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Progress Report of the Bureau of Commercial Fisheries 
Center for Estuarine and Menhaden Research, 

Pesticide Field Station, Gulf Breeze, Fla. 

Fiscal Year 1969 

ABSTRACT 

Reseal'ch activities include studies on the fate and effect of pesticides in the 
estuarine environment. 

REPORT OF THE STATION CHIEF 

Thomas W. Duke 

The BCF (Bureau of Commercial Fisheries) 
Biological Laboratory at Gulf Breeze, Fla., 
became a field station of the BCF Radiobio
logical Laboratory (since part of the Center 
for Estuarine and Menhaden Research). Beau
fort, N.C., May 1, 1968. The consolidation 
was made to strengthen the Bureau IS re
search program in estuarine pollution be
cause radioactive materials and pesticides 
have similar effects on some plants and ani
mals. Research on the effects of pesticides 
on estuarine organisms and the fate of these 
chemicals in the estuarine environment con
inues at the Pesticide Field Station at Gulf 
reeze. 
Pesticides that enter the estuarine environ
ent can be accumulated by the commercial 

ishery organisms in these fertile waters. 
Results of laboratory experiments on the acute 
oxicity of pesticides to these organisms and 

other data indicate that residues of persistent 
esticides are concentrated in the estuarine 

food web and may become toxic to predator 
organisms. Also, the evidence is clear that 
even low levels of pesticides (below those that 
cause mortality) can adversely affect the ani

als. In addition, commercial species are 
ffected indirectly when their food organisms 
re killed or diverted to another habitat 

because of exposure to pesticides. Thus, man 
continues to damage the estuarine environ

ent by adding pesticides that insidiously 
affect estuarine organisms. 

We are continuing to study the movement of 
[pesticides through the estuarine environment 

nd to determine acute and chronic effects of 
esticides on estuarine organisms. Because 
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of recent interest in applying herbicides to 
aquatic environments, observations were made 
on the effect of Dichlobenil on the flow of 
energy through primary producers in a coastal 
pond. On a yearly basis, the rate of incorpo
ration of energy through photosynthesis by 
phytoplankton was nearly twice that in a simi
lar but unt reate d pond. Other work on popu
lations of o r ganisms includes studies on the 
effec t of DDT on the ciliate Tetrahymena 
pyriformis. As little as 0.1 p.p.m. (parts per 
million, = milligrams per liter) DDT reduced 
a population of these organisms by 14 per
cent. 

Acute (96-hour) toxic effects of several new 
pesticides on oysters, clams, shrimp, and fish 
were evaluated in the laboratory. These data 
were sent to the Pesticide Registration Divi
sion of the USDA to enable them to certify 
pesticides to be used in or near the estuarine 
environment. 

A year-long study was completed on the 
effe cts of a mixture of DD T, toxaphene, and 
parathion on the growth and development of 
oysters. The mean weight of "control" oysters 
was consistently greater than that of the ex
perimental oysters after 6 weeks exposure 
but the difference was not statistically sig
nificant until the 22d week. Tests with mirex, 
an insecticide developed to control fire ants, 
indicated that this chemical causes delayed 
toxic effects in blue crabs and shrimp. These 
experiments emphasize the urgent need for 
chronic or long-term tests with low levels 
of pesticides - - the delayed effects of DDT 
and mirex would not have been detected in a 
96-hour bioassay. 



We investigated the capacity of estuarine 
fish to avoid pesticides in water and the effect 
of these chemicals on their salinity prefer
ence. Fish avoided test concentrations of DDT, 
endrin, Dursban l , and 2,4-D, but did not avoid 
malathion or Sevin l

. Also, fish exposed to 
DDT preferred a higher salinity than they did 
before exposure. 

Physiological studies were completed with 
shrimp and fish. Shrimp exposed to 0.1 p.p.b. 
(parts per billion, = micrograms per liter) 
DDT exhibited a gradual depression of protein 
levels in their blood. Also, exposed shrimp 
had a slight necrosis of the hepatopancreas. 
Investigations of the relation between the toxi
city of organophosphate pesticides and in vivo 
inhibition of cholinesterase of sheepshead 
minnows indicated that the degree of inhibition 
of cholinesterase in brain tissue is not always 
related to mortality. 

Marine Exhibit 

The annual estuarine exhibit was held April 
28 through May 10. Sessions were held hourly 
from 9 :00 a.m. through 12 :00 noon, from Mon
day through Friday each week. Each session 
consisted of a short lecture by a staff member 
on the biology of local estuarine plants and 
animals. The lecture was augmented by living 
specimens in flowing water aquariums and 
a brief question-and-answer period (figs. 1 and 
2). The exhibit was organized and presented by 
NelsonR. Cooleyandother staffmembers. Each 
member of the Station's staff participated in the 
exhibit. Total attendance was 9,173, which in
cluded school children, BoyScouts, GirlScouts, 
and the general public. Most of those attending 
were from the Pensacola metropolitan area, but 
there were also classes from Fort Walton 
Beach and Niceville. Fla .. and Selma. Ala. 

Figure l.--Staff member presents lecture on biology of local fauna to school classes as part of annual marine exhibit. 
More than 9,000 guests attended this year's exhibits. 

1 Use of trade names in this publication does not imply endorsement by the Bureau of Commercial Fisheries. 
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Figure 2.--Students take a close look at spiny burrfish during annual exhibit. 



STAFF 

Theodore R. Rice, Center Director 
Thomas W. Duke, Station Chief 

PROJECTS: 

Estuarine Productivity 

Gerald E. Walsh. 
Thomas E. Grow 

Paul T. Heitmullerl 
Edward Matthews .. 

Experimental Environment 

Nelson R. Cooley. 
James M. Keltner, Jr. 

Chemical Assays 

Alfred J. Wilson, Jr. 
Jerrold Forester 
Johnnie Knight .. 

Laboratory Bioassays 

Jack I. Lowe ..... 
Richard B. Davison. 

Paul D. Wilson .... 

Behavior of Estuarine Organisms 

David J. Hansen. 
Stephen L. NaIl . 

Physiology of Estuarine Organisms 

DelWayne Nimmo .. 
Robbin R. Blackman 

Enzyme Systems of Estuarine Organisms 

David L. Coppage .. 

Kinetics of Pesticides 

Charles W. Miller 

Thomas W. Duke . 
Patrick W. Borthwick 

Alan J. Rick ..... 
Michael D. Schmitt. 

1 Granted educational leave. 

Project Leader 
Biologist 

(temporary) 
Biological Aid 

Do. 

Project Leader 
Fishery Biologist 

Project Leader 
Physical Science Technician 
Biological Aid 

Project Leader 
Physical Science Aid 

(transferred June 26, 1969) 
Biological Technician 

Project Leader 
Biological Aid 

(temporary; resigned 
May 9, 1969) 

Project Leader 
Fishery Biologist 

. . . . . . . . . . . . .. Project Leader 
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.Project Leader 
(transferred August 24, 1968) 

Acting Project Leader 
Conservation Aid 

(temporary) 
Fishery Biologist 
Biological Aid 

(temporary; co-op student, 
University of West Florida) 



STAFF SERVICES: 

Hughey L. Jones 

Lester W. Wolf •• 
Anice M. Reynolds. 
Edith R. Frazier •• 
Cynthia M. Herndon. 
Marilyn J. Leggett •• 

Kenneth H. Herndon •• 

Enrique Pacheco •.•• 

Lawrence R. Cannon 

Fishery Methods and Equip
ment Specialist 

Do . 
Administrative Assistant 
Clerk- Typist (part-time) 
Clerk (Typing) 
Clerk-Stenographer 

(temporary) 
Maintenance 

(retired April 14, 1969) 
D o. 

(temporary; part-time) 
Biological Aid 

(temporary; resigned Sep
tember 24, 1968) 

Wayne J. Hendon .............. ................ . Do. 

James M. Patrick, Jr •••••••.• ••••••••••••••••••• 

(part-time - - Pre s id e nt's 
Back-to-School Program) 

Do. 

Harold T. Sharrett, Jr .. 0 ••••••••• • 0 • 0 • • ••••• 0 ••• 

(part- time - - Pre s id en tis 
Back-to-School Program) 

Do. 

Archie Williams ••••••••••••• •••.•••••••••••.•• 

(part-time - - Pre s id e nt's 
Back-to-School Program) 

Do. 
(resigned October 18, 1968) 

STAFF ACTIVITIES 

MEETINGS ATTENDED AND PAPERS 
PRESENTED 

Blue Crab M 0 r tal i t Y Problem Workshop, 
PL88-309 Project, Bears Bluff Labora
tories, Wadmalaw Island, S.C., Novem
ber 20, 1968. 

T. W. Duke 
Gulf and Caribbean F ish e r i e s Institute, 

Miami, Fla., November 20-27, 1968. 
G. E. Walsh 

Southeastern Division Meeting, Entomological 
Society of America, Biloxi, Miss., Janu
ary 29, 19 69 . 

R. R. Blackman 
T. W. Duke 
D. W. Nimmo 

Blue Crab Workshop, Brunswick, Ga., Feb
ruary 10, 1969. 

A. J. Wilson, Jr. 
Annual Meeting of the Weed Science Society of 

America, Las Vegas, Nev., February 12,1969. 
G. E. Walsh - Effects of Dichlobenil upon 

physical, chemical, and biological fac
tors in a coastal pond. 

Estuarine Symposium, Columbia, S.C., April 
10-11, 1969. 

N. R. Cooley 
T. W. Duke 
J. 1. Lowe 

D. W. Nimmo 
A. J. Wilson, Jr. 

Interagency Pesticide Conference, Tallahas
!See, Fla., May 22, 19 69 . 

T. W. Duke - Pesticide research at BCF 
Biological Field Station, Gulf Breeze, 
Fla. 
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APPOINTMENTS, COMMITTEES, 
CONFERENCES, TRAINING, AND AWARDS 

T. W. Duke - Con fer e n c e, Sport Fisheries 
Pesticide Laboratory, Columbia , Mo., and 
BCF, Washington, D.C., July 8-11, 1968. 

