Mills and have been considerably aug-
mented to support a commercial freshwater shrimp farming venture in Honduras.

Sea Farxms of Honduras, which was initiated by venture captial support-
ing a U.S, shrimp capture and processing company, now has ConAgra partici-
pation and management.

Maricultura, 5.A., located in Chomes, Puntarenas, Costa Rica, is a ‘
commercially successful joint venture between Costa Rican and U.S. investors
with considerable financial support by International Finance Corporation
of the World Bank. =

Ralston Purina, which initiated its shrimp investigations in Crystal
River, Florida, soon after established a commercial pilot farm facility in
Aquadulce, Panama. This Panamanian facility is now being expanded to a
large-scale commercial venture. -

Several other shrimp farming efforts by smaller U.S. companies have
been undertaken in Central America and Panama. Some of these have failed
due to being undercapitalized or poorly managed, but some have favorable
prospects for success. Intensive shrimp culture technology based on the
use of highly aerated raceways and biological filtration to restore water
quality allowing for water recycling, has been studied for several years at
the National Marine Fisheries Service, Biological Laboratory at Galveston,
Texas,3l This intensive culture system was further advanced by research
and development at the environmental laboratories of the University of -
Arizona at Puerto Penasco on the Sea of Cortez in Sonora, Mexico.. This. .
work has been supported by Coca-Cola International and is being further
expanded in Mexico. ‘ :

Several major U.S. corporations and private investors have made sig-
nificant commitments in Ecuador by the insertion of capital, high tech-
nology for intensive culture, and management to vertically integrated
corporate farming, processing, and marketing. Ecuador has had for the past
decade a rapidly expanding shrimp farming activity operated at the lowest
level of technology and requiring extensive land but small additional
capital investment. The ecological endowments of large areas of the coast-
al zone of Ecuador are very favorable and have allowed for an extensive
farming system based on the confinement of a natural recruitment of
juveniles in large ponds with no feeding. This system results in 200-300
kg/ha per year of large size shrimp and has been profitable for some of the
farmers. However, there is the need for a reliable source of seed to allow
for high density stocking which will, no doubt, exceed the natural carrying
capacity of the ponds and thus, require an energy subsidy in the form of
feed, and aeration andor frequent water exchange. By the establishment of
hatcheries for seed production and feed formulating plants, an intensive
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shrimp farming system can be instituted in Ecuador which will increase the
productivity of the farms to yields in the order of 4,000-5,000 kg/ha per
year. This intensification is being accomplished by the insertion of U.S.
technology, management, and capital through joint ventures with Ecuadorian
farmers and processors.

The oldest and largest shrimp farming business in the U.S., is Marifarms,
Incorporated, located at Panama City, Florida. This operation was initially
predicated on the production of large numbers of penaeid juveniles produced
through hatchery techniques to stock a net enclosed 1,000 hectare natural
embayment. The culture environment is treated with Rotenone for removal of
predators, and heavily stocked with juvenile shrimp. However, this embay-
ment approach to culture has not proven successful due to storms, predation
and competition, net fouling, and other facilities management problems.

The company has persisted, however, and now operates its hatchery for stock-
ing large pond systems.

It has shifted from the use of indigenous Gulf species to the faster
growing Pacific whites, P. vannamei and P. stylirostris which it can procure
earlier in the growing year by purchase from Central American companies.
This enables management of a longer growing season.

Operations and expansion of the facility at Panama City are seriously
constrained by the numerous U.S. regulatory agencies which make the con-
duct of aquafarming in the coastal zone of the U.S. very difficult and
economically unattractive,.

Freshwater Prawns

Despite recent commercial failures, freshwater prawn, Macrobrachium
rosenbergii, aquaculture is steadily progressing through an early develop-
ment phase. Some twenty individual growers currently produce prawns in
Hawaii. More than 200 ha of ponds producing a crop worth in excess of
$5 million are projected for 1980. Large commercial farms on Ozhu owned
by Lowe Farms, and on Kauai, owned by C. Brewer, will contribute signifi-
cantly to the Hawaiian production.