J. Forester - Training, Analytical Geometry 
and Calculus , Pensacola Junior College, 
Pensacola, Fla., August 28 to December IS, 
1968. 

J. Knight - Training, Introduction to College 
Chemistry, Pensacola Junior College, Pensa
cola, Fla., August 28 to December IS, 1968. 

D. J. Hansen - Training, Computer Program
ming, BCF Radiobiological Laboratory, 
Beaufort, N.C., September 3-6, 1968. 

R . R . Blackman - Training, Intermediate Pho
tography, Pensacola Junior College, Pensa
cola, Fla., October 3 to December 5, 1968. 

J. 1. Lowe - Training, Technical Report Writ
ing Course, Pensacola Junior College, Pen
sacola, Fla., November 1968 to March 1969. 

N. R. Cooley - Hearing, National Estuarine 
Pollution Study, sponsored by Federal Water 
Pollution Control Administration, Mobile, 
Ala., November 21, 1968. 

T. W. Duke - Training, BCF Executive Seminar, 
Charlottesville, Va., December 1-13, 1968. 

L. W. Wolf - Training, Swimming, Skipper's 
Diving, Inc., Pensacola, Fla., January 6 to 
March 20, 1969. 

R. R. Blackman, L. W. Wolf - Traming, Pilot
ing, Seamanship and Small Boat Handling, 
Pensacola Power Squadron, Pensacola, Fla., 
January 6 to April II, 1969. 



P. T. Heitmuller - One-year educational leave, 
University of West Florida, Pensacola, Fla., 
January 7, 1969. 

' . R. Cooley - Training, Introduction to Data 
Processing Course, Pensacola Junior Col
lege, Pen sac 01 a, Fla., February 11 to 
March 11, 1969. 

A . M. Reynolds - Training, Time and Attend
ance WorkshopSession, BCFRegionalOffice, 
St. Petersburg, Fla., March 11-13,1969. 

T. W. Duke, J. 1. Lowe, and A. J. Wilson, Jr. -
Conference, U.S. Department of Agriculture 
Laboratories, Gulfport, Miss., March 20, 
1969. 

T. W. Duke _ Conference (BCF Master Plan)' 
Acting Regional Director, BCF Regional 
Office, St. Petersburg, Fla., April 15, 1969. 

D. W. Nimmo - Training, Use of Isotopes in 
Research, Oak Ridge National Laboratory, 
Oak Ridge, Tenn., April 20 to May 16, 1969. 

A. M. R e y n old s - Conference, Performance 
Evaluations, Pensacola, Fla., April 24, 1969. 

T. W. Duke - Conference, Laboratory Review, 
BCF Radiobiological Laboratory, Beaufort, 
N.C., April 27-30, 1969. 

T. W. Duke - Conference (BCF Master Plan), 
University of Alabama, Bayou La Batre, 
Ala., May 6, 1969. 

T. W. Duke - Conference (BCF Master Plan)' 
University of Georgia, Athens, Ga., May 15, 
1969. 

T. W. Duke - Conference (BCF Master Plan), 
Acting Regional Director, BCF Regional 
Office, St. Petersburg, Fla., May 27, 1969. 

R. R. Blackman, L. W. Wolf - Training, En
gine Maintenance Course, Pensacola Power 

Squadron, Pensacola, Fla., June 5 to Sep
tember 4, 1969. 

J. I. Lowe - Training, Course in Marine Bot
any, Gulf Coast Research Laboratory, Ocean 
Springs, Miss., June 9 to July 4, 1969. 

T. W. Duke, G. E. Walsh - Associate Faculty 
Members, Faculty of Biology and Marine 
Sciences, University of West Florida, Pen
sacola, Fla. 

T. W. Duke - Associate Editor, Proceedings of 
the National Shellfisheries Association. 

T. W. Duke - Committee Member of the West 
Florida Natural Resources Council. 

N. R. Cooley - Merit Award, Outstanding Per
formance as Chairman of the Station Safety 
Committee. 

PUBLIC RELATIONS 

N. R. Cooley - Judge, Nor t h we s t Florida 
Regional Science Fair, Pens acola, Fla., 
March 13, 1969. 

T. W. Duke - Guest s pe ake r, Escarosa Wo
man's Club, Pensacola, Fla., April23,1969. 

T. W. Duke - Guest speaker, Downtown Ki
wanis Club, Pensacola, Fla., April 16,1969. 

M. J. Leggett - Organizational meeting of li
brarians, University of West Florida, Pen
sacola, Fla., May 16, 1969. 

N. R. Cooley - Presented a lecture on local 
estuarine fauna to 71 Girl Scouts and coun
seled two Boy Scouts on the Oceanography 
Merit Badge. 

D. W. Nimmo - Counselling six Boy Scouts on 
the Oceanography Merit Badge. 

ST AFF PUBLICATIONS 

HAYNE, DON W., T. W. DUKE, and T. J. 
SHEETS 

1969. Pesticides in estuaries. In H. T. 
Odum, B. J. Copeland, and Elizabeth A. 
McMahan (editors). Coastal ecological 
systems of the United States, Vol. 2, 
Part 4, E-3B, p. 1075. (A Report to the 
Federal Water Pollution Control Admin
istration. Institute of Marine Sciences, 
University of North Carolina, Morehead 
City, .C.) 

HA SEN, DAVID J. 
In press. Avoidance of pesticides by un

trained sheepshead minnows. Trans. 

Amer. Fish. Soc. (accepted for publi
cation) . 

In press. Vertebral anomaly in Micropogon 
undulatus. Quart. J. Fla. Acad. Sci. 
(accepted for publication). 

WALSH, GERALD E., and PAUL T. HEIT
MULLER. 

1969. Effects of Dichlobenil upon physical, 
chemical, and biological factors in a 
coastal pond. Abstracts 1969 Meeting 
of the Weed Science Society of America, 
p.92. 

RESEARCH PROJECTS 

Research projects at the Field Station at 
G 1£ Breeze during the fiscal year investigated 
many facets of the impact of pesticides on es
tuarlne ecology. They included studies on ef
fect of a herblcide on a coastal pond eco
sy tern, effects of pesticldes on growth of 
populahons of estuarine clliate protozoans, of 
expo re to pe tlclde on the salinity preference 
of h h and then abllity to avoid pesticide pol
l tlon, nd Hects of pestlcldes on physiology 
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of shrimp and enzyme systems in fish. Other 
investigations were concerned with chemical 
assays of pesticide residues and laboratory 
bioassays that involved studies of effects of 
acute and chronic exposures of oysters, crabs, 
shrimp, and fish to pesticides as well as a 
study of the kinetics of pesticides in estua
rine ecosystems. The results of a faunal 
inventory of the local estuary are summa
rized. 



ESTUARINE PRODUCTIVITY 

Estuarine productivity studies reported here 
are concerned with effects of herbicides on 
energy incorporation and flow. Studies were 
made in the field with a view to learning , quali
tatively and quantitatively, the normal annual 
pathways of energy flow in coastal ponds. One 
pond was treated with herbicide and its energy 
pattern compared with that of an untreated 
pond. In the laboratory, studies have recently 
begun on effects of herbicides on photosyn
thesis of estuarine unicellular algae. 

EFFECTS OF HERBICIDE ON THE BIOTA 
AND ENERGY BUDGET OF A COASTAL 

POND ECOSYSTEM 

Gerald E. Walsh and Paul T. Heitmuller 

Greatly increased use of herbicides in the 
aquatic environment is a potential threat to the 
stability of estuarine ecosystems, which sup
port a large number of economically important 
species of fish, shrimp, and shellfish. Herbi
cides attack plants, whose ecological functions 
include: 1) incorporation of solar energy with 
subsequent use in food by animals; 2) produc
tion of oxygen; and 3) provision of substratum 
for other organisms. Therefore, if estuarine 
plants were adversely affected by herbicides, 
-many commercial fisheries also could be af
fected adversely. 

Although much is known about the capacity 
of herbicides to eliminate undesirable plants, 
very few data are available on how they affect 
the physical , chemical, and biological proper
ties of aquatic ecosystems. To try to deter
mine some of these effects, we treateda small 
coastal pond with a commonly used herbicide 
and compared the ecology of the pond with that 
of a similar untreated pond. We wanted to 
learn how an aquatic ecosystem would respond 
when its rooted plants , the main incorporators 
of energy from the sun, were eliminated. 
Three responses seemed likely: 1) radiant 
energy normally used in photosynthes is by 
rooted plants would be absorbed by the water 
and subsequently lost from it, 2) radiant energy 
would be trapped and diverted along new path
ways, and 3) a combination of 1) and 2). Any of 
the three responses would change the ecology 
of the pond. 

We used pond ecosystems in these studies 
because they allowed study of isolated popu
lations of several species of plants and ani
mals without tidal effects . At the same time 
we treated one pond, we sampled an untreated 
pond to estimate normal conditions. 

Methods 

Our experiments were designed to test for 
the three possible responses listed above. To 
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do this, we recorded temperature, water char
acteristics, fluctuations in numbers and spe
cies of planktonic organisms, and meteoro
logical conditions. Because pond ecosystems 
are always in a dynamic state in respect to 
incident sunlight, air temperature, wind speed, 
organism behavior, and many other factors, 
we sampled the treated and untreated ponds at 
8 a.m. and I p.m. on the same day at surface, 
middepth, and bottom at approximately weekly 
intervals. Factors measured were: dissolved 
oxygen, ' pH, nitrate, DCHO (dissoved carbo
hydrate). alkalinity, air and water tempera
tures, humidity, conductivity, salinity, and 
chlorophyll a. We estimated the amount of 
cloud cover at each sampling. We also meas
ured each week the numbers and kinds of domi
nant plankters , primary productivity, solar 
radiation, longwave atmospheric radiation, 
longwave radiation emitted from the water, 
back radiation, and energies of evaporation, 
conduction, and heat. Energy of photosynthesis 
of algae was calculated from gros s primary 
production data obtained from light- and dark
bottle oxygen studie s. We as sumed that 8 quanta 
of light, with an average energy content of 
40 Kcal/Einstein, resulted in release of one 
molecule of oxygen. 

To calculate the amount of solar energy that 
entered the water, we had to know the angle of 
incidence of the sun's rays at the time of 
sampling. This angle was calculated from the 
expression 

sina = sin <p sin 8 + cos <p cos S cos T} 

where 

a = solar altitude 
I!> = latitude of the ponds 
S = declination of the sun 
T} = hour angle of the sun. 

The following formulas were used to calcu
late energy budgets. All equations except that 
for number of calories used to heat the water 
were taken from the literature. 

Effective long wave atmospheric radiation 
(Oa): 

° 1 66 10-7 T
a

.f3 a = . x 

where 

Ta = absolute temperature of the air 
f3 = atmospheric radiation factor 

Total radiation entering water (Ot): 

0t = solar radiation + Oa 



Longwave radiationemittedfrom water (Ow): 

Ow = 0.97 If Tw 

where 

If = Stefan- Boltzmann radiation con
stant 

Tw= absolute temperature of the water 

Back radiation (Ob): 

Energy used in evaporation (Oe): 

where 

U = wind speed 
e w = vapor pressure of saturated air 

at the temperature of the w ater 
surface 

e a = vapor pressure of air 

Conducted e n ergy (Oh): 

0h = 0.00407 U P (ta - tw) 

where 

P = atmospheric pressur e 
ta air temperature 
tw = water temperature 

Energy used in heating water (0 v): 

-/ ° V = At1 h1 C!1 - TB )t1hi -
At1h1 (T1 - TB ) dhi 

where 

AL1h1 = horizontal area of the water 
column 

T = initial average temperature of 
1 the water column 

T{ = final average temperature of 
the water column 

TB = an arbitrary base temperature 
t1 hi = depth of column. 

The above methods were applied to two 
coastal ponds. Although different in size, the 
pon ds were similar chemically and biologi
c a lly. Both had basins approximately 1 m. 
de e p . Their substrata were composed of sand 
and fine particulate organic matter. Cattails 
grew along the shores. The larger pond, 0.91 
ha., was chosen to be the untreated pond be
cause fishermen were occasionally seen there. 
The smaller, 0.15 ha., was treated with 1.0 
p.p.m . of Dichlobenif (Casoron, 2,6-dichloro
benzonitrile) onApril3, 1969. We chose Dichlo
benil because it is a herbicide used commonly 
throughout the United States ' for control of 
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Chara vulgaris and Potamogeton pectinatus, 
the dominant hydrophytes of both ponds. About 
1 month after treatment, all ofthe Potamogeton 
and about 80 percent of the Chara was elimi
nated. Four months after treatment, the pond 
appeared as it did before treatment. 

Comparison of Treated and Untreated Ponds 

Representative physical and chemical data 
from both ponds show their similarities before 
treatment (figs. 3 and 4). The significant 
effect of treatment was a large increase (bloom) 
in the number of blue-green algae in the 
plankton as the vascular hydrophytes died. 
Four genera of filamentous blue- green algae 
predominated during the bloom (fig. 5). Three 
genera of zooplankton - - Diaptomus dorsalis 
(copepod), Keratella coch1earis (roUfer), and 
Gonyaulax sp. (dinoflagellate) -- also increased 
greatly in number after application of her
b i cide (fig. 6). Keratella quadrata was first 
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Figure 3.--Average monthly values (1968) for selected 
factors in an untreated coastal pond. 
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new growth of Chara vulgaris was observed; and 4) date 
of reappearance of Potamogeton pectinatus. 
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mentous algae of treated and untreated ponds . 1) Date 
of treatment; 2) date of maximum kill of vascular 
hydrophytes; 3) date at which new growth of Chara 
vulgaris was observed; and 4) date of r eappearance of 
Potamogeton pectinarus. 
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Figure 6. - -Annua1 variation (1968) in numbers of zoo
plankton of treated and untreated ponds . 1) Date of 
treatment; 2) date of maximum kill of vascular hydro
phytes; 3) date at which new growth of Chara vulgariS 
was observed; and 4) date of r eappearance of Potamoge
~ pectinarus. 

detected in the treated pond 1 week a ft er treat
ment and disappeared 6 w e e k s ~ft e r t reatment. 

As vascular h ydrophytes died. soluble nu 
trients released from the m probably were 

utiliz.ed for growth b y h 
f ilam entous algae. Th e 
sumed by z.ooplankton . 

Ave r age monthly e nergy da ta for 
p onds (fig. 7) were s im ilar excep 
g reat er incorporatio n o f e nerg y by h 
standing crop of phytoplank ~on i h 
one. 

Annual energy budgets o f t h e 
u n t reat ed ponds were s imilar (fi 
An appreciable amount of ener y not y 
counted for was, most lik ely, used in he 
s ediments and also for phot o yn h 
va s cula r hydrophytes. 

On a yearly basis, rate ofene rgyinco ~ por _ 
t ion in the treated pond t h rou gh pho osyn h 1 

b y phytoplankton was ne a rl y double ha in h 
u n t rea t ed one. Although t h e inc re a in n r y 
o f p hot osynthesis by algae of t he tr e a t d po d 
in April was undoubtedly due t o h rblcld 
annual incorporation was probably r ela ed 0 

pond morphology and de n s it y of plant tandtn 
crop. 

I n a ddition to our stu d i es , C . " . Miller 
c o nduc t ed research on pers i ste nce of Dichlo
b enil in the water and sediment of th tre ted 
pond and on uptake b y several plant and 
animals which lived there . H is data (t able 1) 
show that Dichlobenil was lo s t rapidly from 
water. sediment. plants, a n imals, and plankton. 
Almost all herbicide had d i s a ppeared 4 day 
a fter treatment. 

Ecological Implications 

It is common practice t o m ea s ure ef£ectl\ -
ness of herb icides by their abili t y to limtna 
unwanted plants in a short t ime and to m tn-
t ain the weed-free state . Although th s r 
desirable herbicidal qual i t ies, our data tndl
cate that other criteria mu s t also b applted I 
evaluation of herbicides for u e in aq a Ie 
e cosystems. 

In our expe !"iments , t h e he rbicide used h 
little or no detrimenta l effe ct on fHame 0 

blue - green algae. Con seque ntly, a va c 1 r 
hydrophytes died and s o luble nut d nts wer 
released from them to t h e wa ter, blu 
algae absorbed the nutr ie nt:, . incr 
number, and carrie d on nearly all 
photosynthesis in t h e p ond. In eff ct. tn-
creased numbers of algae main alned norm 
pond water chemistry d ri g the p nod of 
herbicide stress . W i hou t -uch a homeo 
mechanism, a large amoun of hI tn h pond 
might be expected t o b e 10 due 0 ack of 
oxygen. The use of a b r oad spec rum herblcld 
that would dest r o y blue - gr e en 1 ae ml 
have resulted in a l o s _ of ammals fro 
pond. 

The mos impo rta . t chan 
the he rbicide 'a i 
system . • 'ormal pathwa • 
d i ~'erted b ecau e !" oot ed pan er 
Energy that o u d o r dinanI' ha 'e 
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Figure 7.--Average monthly values (1968) for energy In treated and untreated ponds. Qt = total radi nt energy enterln_ 
water; Q", = longwave radiation emitted from water; Qb ;; back radiation; Qe = ener used In evaporation; Qh ;; con
ducted energy; Q¥'= energy stored as heat; Qp = energy us ed In photos},n hesl . 

and stored in rooted plants was used and 
stored in algae, thus stopping the flow of energy 
to animals that feed on bottom plants. The 
increased amount of energy available as food 
in the form of algae led to an increase in 
zooplankton. In an estuary, this situation 
would lead, theoretically, to larger numbers 
of plankton-eating animals if herbicide stress 
were maintained, and could benefit the com
mercial fishery. It must be realized, however, 
that the elimination of energy flow to vas cular 
hydrophytes would adversely affect economi
cally important estuarine species which de
pend upon them for substratum or food. 

The data presented here illustrate the inter
dependence of all parts of an ecosystem. Man 
may easily disrupt the pathways of energy 
flow and the balance among plants, animals, 
and their environment, and it is clear that 
change in one part of an ecosystem affects 
another part. Such changes need not be detri
mental, but it is important to know all the 
effects of herbicide application. Herbicides 
can be used intelligently to manage eco
systems -- not just to kill weeds. 
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EFFECTS OF HERBICIDES ON MARINE 
ALGAE 

Gerald E. Walsh, James M. Keltner, Jr., and 
Edward Matthews 

We have recently begun experiments on how 
herbicides affect unicellular marine algae. We 
have completed initial experiments USing a 
commerCial formulation of 2,4-D (2,4 -
dichlorophenoxyacetic acid) on treated attaclay 
carrier ("Aqua-Kleen"). purified 2,4-D, and 
substances extracted with artificial sea water 
from untreated attaclay carrier. 

Nine species of unicellular marine algae 
were grown in artificial sea-water medium 
treated with the above compounds. 

A photosynthesis model respirometer meas 
ured photosynethic rates during the logarithmic 
phase of growth. The measurements were 
expressed as microliters of oxygen evolved 
per milligram of cells (dry weight) , Cell s 
were also harvested on a membrane fllte r of 
0.45Jl porosity, dried, and weighed for deter
mination of standing crop. 
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, Figure 8.--Annual energy budget (1968), in Kcal./m. Z / 

year, for an untreated coastal pond. 
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Figure 9.--Annual energy budget (1968), in Kcal./m. 2/ 
year, for a coastal pond treated with 1.0 p.p.m. Dich
lobenll. 