Aquaculturists in Hawaii report production levels of 2.8-3.9 tonnes
of whole prawns per hectare per year from year round production ponds.
Overall production levels are roughly estimated to be 79 tonnes in Hawaii
in 1978 and 80 tonnes in the rest of the U.S. in the same year. /

General Mills Internationmal has a major pilot-production facility in
Honduras and markets its products through outlets in the U.S. including
its own Red Lobster restaurant chain., Other corporations have already
developed, or plan, prawn-production facilities in Central and South
America.

According to one estimate, probably $25 million in private and govern-
ment funds have been invested over the past decade in Macrobrachium farming.

Land and warm water resources suitable for Macrobrachium aquaculture
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exist not only in Hawaii, but also in Puerto Rico, the Southeastern and Gulf
states, California, and perhaps other areas of the U.S. with heated waters,
as well as in many foreign locations at the lower latitudes. Because of the
lack of knowledge regarding nutrition and the fact that feed accounts for an
estimated 20-40% of operating costs, lack of an inexpensive,appropriate diet
represents a major constraint on freshwater prawn aquaculture. The high
price of postlarvae, as high as $50 per thousand at retail, is a further
restraint on commercialization, if the venture is based on purchased juve-
niles,

Facilities and equipment for prawn aquaculture have evolved empirically
through trial-and-error, and innovative engineering studies are now required
to facilitate scale-up from research facility to pilot farm, to commercial
culture system.

Available estimates indicate that the start-up cost for prawn farming
is high compared to most other agricultural alternatives - $18,900/ha for
a hypothetical 4 ha prawn farm in Hawaii. Lack of reliable data on risks
and potential returns associated with such investments makes it difficult
for interested investors to justify the necessary capital. Because of the
high initial costs, lack of financial assistance may preclude significant
involvement of small farmers in Macrobrachium aquaculture. This probably is
not a major deterrent to the involvement of large corporations.

As volume of production increases, so does the need for processing,
especially on the mainland where nearly all shrimp are sold frozen or in
some processed form. Currently, most prawns produced in lHawaii are sold
fresh, on-ice, or aliwe. Because of the inferior image in the market of
freshwater shrimp imported into the U.S. from Southeast Asia, market devel-
opment will be required in addition to processing and product development.

Crawfish

Crawfish culture is practiced in Louisiana, Texas, Arkansas, Missis-
sippi, North Carclina, and California, Three genera have been grown, but.
only Procambarus spp. have been produced for human food. Orconectes spp.
and Pacifastacus spp. are raised for bait. i

Crawfish culture for human food in Louisiana yields from 225 to 1,125
kg/ha annually, while intensively managed Texas ponds produce about 2,250
kg/ha. Crawfish culture is generally profitable for the farmer who invests
little capital, uses little sophisticated technology, no feed, and does not
purchase young. Current prices to the farmer are about $1.14/kg live’
weight. Hectareage devoted to crawfish culture has increased from 2,400 in
1966 to almost 20,000 in 1979, Crawfish is often rotated with rice andor
soybeans.

Since crawfish are trapped over a period of months, harvesting is a
major problem in the economics of culture. Many farmers lease trapping
rights for a share of the profits. Most of the Louisiana catch is marketed
locally in the live condition. The processing capability is very limited,
and in periods of excess production, tails are dumped at very low prices,
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Crawfish farming in the U.S. has not yet been developed into a tech-
nology that is likely to be transferred readily to other environments,
since the culture practices have emerged as a consequence of very specific
ecosystem parameters.

Lobsters

For the past half-century, U.S. consumption of the northern lobster,
Homarus americanus has remained constant at about 23 thousand tonnes, with
from one-third to one-half of the supply imported from Canada.l® .The value
of the U.S. catch in 1978 was a record $64.6 million.1® The consistent, but
limited supply, and the consequent high selling price in the face of a grow-
ing demand, have provided an incentive to entrepreneurs and publically sup-
ported research centers to seek ways to increase the supply. The release
into coastal waters of juvenile lobsters reared in a hatchery as a means of
enhancing the capture fishery, was first tried as far back as the turn of
the century. There is very little confirming evidence that this practice
does, in fact, increase the catch. However, the early effort to produce
juveniles led to a better understanding of the life-cycle of this animal,
and now reproduction in captivity is readily achieved.