1 
N.S. = No sample; (-) = no material available for analyses as plants were eliminated from 

pond due to treatment; Tr. = trace, less than 0 .05 p.p.m.; and Neg. = negative for the presence 
of the chemical. Unpublished data from C.W. Miller 

The first experiments demonstrated that 
the photosynthetic rates of seven species of 
algae increased when treated with Aqua-Kleen 
at 2,4-D ~oncentrations of 0.1, 1.0, and 10.0 
p.p.m. (table 2). In addition, the standing crops 
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of five species were greater than in the 
untreated cultures. 

Purified 2,4-D at the above concentrations 
did not alter rate of photosynthes is of any of 
the algae. 



When expo s ed to sea- w ate r e x tracts of 
attaclay, the phot o s ynthetic rates of s ix species 
and the standing crops of se v en species in
creased (tables 2 and 3). 

Table 2.-- Ef fe cts of "Aqua _Kleen" and atta c l ay 
extract s on photosynt het ic rates of mari ne 
unicellular algae. 

[ Amounts of attaclay a r e comparable to thos e 
used wi th 0 . 1 , 1 . 0 , and 10. 0 p . p . m. 2 ,4- D 
in Aqua- Kleen . + = i ncrease in photosyn
t hetic rate ; 0 = no e f fects ; - = decreas e 
in photosyntheti c r ate] 

Aqua- Kleen Atta clay 
Algae 

0 . 1 11. 0 110. 0 0 . 1 11. 0 110 . 0 

Chlorella A ••• + + + + + + 
Chlorella 580 . 0 + + + + + 
Plat~onas .... + + + + + + 
Nannochloris .. + + + + 0 0 
Chlorococcum .. 0 + + + + + 
Dunaliella .. • . 0 0 0 0 0 0 
Pbaeodact;ylum . + + + + + + 
Isochrysis •..• 0 + + 0 0 0 
Monochrysi s ... 

We concluded that attaclay, when suspended 
in sea water, yields a soluble substance which 
stimulates growth and photosynthetic rate in 
some marine algae. 

Tab le 3.--Effects of "Aqua_Kleen" and attaclay 
ext racts on s t anding crop of marine unicel
l u lar algae. 

[Amount s of attaclay a r e comparable to those 
used wit h 0 . 1 , 1 . 0 , and 10 .0 p.p.m. 2,4-D 
i n Aqua- Kleen. + = increase in s tanding 
crop; 0 = no eff ect; - = de creas e in 
standing cr op ] 

Aqua - Kle en Attaclay 
Al gae 

0 . 1 11. 0 110. 0 0.1 11.0 110 . 0 

Chlorella A ••• 0 0 0 0 0 0 
Chlor e lla 580 . + + + + + 
Platymonas .• • • 0 0 0 + + + 
Nannochloris •• 0 0 
Chlorococcum •• + + + + + + 
Dunaliella • • •• + + + + + + 
Pbaeodact;ylum . 0 0 0 + + + 
Isochrys i s • • •• + + + + + + 
Monochrysis .• • + + + 0 + + 

ESTUARINE FAUNAL INVENTORY 

Nelson R. Cooley 

This stu dy is the first attempt t o m ake a 
systemat i c inv e ntory of the fauna of the e s tua 
rine w aters near the Station at Gulf Bree z e . 
A manus c r ipt that describes this i n v entory 
was completed during the past year. 

The s t udy area, designated "Pensacola E s 
tuary" for convenience, is located in E sca mbi a 
and Santa R osa Counties in ext re m e north 
western F lorida. It is a normal (p o sitive) 
estuary, i. e., one in whi ch evapo rat ion is le ss 
than precipitation and runoff. Five b ays (Pen
sacola, Escambia, East, Blackwat er, a n d Little 
Sabine) and Santa Rosa Sound fo rm the major 
part of the estuary (fig. 10) . Chart ed depth s i n 
Blackwater, Es cambia, and Little Sabine Bay s 
range up to 4.6 m.; most of Pensacola Bay is 
6.1 to 9. 1 m. deep and incre ases t o about 
18 .3 m. ne ar i ts mouth. 

The type of bottom varies in the e s t uary. In 
shallow wate r areas, i t is chiefl y sand , sand 
plus shell fra gme nts, or muddy sand with or 
without g r ass beds. In deep-wate r a r e a s , the 
composition ranges from hard sand to muds of 
various consis t e ncies. In Escambia Bay, the 
muds are soft a n d sticky. In Santa Rosa Sou nd 
off Town Point , the mud c ontains sand . In 
lower Pensacola Bay , t h e mud varies from a 
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mix tu re c ontaining sand and fine shell frag
m e nts at depths of about 12 m. to sticky mud 
a t greater depths. Es cambia and East Bays 
contain isolated oyster reefs in addition to 
bottom types found elsewhere in the estuary. 

Salinity ranges from nearly that of fresh
w ater, 0. 6 to 1.0 p.p.t. (parts per thousand), at 
the upper end of the estuary to that of almost 
ocean water , 32 to 33 p.p.t. , at the lower end 
near the mouth of Pensacola Bay. Water tem
pe r atures observed during the period of this 
study w ere 10.0 to 32.70 C. Figure 11 shows a 
comparison of seasonal salinity and tempera
tur e av e r a ges during the study period with the 
decade averages, 1951-60). 

This study established a checklist of 712 
benthic and pelagic species belonging to 16 
phyla identified from systematic collections 
m a de from 1961 through 1963 at six stations 
l ocated in high-, intermediate- , and low
salinity areas in Escambia, Pensacola, and 
Little Sabine Bay s and Santa Rosa Sound and 
from casual collections made in other years. 
Sampling dates in 1961-63 approximated times 
of annual ex tremes and midpoints of the spring 
r i s e a n d a u t u mnal decline in water tempera
tu r e. B iolo g ical sampling was centered on 
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Figure 10.--Pensacola Estuary, Fla., showing station locations. 
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Figure 11. --Comparison of seasonal salinity and tempera
ture averages in the Pensacola Estuary in 1962-63 with 
decade averages for the same months from 1951-60. 

seasonal studies of hourly variation in salinity 
and water temperature during a single maxi
mum amplitude tidal cycle recorded simul
taneously at all stations. Standardized sampling 
methods included the use of a 4.9-m. otter 
trawl of 25.4 mm. stretched mesh, an Ekman 
dredge that covered about 0.1 m.1 of deep
water mud bottom, and multiple quadrats 
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(0.1 m.z by 0.15 m. deep) on shallow-water 
sand bottoms. Also, wooden "protected habi
tat" boxes, 0.1 m.l by 0.15 m. deep, covered 
with 3.2-mm. mesh hardware cloth were 
placed on the bottom near sand-bottom sta
tions to collect species made rare by pre
dation. 

The principal animals collected were mol
lusks (225 species), annelids (90 species, 
chiefly polychaetes), arthropods (97 species, 
chiefly crustaceans), and bony fishes (191 
species). Table 4 lists the most numerous of 
these. The variety of species and numbers of 
individuals were greatest in spring and sum
mer and least in winter; greatest at high
salinity stations and least at low-salinity 
stations. 

Spawning of 1 turbellarian, 7 s p e c i e s of 
mollusks, and 25 species of crustaceans, as 
well as mating of horseshoe crabs, were ob
served during the study but the limited data do 
not enable me to define the duration of any of 
the spawning or breeding seasons. 

Season, duration, and intensity of setting of 
larvae of oysters, barnacles, bryozoans, and 
serpulid worms were studied in Little Sabine 
Bay during 1960-63 (fig. 12) and in Santa Rosa 
Sound during 1962-63. 



Table 4 .--Most numerous animals collected in the Pensacola Estuary, 1961-63 

Salinity Season of areal 
Habitat2 greatest Animal 

L I H 
abundance3 

PHYLUM MOLLUSCA 

Ana chis avara - Gr eedy dove- shell ••.•••.•.•..•..•••••• X X S, SM All 
Crepidula fornicata -- Common Atlantic s lipper-shell ••• X X S, SM on Sh All 
Mitrella lunata -- Lunar dove- shell ••••••••.••••••••••. X S, SM All 
Nassarius acutus -- Sharp- knobbed nassa ••••••••••• • •••• X X X S, M All 
Nassarius ambi guus -- Variable nassa •••••••••.•••.••••• X S W, Sp, Su 
Nassarius vibex -- Common eastern nassa •.••••••••.••••• X X X S, SM All 
Thais haemastoma -- Souther n oyster drill •••••••••..••• X X SM, 0, P Sp, Su, F· , -- bury in bot-

tom in W 
Pyramidella fus~a -- Brown pyram ••••••••••••• • •••.••••• X X S, M All 
Brachidontes r ecurvus -- Hooked mussel ••••• •• •••.• • •••• X X S All 
Crassostr ea virgini ca -- Ameri can oyster ••••••••••••••• X X X S, SM All 
Laevicardium mor toni -- Morton's cockle •.••••••••.•.••• X S, SM All 
Lolli~cula brevis -- Brief squi d •• ••••••••••••••••••• X X Pell F, W 

PHYLUM ANNELIDA 

Laonereis culver i -- Nerei d polychaete ••••••••••••••••• X X X S, MS All 
Neanthes succinea -- Nere i d polychaete ••••••••••••••••• X X X S, MS, SM All 
Nereis pelagica occi dental i s -- Nerei d polychaet e •••••• X X X S, SM All 
Polydora websteri -- Spi oni d polychaete • • •••••••••••••• X X X S All 
Armandia agi lis -- Opheli id polychaete ••••••••••••••• • • X S, SM All 
Eupomatus di anthus -- Caleareous tube worm •••••• • •••••• X X R, Sh, P All 

PHYLUM ARTHROPODA 

Balanus eburneus -- Ivory ba:rn.acle •••••••••••••• • •••••• X X X R, Sh, P All 
Haustorius sp . -- Amphi})C>d ••••••••••• • ••••••••••••••••• X X S, SM W, Sp 
Penaeus aztecus -- Br own s::h:r'i mp •••••••••••••••••••••••• X X S, MS, SM Sp, Su, F 
Penaeus duorarum -- Pi nk shrimp •••••••••••••••••••••••• X SM Su 
Penaeus seti ferus -- White sllr'imp •••••••••••••••••••••• X X X SM Su 
Palaemonetes ~ -- Grass shrimp .•••••••••••••••••••• X G Sp 
Clibanarius vittatus -- Striped hermit cr ab ••••.••••••• X R, S, MS Sp, Su, F 
Clibanarius tri color -- Hermi t cr ab ..................... X MS, S, G All 
Pagurus pollicari s -- He:rmi t er a b ....................... X MS W, Sp 
Pagurus bonairensis -- Her mit cr ab • ••••.••••.. • ••.••••• X MS, G Sp, Su 
Callinectes sa12idus _... Blue cr ab .••••••..•••••••••••..• X X X S, SM, M Sp, Su, F 
NeopanoEe .!. texana -- Mud cr ab .•.••.•••••••.•••••.••.. X S, SM All 

PHYLUM CHORDATA 

Brevoortia patronus -- Lar gescale menhaden ••••••••••••• X X X Pel Sp, Su, F 
Anchoa hepsetus -- Str iped ancho1JY" ••••••••••••••••••••• X X X Pel Sp, Su, F 
Anchoa mi tchilli -- Bay anchovy •••••••••••••••••••••.•• X X Pel Su, F 
Synodus foetens -- Inshor e lizard-fish ••••••••••••••••• X X X Pel Su 
Bagre marinus -- Gaff topsail catfish ••••••••••••••••••• X X X Pel Su 
Uropbycis flori danus -- Florida hake ••••••••••••••••••. X X X Pel W, Sp 
Urophycis regi us -- Spot ted hake •.••••••••••••••••••••• X Pel Sp 
Bairdiella chrysura -- Si lver perch •••••••••••••••••••• X X X Pel Su 
Cynoscion arenari us -- Sand seatrout ••••••••••••••••••• X X X Pel Su 
Leiostomus xanthurus --- S]?<:>t ••••••••••••••••••••••••••• X Pel W, Sp, Su 
Micropogon undulatus -- Atlantic croaker ••••••••••••••• X X X Pel Sp, Su 
Lagodon rhomboides -- Finfi sh •••••••••••••••••••••••••. X X Pel Sp, Su 
Stenotomus caErinus -- Longspined porgy •••••••••••••••• X Pel Sp 

~L = Low, 10 P. p.t.; I = Intermediate, 10-20 P.p.t.; H = High, 20 P.p.t. 
G = grass beds, M = mud , MS = muddy sand, 0 = oysters, P = pilings, Pel pelagic, R = rocks, 

S = sand, Sh = shells , and 8M = sandy mud, 
J Sp = Spring, Su = Summer, F = Fall, 1;1 = Winter, and All = Year-round. 
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Figure 12.--Trends in setting of oysters and other sedentary organisms in Little Sabine Bay, 1960-63. 

Setting of oysters in Little Sabine Bay 
usually begins in Mayor June and ceases in 
October or November; peak setting period is 
usually in June. Sets as great as 4.6 per 
square centimeter per week were observed on 
individual fouling plates. Patterns of setting 
may be markedly altered by lo w salinity, such 
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as that caused in 1961 by unusually heavy and 
prolonged spring rains, or by high salinity, 
such as that caused by subnormal rainfall 
during most of 1963. 

Barnacle setting in Little Sabine Bay was 
essentially continuous from 1960 to 1963, 
halting only very briefly in the coldest part of 



the winter. Peak setting was primarily from 
February to April or May, secondarily in 
September or October. Barnacles are by far 
the oyster's chief competitor for setting space 
in Little Sabine Bay; sets have beenas great as 
45.8 barnacle s per square centimeter per week 
on individual fouling plate s during the study. 

Bryozoans set usually from May to Novem
ber in Little Sabine Bay; peak sets were during 
summer, when sets on individualfoulingplates 
were as great as 6.4 colonies per square 
centimeter per week. 

Serpulid worms set from May to November 
in Little Sabine Bay; peak setting was from 
June or July to August or September. In 1963, 
when salinity was unusually high, sets reached 
8 per square centimeter per week on individual 
fouling plates. 

Onset, duration, and setting of oysters and 
their competitors for setting space in Santa 

Rosa Sound in 1962-63 were similar, but the 
intensity was always less than in Little Sabine 
Bay during the same period. 

This investigation has (I) provided a check
list of 712 identified specie s that OCCur in 
high-, intermediate-, and low-salinity areas 
of the Pensacola Estuary, (2) identified the 
predominant animal groups found there, (3) 
supplied previously unavailable data on the 
seasonal occurrence, habitat and salinitypref
erences, and relative abundance of specific 
species, and (4) recorded simultaneously at 
six stations in high-, intermediate -, and low
salinity areas in the estuary the hourlychanges 
in salinity and water temperature that occur 
during a single maximum amplitude tidal cycle. 
This information provides baselines from 
which to meaSure future ecological changes in 
the Pensacola Estuary. 

EXPERIMENTAL ENVIRONMENTS 

EFFECTS OF PESTICIDES ON 
ESTUARINE CILIATES 

Nelson R. Cooley and James M. Keltner, Jr. 
Protozoa, with algae and bacteria, form 

t he broad basis of all aquatic food w ebs. In 
Alligator Harbor, Franklin County, Fla., there 
are more ciliate protozoans than metazoans 
per unit volume of intertidal surface sand of 
a marine beach. In Scandinavian waters, cil
i ates a~e 10 to 100 times more numerouS in 
fine sand and in localitie s with a rich growth 
of sulfur-bacteria than the total number of 
metazoans (nematode s, tur bellarians, ga stro
t r ichs, and others) found there. 

Free-living ciliates feed on bacteria, dia
toms, algae and minute protozoans, either 
singly or in various combinations, and are 
in turn eaten by other protozoans and small 
m etazoans. Although ciliates make up only a 
s m all fraction of the biomass in the oceans, 
their nutrient turnover rate is so great that 
the y maybe more important in this role than 
som e macroplankton. As predators of bac
te ria , ciliate s have an important role in 
regeneration of nutrients in aquatic eco
syst ems. Bacteria assimilate the nutrients in 
the large amounts of organic detritus that 
occur in e stuarie s, thus making them available 
to bacteria-feeders. Ciliates feed on the bac
teria and excrete large quantities of dissolved 
nitrogen and phosphorus compounds which are 
utilized as nutrients by other bacteria, thereby 
aiding bacterial decomposition or organic 
detritus. 

Increasing evidence shows that pesticides 
are entering estuaries via runoff from farm 

lands, salt marshes sprayed to control mos
quitoes, and beaches sprayed to control stable 
fl i es (Stomoxys calcitrans). Some of these 
pesticides are highly toxic to such estuarine 
animals as s hrimps, crabs, oysters, and fishes. 

Also, certain food organisms are affected. 
The abundance of ciliate s in aquatic eco 
systems and their importance as nutrient 
regenerators and as food for other organisms 
are such that any significant increase or 
decrease in their population density should 
be reflected at other trophic levels. 

For these reasons, we begananinvestigation 
of how selected pe sticide s affect local e stuar
ine ciliates. 

Goals 

The goals of the study are to learn: 

1. If and at what concentrations these pes
ticides are toxic to ciliates; 

2. If ciliates develop resistance to these 
pesticides; 

3. If ciliate s concentrate and store the 
pesticides, thereby aiding in their trans
location through the estuarine food web; 

4. How toxic effects of pesticides are pro
duced and which metabolic processes 
are affected. 

Methods 

We have studied both agnotobiotic and axenic 
cultures of ciliates. An agnotobiotic culture is 
one in which one or mOre identified species 
is grown in a medium that contains a mixed 
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unidentified bacterial flora. A n a xe n i c c ulture 
is one in which a single ident ifie d spec ie s is 
grown in a sterile medium that is fre e of all 
other organisms. 

Agnotobiotic cultures.--During the pa st 
year, agnotobiotic mass cultures de rived fro m 
enriched field samples collecte d in San ta 
Rosa Sound adjacent to Sabine Island were 
established in sea water containi ng uncooked 
rice grains or in 0.1 percent (w/v) C e rophyl -
ASW (artificial sea water) infusion 1. C iliate 
specie s encountered in enriched fie ld s ample s 
are being identified as quickly as possible . 
The following have been identifie d so fa r: 

Order Gymnostomatida 
Lacrymari a sp. 
Litonotus sp. 

Order H y menosto m atida 
*Frontonia sp. 
* U ronema sp. 
* Cohnilembus sp. 
*Glaucoma? sp. 

Order Perit r ichi da 
Vorticella sp. 

Order Hypotrichida 
*Euplote s charon 
*Uroleptopsis sp. 

Those mark ed w ith an asterisk were es t a b 
lished in clonal cultur e s on m ixe d unknow n 
bacte ria brought into the cultu re s wit h the 
ciliates. Many of these clone s d ied a f t er v a ry
ing pe riods of time. Culture s of t h e fo llo wing 
clone s are still b eing maintained: 

Ciliate Medium 

Glaucoma? sp., #8.1a Tetrahymena broth2 in ASW+ 
unknown bacterial sp. 

Unidentified, #2-4A 0.1 per cent Cerophyl infusion 
in ASW + unknown bacterial 
spp. 

Euplotes charon, #AA ASW + rice grain + mixed un
known bacterial spP. 

0.1 percent Cerophyl infusion 
in ASW + at least 2 unknown 
bacterial spp. 

Axenic cultur e s.-- Attempts to axenize clonal 
culture s hav e so far been u n succe s sful. Bac
terial populations were redu ced greatly by 

lcer ophyl = a vitamin- rich powder prepared from de
hydrated cer eal leaves . RILA salts, 24.0 P.p.t. salinity 
in Pyrex-distilled water . 