This command over a supply of juveniles has encouraged several efforts,
both in the U.S. and in Europe, to grow out the young to marketable sizes
in controlled environments. This research entailed not only the ongoing
quest for suitable diets which still requires a substantial portion of the
current research budgets; and studies of disease and parasite control;
but also the study of physiology and behavior of the rapidly growing animals.
The outstanding behavioral characteristic affecting culture is expressed as
aggressive territoriality. This latter characteristic has dictated engi-
neering design for growout facilities in which individual lobsters are
isolated from each other in compartments. Such a growout system demands
high capital investment, special engineering for water quality maintenance
and exchange, a feed distribution system, harvesting, and solution of other
materials handling problems. -

As a consequence of the specialized growout system, and the efforts to
enhance growth rates by improved feeds, water temperatures, flow patterns,
and so forth, the costs of producing lobsters by aquaculture have remained
high, and to date have precluded a commerical venture.

However, there is expert opinion based on empirical evidence and ob-
servations of behavior that advocates mass rearing of lobsters. Optimiz-
ing feed quality and availability and the growth environment, cannibalism
can be reduced sufficiently to enable high survival rates and commensurate
reduction of production costs to make lobster farming a commercially valid
enterprise. If this is true, lobster farming will probably be conducted
in water temperatures between 20 to 24° C, which are somewhat higher than
in the lobster's native environment. The elevated temperatures increase
growth and survival rates, and thus, enable a crop period of eighteen to
twenty-four months.

The annual price to the lobster fisherman in 1978 was $4.14/kg, but
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prices are highly seasonal and may be almost twice that amount in late win-
ter and early spring. A culture operation would, therefore, be designed to
put its product into the marketplace at the most advantageous time to real-
ize the best prices.

Baitfish

Among the most popular recreational activities in the U.S. is sports
fishing. It has become a family activity demanding a considerable expendi-
ture for travel, food and lodging, tackle, and a very sizeable expenditure
for bait. ‘

The current demand for fish bait far exceeds the natural resources, and
today the major portion of the supply of freshwater baitfish is provided
from commercial aquaculture. Whereas the culture of baitfish began as early
as 1915, it has only been in the last two decades that the demand has jus-
tified a considerable increased investment in baitfish farms. lialf of the
baitfish produced in the U.S. is produced in Arkansas in the intensive aqua-
culture of about 8,800 hectares. In 1978, there were 1,544 baitfish farms
in the U.S. using 17,600 hectares.

There are five fishes which dominate this production. In order of
importance, they are the golden shiner, Notemigonus crysoleucus, the fathead
minnow, Pimephales promelas; the goldfish, Carassius auratus; the white
sucker, Catostomus commersoni,and the chub sucker, Erimyzon spp. These
fishes command prices ranging from $2.20 to 6.60/kg wholesale, and range
over the same prices per dozen at retail. Baitfish farms often are located
on marginal land not suited for row crops or pasture, but usually net to the
farmer $500 per hectare. This is a favorable return when compared with the
returns in the U.S, of $125 to $188 per hectare for such crops as corn, soy-
beans and rice.

Modern baitfish farming is now capital-intensive, requiring on the
order of $4,000-$5,000 of investment per hectare, but the return on equity
is sufficient to warrant a continuing expansion of the industry. A con-
servative estimate of current investment in baitfish farms in the U.S. is
over $100,000,000.

There is a substantial opportunity to improve returns in the baitfish
industry by increasing productivity. Yields per hectare currently range
from 500-600 kg/ha. The application of improved technologies developed.
in the culture of other fishes should triple or quadruple the productivity
while requiring little additional capital cost and only incremental operat-
ing funds for the procurement of seed and feed. '

Potential Aquacultures

There is a group of candidate species in the U.S. which has been
studied as potential culture animals. Any one of these species may soon
emerge as a significant crop for a new aquatic animal husbandry business.
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Striped Bass

The striped bass, Morone saxatilis, is an important food and game fish
in the U.5. This is an anadromous fish which spawns in freshwater streams,
but has wide salinity tolerance and is found in fresh, brackish, and full
salinity environments. It has been successfully introduced into some reser-
voirs and lakes which now support large natural populations if they are
served by appropriate fast-running streams which provide natural spawning
grounds,

In the early 1960's, several reservoir introduction programs encouraged
efforts to rear striped bass juveniles in controlled environments. A sub-
stantial research effort resulted in the development of techniques for hor-
mone induced ovulation and spawning, larviculture, and adult rearing. There
are now twelve striped bass hatcheries in the U.S., and over 15 million
fingerlings are produced annually for stocking reservoirs and estuaries.
Although a commercial aquaculture venture was attempted in the mid 1970's
and failed, there are now several new private ventures being undertaken for
food fish production.