2proteos e peptone, 2 per cent; yeast extract, 0.1 per
cent; dextrose, 0.5 per cent; RILA salts, 24.0 P.P.t. 
salinity in dis tilled water. 

washing the ciliates repeatedly in sterile ASW 
befo r e transferring to test tubes of sterile 
Te t rahymena broth in ASW of 24.0 p.p.t. 
salinity plus 1,000 units potassium penicillin-G 
and 0.1 mg. streptomycin sulfate per milliliter. 
Bac terial growth was inhibited and not apparent 
until the fifth day, when it reappeared as a 
film on the wall of the te st tube. Growth of 
ciliates in this medium was slow but increased 
rapidly as the bacteria multiplied, indicating 
that the medium alone is Ie ss nutritious than 
the medium plus bacteria. 

Weare now attempting to axenize our cul
tUre s by means of an experimental bactericide, 
2-amino- S-( l-methyl-S -nitro- 2-imidazolyl}-
1,3,4 t hiadiazole. When the unidentified mixed 
bacterial flora found with unidentified ciliate 
strain #2-4A grown in 0.1 percent Cerophyl 
infusion in ASW is transferred to fluid thio
glycollate medium used to test sterility, the 
flora grows rapidly and luxuriantly. Similar 
bacterial growth OCcurs in this medium plus 
t he bactericide at 0.001 mg./ml., but bacterial 
growth is greatly inhibited by the bactericide 
at 0.01 mg./ml. and completely eliminated at 
0.1 mg./ ml. The ciliates do not grow in fluid 
thioglycollate medium; therefore, we plan to 
test the herbicide for toxicity to the ciliates 
in 0.1 percent Cerophyl-ASW infusion in which 
both ciliate s and bacteria will grow. If the 
bactericide eliminates the bacteria without 
harming the ciliates, it will be a useful tool. 

Because of difficulty in axenizing local cil
iates, a stock of Tetrahymena pyriformis, 
axenic strain W, was obtained for use inestab
lishing and refining our experimental methods. 
The a nimals were grown at 26 0 C. on 10 m!. 
of Tetrahymena broth in 18- by lS0-mm. 
bacteriological te st tube s closed with poly
propylene caps. The tubes were slanted at a 
600 angle during incubation to increase the 
surface available for gaseous exchange be
tween medium and air. Population growth is 
determined turbidimetrically with a Bausch and 
Lomb Spectroni c 20 spectrophotometer using 
monochromatic light at S40 mil wave length. 

Toxicity Tests 
The main effort was directed toward learn

ing whether selected pesticides are toxic to 
ciliates. Since many pesticides are slightly 
soluble or insoluble in sea water, it is neces
sary to dissolve them in a solvent that is 
miscible with water before adding the pesti
cide to the culture medium. Suitable solvents 
for the pesticides themselves must be tested 
for toxicity against the te st organism . 

. Solvents.- -Acetone and Carbowax 2003 (pol
yethylene glycol 200) have been used routmely 
in this laboratory as solvents. For example, 

3Carbowax 200 = polyethylene glycol, average mole
cular weight 200. 



1,000 p.p.m. p,p'_DDT can be dissolved in 
Carbowax 200 with mild heat. 

In culture s of Tetrah-gnena grown on Tetra
hymena medium at 26 C. from log_phase 
inocula, 0.1 percent (v/v) Carbowax 200 ap
pears to have little effect on final population 
size attained at 96 hours, and growth rates of 
control and experimental culture s are similar 
(fig. 13). Concentrations of Carbowax 200 
greater than 1 percent cause osmotic stress, 
and marked shrinking of individual ciliates 
is rapidly apparent at 10 percent. 

Pesticide.--DDT is long-lived and has been 
widely used for nearly 30 years; its residues 
oCCur widely in animals and are worldwide 
in distribution. Also, it has become more or 
less a "standard" for relative toxicity effects 
or a reference insecticide. We have, there
fore, begun testing the effect of DDT on ciliate 
population growth. Tests with Tetrahymena 
pyriformis, strain W, grown at 26° C. on 
Tetrahymena medium are in progress. 

So far, data from cultures of Tetrahymena 
pyriformis, strain W, grown in test tubes at 
260 C. on Tetrahymena medium containing 
final concentrations of 0.1, 1.0, and 10.0p.p.m. 
p,p'-DDT and 0.1 percent Carbowax 200 (fig. 
14) show that population growth decreases 
with increasing concentration of DDT. As 
measured by absorbance, populations at 96 
hours are reduced 13.8 percent by 0.1 p.p.m. 
DDT, 20.2 percent by 1.0 p.p.m., and 25.7 
percent by 10.0 p.p.m. The data sugge st that 
:!:. pyriformis I strain W, maybe more sensi
tive to DDT than are Paramecium multi
micronucleatum and p. bursaria, which have 
been reported to show "no adverse effects" 
when grown for 7 days in medium containing 
1 p.p.m. DDT and 0.1 percent acetone, although 
DDT accumulated in the cells of p. multi
micronucleatum was 264 times, and in E. 
busaria 964 times, greater than in the me
dium. 
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Figure 13.--Effect of Carbowax 200® on growthofapo!u
lation of Tetrahymena pyriformis, strain W, at 26 C. 
For each datum, n = 10. 
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Figure 14.--Effect of p,p'-DDT on growth of a population 
Tetrahymena pyriformis, strain W, at 260 C. For 
each datum, n = 10. 

CHEMICAL ASSAYS 

Alfred J. Wilson, Jr., Jerrold Forester, and Johnnie Knight 

The purpose of the chemical assay project 
is to provide pe sticide re sidue analyse s for 
all re search projects at the Field Station in 
Gulf Breeze and the Bureau's National Es
tuarine Pe sticide Monitoring Program. In 
addition, we cooperate with Federal and State 
agencie s in the analysis of sample s for pe sti
cide residues and provide consultation for 
pesticide residue laboratories that are being 
established. 
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In pesticide residue analysis, we have to 
pay careful attention to detail to ensure that 
the sample does not become contaminated 
before and during the analysiS, and that the 
pesticide is not lost. Tissue samples are 
usually extracted on a Soxhlet apparatus 
(fig. 15) and the extract is purified to remove 
interfering material. The purified extract is 
then injected into a gas chromatograph (fig. 
16) for qualitative and quantitative evaluation. 



Figure lS.--Soxhlet extraction of pesticide r es idues . 

a 
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Figure 16.--Injection of pesti c ide sample i nto gas 
chromatograph. 

Because the techniques of residue analysi s 
are difficult to learn, a manual has be e n p re 
pared for the analysis of chlorinate d pe st i 
cides in the marine environment. This m a nua l 
has been distributed to the Bureau's c on t rac t
ing agencies to standardiz e the me t h o d s of 
pesticide residue analysis for the ational 
Estuarine Pesticide Monitoring P rog r a m . 

During the year, we analyzed 988 samples 
for research projects at the F ie ld Sta t ion in 
Gulf Breeze and l,642 samples fr om monitor 
stations along the Atlantic, Gulf , a nd Pacific 
coasts. Also, we analyzed pe sticide residues 
in samples from the follo ,ving Federal and 
State agencies: BCF B iolog ic a l Laboratories 
at Oxford, id., Se attle, Was h . , Elford, Conn . , 
and Galveston, Tex.; U .S. Army Corps of 

were seagrasses, 
seals, and whales} . 

In addition, we coop rat 
Public Health Se rvic 
the effect of pestICide 
of oysters . We began pr hmln ry 
de termine the stability of pe 
wa ter. We investigated analytic 
the analysis of 2,4-D in seagr 
s ions of t he se studle s follow . 

EFFE CT OF PESTI IDE~ 01 TRACE 
METAL CO TE TT OF OY TERS 

of cadmium, chromium, 
magnesium, manganese, 
change signifIcantly. 

STABILITY OF PE TICIDE 
~EA WATER 

preilmlnar' e 



Table 5. - -Stability of pesticides ifi natural 110 r 
(salinity 2Q.a p.p.t.; pH 8.1) 

Dnya after stort cf exper1m.en 
Pesticide 

~I 0 1 6 I 17 I 21. .38 

P.p.b. P.p.b. p. p. b. ~. ~ !:.E:...:. 
p,p'-DIYr ..... 2.9 .75 1.0 l~ .lh 

p,p'-DDE", . .O'lt;, .Q.5 034 .07 
p,p'-DDD* .. .081 038 • OJ" 

Aldrin-.•... 2.6 .58 IJ (II (,.(,1 

Dieldrin", . .74 1 0 75 .~ 

Malathion .... 3.0 0.2 <0.2 
Parathion .... 2.9 1. I 25 ::,. C .71 • 11 

if>\etabolites of parent canpound. 
-From the seventeenth doy onvar<1, l. unid n ifi d pe lCB ap

peared on the chromatogrophio charts oNer 01 rin ha e 

2,4-D A ALY IS 

LA BORA TORY BIOA . YS 

J ack 1. Lowe. Paul D. WIlson. and RICh rd B. D: v on 

New pe sticide s are continually bemg d -
veloped for commercial use, and som of these 
compounds will be used in Or near estuaries. 
Therefore, there is continuing need for d -
termining both acute and chronic toxlcity of 
these chemical pesticides to commercially 
valuable marine species . Laboratorybloassays 
have been made at this station smce 1961. 
Several new chemicals received during the 
year were evaluated on shrimp, fbh, and 
oysters . We devoted much of our effort to 
long-term bioassays involving the chromc 
exposure of selected marine species to low
level pe s ticide pollution. 

ACUTE TOXICIT Y STUDIES 

Short - term bioassays do not prOVide con
clusive data, but they do provide informatlOn 
on the relative toxicity of pesticides to dif
ferent species of marine organisms . Table 6 
shows median toxicity v a lue s of selected 
compounds screened during t he year . The 
order of toxicity varies gre a tly with shrimp, 
fish, and oys ters . As a g rou p, insecticides 
are more toxic to all form s other than pe s ti 
cides, but the r e are excepti ons. T he fun g icide , 
Delan, and the expe rimental antifouling age n t , 
ET-546, were extremely toxic to oyster s. 

CHRONIC TOXICITY STUDIES OF 
OYSTERS TO DDT, TOXAPHENE, 

AND PARATHION 

A year -long laboratory study was com
pleted on the effects of a mixture of three 
insecticides (DDT, toxaphene, and paration) 
on the growth and development of American 
oysters. These thr.ee compounds are the most 
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commonly sed agncul u 
northwest FlorIda. lndlvld 
n hon h y r acu ely 
(tabl 6). Th oyer 
tank of floWlng a wat 
th experlm nts I h 
oyste r m e ch of two 
pump contmuou ly me ered 
of th three pe ICldes m 0 he expe nmen.al 
tank to glv a te t concent aLon of 1 .0 p .p .b . 
of each of the three In ecttclde . Analyse o f 
the test water each month vedf"ed he pre -
ence of th three m ec ICIcles . The cor. ro ank 
received the am amo nt of olvent Wl t ho t 
pesticides. Testoyster wereca=ef !lyc _aned 
and weigh d mdlvldually each 'eek ; . e In 

wate r 'eightng technique (fi . I ) p r o .... ed to be 
a sensitive method fo~ mea", - i ng ' ndividua l 
variatlOn~ in grov.'th. Random s amples of 
control and expe nmental oy ter s 'e - e m ade 
at 3- , 6 - , 9 - , and 12 - mont h s i nt e r v a l s for 
pesticide re!>ldue anal}' e and 6-, -, and 
12 - month intervals for pa t hologic al e xamina
tion. 

Experimental oy"ter s we r e expose d con
tinUOUsly fo r 9 mont hs t o t he pestic ide m i xture 
and then held in cle a n flowing sea water for 
an addi t i o nal 3 month s. The mean weight of 
t he contro l oyster s ",'as cons i stently greater 
than tha t of t he e xper imenta l s after 6 weeks 
of exposu re, bu t t he d ifference was not sta
t i st i c a lly s i gn ificant ( P <O.05) until the 22d 
week (fig. 19). Afte r 9 months, the control 
oysters outwe i ghed (mean in- water weight) 
the expe r i mentals by a bout 3 g. Thi s dilfe rence 
represents 12 percent of the total body weight 
of the experimental oysters. At the end of 12 
months, the mean weight difference was still 
about the same. 

Experimental oysters concentrated the 
chlorinated hydrocarbons, DDT and toxaphene, 



Table 6.--Relative toxicity of selected pesticides to shrimp, fish, and oysters 

[Rank in toxicity is shown in parentheses; (1) = most toxic and (11) or (12) = least toxi~ 

Pesticide 

Insecticides: 
Dursban ............... . ........ . 
Parathion .................. ; ... . 

DlJI' • ••.••.•..•.••.••.....••••••. 
Toxaphene ...................... . 
DDT + Toxaphene + Parathion .... . 
Landrin ........................ . 

Abate 4-E ...................... . 

Herbicides: 
Igran .......................... . 

Weed-B-Gon (2,4-D + 2,4,5-T 
formulation) ................. . 

Fungicide: 
Delan .......................... . 

Miscellaneous compounds: 
Corexit 7664 (oil-spill remover) 

ET-546 (arsenical antifouling 
agent) ........................ . 

Shrimp 
48-hour EC50

1 

P.p. m. (mg.!liter) 

0.0002 (1) 
0.0002 (2) 

0.0006 (3) 
0.0042 (4) 

0.0042 (5) 

0.020 (6) 

No effect at 1.0 
p.p.m. (9) 

No effect at 
1.0 p.p.m. (10) 

0.15 (7) 

Fish 
48-hour EC50

2 

P.p.m. (mg.!liter) 

0.0032 (2) 
0.015 (4) 

0.0028 (1) 
0.028 (5) 

3.2 (7) 

No effect at 1.0 
p.p.m. (9) 

20% mortality at 
1.0 p.p.m. (8) 

Irritated at 
100.0 p.p.m. (10) 

0.010 (3) 

No effect at 1000.0 No effect at 1000.0 
p.p.m. (11) p.p.m. (11) 

10% mortality at 
10.0 p.p.m. (8) 

0.15 (6) 

Oysters 
96-hour EC50

3 

~ (mg.!liter) ; 

0.27 (8) 
22% decrease at 1.0 

p.p.m. (10) 
0.010 (3) 
0.038 (4) 
0.05 (5) 

No effect at 1.0 
p.p.m (n) 

0.17 (6) 

1.0 (9) 

0.19 (7) 

0.0086 

26% decrease at 
32.0 p.p.m. (12) 

0.0021 ( 1) 

148-hour EC50 Concentration of pesticide in sea water causing 50% mortality or loss of equi

librium to juvenile penaeid shrimp. 
248-hour EC50 = Concentration of pesticide in sea water causing 50% mortality to juvenile 

killifish (Fundulus similis). 
396-hour EC50 = Concentration of pesticide in sea water causing 50'{0 decrease in oyster shell 

growth. 
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Figure 17. --Chronic exposure of 
oysters to low-level pesticide 
pollution. 



Figure l8.--0ysters are weighed suspended in water. 
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Figure 19.--Comparison of the growth rate (mean in-water 
weight of 100 young oysters) of control oysters and 
oysters chronically exposed to 1.0 p.p.b. each of DDT, 
toxaphene, and parathion. The vertical dotted line repre
sents the point at which the pesticide exposure was 
halted and the oysters were placed in clean water. 

to relatively high levels, but apparentlymetab
olized parathion, an organophosphorous com
pound, very rapidly. At the end of 6 months 
exposure, a homogenate of five experimental 
oysters contained residues of 91.0 p.p.m. DDT 

(DDE + DDD + DDT ), 30.0 p.p.ln. toxaphene, 
and 0.36 p.p.ln. parathion. After 9 lnonths, 
a homogenate of 10 oysters contained 42.0 
p.p.ln. DDT (DDE + DDD + DDT), 9.0 p.p.ln. 
toxaphene, and 0.07 p.p.ln. parathion. After 3 
months in clean water, the relnaining oysters 
contained no toxaphene or parathion and only 
background levels (salne as controls) of DDT . 

Histopathological examination of the oysters 
by a consulting pathologist revealed con
siderable structural change that was apparently 
due to the pesticides . Oysters exposed to the 
pe sticide s had pathological conditions m the 
kidney, visceral ganglion, tissues beneath the 
gut, gills, and digestive tubules. These tissue 
changes were present after 6 and 9 lnonths . 
Each of 10 experilnental oysters examined 
froln the 9-lnonth exposure had a lnycelial 
fungus that was not pre sent in the control 
oysters. The exposure to pesticide appeared 
to cause a breakdown in the oyster's natural 
defense against thlS parasite. In general, 
experilnental oysters held in clean water for 
3 lnonths showed less structural change than 
those exalnined at the end of the 9-lnonth 
exposure period. Therefore, under these ex
perimental conditions, oysters subjected to low 
levels of DDT, toxaphene, and parathion are 
capable of repairing certain pesticide-dalnaged 
tissues when placed in nonpolluted water . We 
were unable to lnake an intensive study of how 
exposure to pe sticide affects reproduction, but 
both control and experilnental oysters had 
viable eggs and sperlnatozoa at the end of the 
9-lnonth exposure. Eggs of both groups of 
oysters developed to the 24 - hour trochophore 
stage when fertilized artificially. 

We are now studying the effects of DDT, 
toxaphene, and parathion separately on popu
lations of oysters, using the techniques de
scribed above. 

EFFECTS OF MIREX ON CRABS, 
SHRIMP, AND FISH 

22 

The use of lnirex (Dodecachlorooctahydro- 1, 
3, 4.lnetheno-2H.cyclobuta [cd] pentalene) to 
control ilnported fire ants in coastal areas 
of the southeastern United States is causing 
some concern about its effects on estuarine 
organislns. We previously reported this com
pound to have a relatively low acute toxicity 
to marine crustaceans. Experiments cOlnpleted 
this year, however, show that lnirex has 
delayed toxic effects on crabs and shrilnp. 

Juvenile blue crabs and pink shrilnp showed 
no symptoms of poisoning during a 96-hour 
exposure to 0.1 p.p.m. technicalmirexinflow
ing sea water. All of these crustaceans, how
ever, became irritated and paralyzed, and then 
die d wi thin 18 da ys afte r be ing plac e d in cle an 
water (fig. 20). About 30 percent of the shrimp 
and 20 percent of the crabs were dead or para
lyzed after 10 days, and 80 percel)t of the 
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Figure 20.--Delayed toxic action of mir ex to juvenile 
penaeid shrimp and blue cr abs. The s hrimp and crabs 
showed no s ymptoms of poisoning at the end of a 4- day 
exposure (vertical dotted line) to 0.1 p.p.m. technical 
mirex, but became paralyzed and died within 22 days. 

shrirn.p and 60 percent of the crabs a fter 15 
days. This was our first encounte r wit h de
layed toxicity of a pesticide to rn.a r ine CrUS
taceans. 