Large-mouth Bass

The cultivation of large-mouth bass, Micopterus salmoides, was begun
prior to the turn of the century, primarily for the introduction of the
species into new environments to enhance sports fishing. This aggressive
predator has established itself in many natural waters, and is prized by
many sportsmen as a game fish. However, in recent years, bass has been
employed as a part of a polyculture system with channel catfish in food-
fish aquaculture programs. It is used to control catfish competitors
(trashfish) in the ponds, enhancing the growth of the primary crop animal,
while at the same time creating a secondary crop which commands high
prices in the food market. Pond raised bass sell for $6.60/kg in the round,
and may soon become a primary aquaculture crop.

Pompano

The pompano, Trachinotus carolinus, is a high-value foodfish caught
from the wild on the Atlantic and the Gulf coasts of the U.S. According
to the latest statistics, only 400 tonnes per year of this fine foodfish
were landed, which may account for the high value that it commands in the
marketplace, It is appropriate to consider whether high market prices
would be sustained if a significant quantity of cultured fish were intro-
duced regularly. '

In recent years, pompano fry have been captured in the surf and con-
fined in raceways or ponds to be cultured to market size. Resistance from
the fishermen to the capture of wild fry has encouraged efforts to induce
spawning in captivity. Success has been variable, and several commercial
efforts have failed, although there is a persistent resurgence of interest
in the commercial aquaculture of this fish. There is now encouragement
that recent advances in the technology of controlled reproduction and cul-
ture of other species may be applied to the culture of pompano with success.
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FUTURE PROSPECTS

U.5. aquaculture will almost certainly follow the world trend toward
the more effective utilization of aquatic resources for food and energy
production. It may not suffer the same limitations by which other national
aquaculture programs are currently constrained, i.e., a dearth of investment
capital and competent management, but in U.S. territorial waters, aquacul-
ture, nevertheless, is seriously constrained by overwhelming cultural-legal
regulatory mechanisms. The numerous competitive uses of the environments
in which aquaculture can be practiced, both in the coastal zone and in
inland waters, make it difficult, if not impossible, for profitable busi-
nesses to be conducted.

Federal, state, and local regulatory bodies exercise such overwhelming
controls over the uses of the resources, and the design and conduct of the
business system, that the imposed risks may be greater than the rewards nec-
essary for prudent investment. To counter these institutional constraints,
there is a requirement for the society to provide commensurate incentives
to attract investment. Considerable investment is needed to support fur-
ther research and development programs and in pilot and full scale produc-
tion systems. These incentives may take the forms that terrestrial agri-
culture required to enable it to build the essential technological base and
some degree of assurance that the economic outcome of the effort would
justify the investment.

The scientific and sociopolitical climate within which U.S. agriculture
matured into the successful food and wealth generating system that it has
become, could serve as a realistic model for a parallel development in
aquaculture.

A mechanism must be created to provide incentives to the investors in
aquaculture in the forms of favorable credit terms, realistic crop insur-
ance programs, possibly some short-term tax abatement or tax credits,
accommodation of some of the more rigorous regulatory requirements, and a
greater role of the public sector in the research and development of base-
line data to guide the applied technoleogy into higher productivities and
profitability.

In view of the rigorous demands being imposed on the natural aquatic
resource in the U.S., American aquaculture is more likely to develop a
greater dependence on high-technology and high-capital demanding, intensive
systems of culture. Such production systems require the rigorous manage-
ment of closed environments, in which all of the parameters influencing the
biological and economic variables are monitored and controlled to yield the
most efficient growth and survival at least cost. Thus, freeing production
from the dependence on the vagaries of nature will enable a responsiveness,
in kind and degree, to the demands of the market. It, perforce, dictates
vertical integration to allow for central control and balance of the
numerous components of production, processing, and marketing.

The present advancing state of the biological sciences and of the arts
of bioengineering applicable to aquaculture, the demands for energy
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efficiency, and the capability in the marketplace to continue to absorb more
diverse, new, and improved foods, constitute an indomitable force shaping
the next increment of aquaculture developments in the U.S.
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