Mirex bait (the actual forrn.ulat i on u sed in the 
field to control fire ants) also c ause s delayed 
toxicity to juvenile blue crabs. Mi re x rn.ay a ct 
as both a contac~ poison (as s h own in the ex
perirn.ent above) and a storn.ach poison to srn.all 
crabs. In prelirn.inary expe r irn.ents , srn.all 
crabs placed in tanks containing several 
particles of Mirex Granulated Bai t 4X (84.5 

perc e nt co r n cob grits, 15.0 percent soybean 
oil, and 0. 3 p e rc e n t rn.irex) becarn.e paralyzed 
within 7 days. In a s irn.ulated field application 
(1.25 pounds pe r ac re) of the bait, individual 
crabs (20-30 rn.rn. . carapace width) were para
lyzed within 3 t o 14 days by a single particle 
of the bait. T he crabs were held in corn.part
rn.ents in flo w ing- water (400 liters per hour) 
aquar iurn.s containing one crab and one particle 
(average weight 1.5 rn.g.) of bait per corn.part
rn.e nt . In several instances, crabs picked up the 
par t icle of bait and were observed "chewing" 
with t heir rn.a ndible s. Seventy- six percent (19 
of 2 5) of the crabs were dead or paralyzed 
2 we e k s after receiving the rn.irex bait. No 
m orta lity o r paralysis occurred in 25 control 
c rab s . T he availability of fire ant bait to 
fee d ing cra bs should be considered inevaluat
ing the effect of field application of this 
rn.aterial on estuarine organisrn.s. 

Pinfish do n ot appear to be affected by 
rn.irex ei ther in their food or in the water in 
w h ich they live. Test pinfish lived 5 rn.onths 
on a diet containing about 20 p.p.rn.. technical 
rn.irex. Mirex bait was also generously applied 
to the bo ttorn. of their holding tank. The fish 
had no s yrnptorn.s of pe sticide poisoning during 
the experirn.ent, but they concentrated high 
residues (30-40 p.p.rn..) of rn.irex in body 
tissues. Eight weeks after the exposure, fish 
still contained an average of 18.0p.p.rn..rn.irex 
in their tissues--indicating that rn.irex is not 
easily rn.etabolized. 

The se experirn.ents with rn.irex further ern.
phasize the need for studie s to evaluate the 
long-terrn. effects of pesticides. 

BEHAVIOR OF ESTUARINE ORGANISMS 

David J. Hansen 

Behavioral re sponse s of estuar in e or
ganisrn.s influence their abundance, dis t ribu
tion, and survival. Change s in the se r e s p onse s 
induced by pesticides could b e detr irn.ental t o 
a corn.rn.ercial fishery. Tern.perature p refer
ence, learning, and other behavioral char a c ter
istics of fish are known to be affe c ted by 
exposure to pesticides. W e are colle c ting 
inforrn.ation that is neede d to answer two 
questions: Whether fish can avoid p esticides 
in water and whether their salinity p reference 
is altered after exposure to pe sticide s . 

PESTICIDE AVOIDANCE STUDIES 

The probability of survival of estuarine fish 
would be irn.prove d if the y could avoid pe s tic ide s 
in their environment. Thi s capacity has been 
dern.onstrated for sorn.e fresh- water fi s hes but 
not for estuarine fish. 

The purpose of this study was to evaluate 
the capacity of untrained sheepshead rn.innows, 
Cyprinodon variegatus, to avoid six pesticides 
(DDT, endrin, Dursban, rn.alathion, Sevin, and 
2,4-D) that are likely to be found in estuaries. 

Experimental Procedure 

Sheepshead rn.innows, 20 to 40 rn.rn.. total 
length, were seined frorn. brackish-water 
rn.ar sh ditche s on Santa Ro sa Island. To elirn.i
nate weak or injured individuals, we rn.aintained 
the test fish in the laboratory in water of 
20 p.p.t. salinity at 200 C. for at least 10 dCiiYs 
before they- were used. The fish were fed 
piece s of fish fle sh daily until 24 hours before 
an experirn.ent. 

One herbicide and five insecticides (two 
organochlorine s, two organophosphates, and a 
carbarn.ate) were used in the tests (table 7). 



Figure l 8.--0yster s are weighed suspended in water . 
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Figure 19.--Comparison of the growth rate (mean in-water 
weight of 100 young oysters) of control oysters and 
oysters chronically exposed to 1.0 p.p.b. each of DDT, 
toxaphene, and parathion. The vertical dotted line repre
sents the p<lint at which the pesticide exposure was 
halted and the oys ter s were placed in clean water. 

to relatively high l evels, but appare ntlym.etab_ 
olized parathion, a n o r ganophosphorous com.
pound, very rapidly. A t the e nd of 6 m.onths 
expOSure, a hom.o genat e of five experim.ental 
oysters contained r e s idue s of 9 1.0 p.p.m.. DDT 

(DDE + DDD + DDT), 30.0 p.p.m.. toxaphene, 
and 0.36 p.p.m.. parathion. After 9 m.onths, 
a hom.ogenate of 10 oysters contained 42.0 
p.p .m.. DD T (DDE + DDD + DDT), 9.0 p.p.m.. 
t ox a phe ne, and 0.07 p.p.m.. parathion. After 3 
m.onths in c l e an water, the rem.aining oysters 
c ontained n o t oxaphene or parathion and only 
background levels (sam.e as controls) of DDT. 

Histopathological exam.ination of the oysters 
by a c on su lting pathologist revealed con
siderable s t r uctural change that was apparently . 
due to the pe sticides. Oysters exposed to the 
pe sticide s ha d pathological conditions in the 
kidney, visceral ganglion, tissues beneath the 
gut, gills, and digestive tubules. These tissue 
changes we re present after 6 and 9 m.onths. 
Each of 10 exper i m.e ntal oysters exam.ined 
from. the 9-m.onth exposure had a m.ycelial 
fungus that wa s not present in the control 
oysters. The exposur e to pesticide appeared 
to cause a brea k down in the oyster's natural 
defense agains t thi s parasite. In general, 
experim.ental oysters held in clean water for 
3 m.onths sho wed l e ss structur al change than 
those exam.ined at the end of the 9-m.onth 
exposure period. The r e fore, under these ex
perim.ental condit ions, oysters subjected to low 
levels of DDT, toxaphene, and parathion are 
capable of repa iring c e rtain pe sticide-dam.aged 

, t i ssu es when place d in nonpolluted water. We 
were u n able to m.ake an intensive study of how 
e xposure to pest icide affects reproduction, but 
both c ontrol and exper im.ental oysters had 
viable eggs and sperm.atozoa at the end of the 
9-m.onth exposure. Eggs of both groups of 
oysters develop ed to the 24-hour trochophore 
stage when fertilize d artificially. 
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We are now s tudying the effects of DDT, 
toxaphene, and parathi on separately on popu
lations of oyster s , us ing the techniques de
scribed above. 

EFFE CTS OF MIREX ON CRABS, 
SHRIMP, AND FISH 

The use of m.irex (Dodecachlorooctahydro-l, 
3, 4-m.etheno - 2H- cyclobuta [cd] pentalene) to 
control im.por ted fire ants in coastal areas 
of the southeastern United States is causing 
som.e conce r n about i ts effects on estuarine 
organism.s . We prev iously reported this com.
pound to have a r elatively low acute toxicity 
to m.arine crustaceans. Experim.ents com.pleted 
this year, however , show that m.irex has 
delayed toxic e ffects on crabs and shrim.p. 

Juvenile blue c r abs and pink shrim.p showed 
no sym.ptom.s of poisoning during a 96-hour 
exposure to 0 . 1 p .p .m.. technicalm.irexinflow
ing sea water . All of these crustaceans, how
ever, becam.e i rritated and paralyzed, and then 
died within 18 days after being placed in clean 
water (fig. 20) . About 30 percent of the shrim.p 
and 20 percent of t he crabs were dead or para
lyzed after 10 day s , and 80 percet:lt of the 
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Figure 20.--Delayed toxic action of mirex to juvenile 
penaeid shrimp and blue crabs. The shrimp and crabs 
showed no symptoms of poisoning at the end of a 4-day 
exposure (vertical dotted line ) to 0.1 p.p. m. technical 
mirex, but became paralyzed and died within 22 days. 

shrimp and 60 percent of the crabs after 15 
days. This was our first encounter with de
layed toxicity of a pesticide to marine CruS
taceans. 

Mirex bait (the actual formulation used in the 
field to control fire ants) also causes delayed 
toxicity to juvenile blue crabs. Mirex may act 
as both a contact poison (as shown in the ex
periment above) and a stomach poison to small 
crabs. In preliminary experiments, small 
crabs placed in tanks containing several 
particles of Mirex Granulated Bait 4X (84 .5 

had no symptoms 
the experiment, 
residues (30 - 40 p.p.m.) of mirex m bod 
tissues. Eight weeks after the xposur • fl 
still contained an average of 18.0p.p.m. mir x 
in their tissues--indicating that mlreX I 

easily metabolized. 
These experiments with mlrex furth r 

phasize the need for studies to valu 
long-term effects of pestIcides. 

BEHAVIOR OF ESTUARINE ORGANISMS 

Da vid J. Hansen 

Behavioral responses of estuarine or
ganisms influence their abundance, distribu
tion, and survival. Change s in the se re sponse s 
induced by pe sticide s could be detrimental to 
a commercial fishery. Temperature prefer
ence, learning, and other behavioral character 
istics of fish are known to be affected by 
exposure to pesticides. We are collecting 
information that is needed to answer two 
questions: Whether fish can avoid pesticides 
in water and whether their salinity preference 
is altered after exposure to pesticides . 

PESTICIDE A VOIDANCE STUDIES 

The probability of survival of estuarine fish 
would be improved if the y could avoid pe sticide s 
m their environment. This capacity has been 
demonstrated for some fresh-water fishes but 
not for estuarine fish. 
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The purpose of thiS study \\ 0 v 
the capacity of ntramed sheep head mmno 
Cyprinodon variegatus, to avold I pe IC d 
(DDT, endrin, Dursban, malathion,S 
2,4 - D) that are likely to be found m 

Experimental Procedure 

Sheepshead minnows, 
length, were eined from br C 

marsh ditche s on San a Rosa I nd. To 
nate weak or inlu ed individual, 
the te st fbh in the laborator 
20 p.p.t. sahnity at 200 C. {or a 
before they were ed. Th ! 
piece s of fi:.h fie h dally untIl 24 
an experiment. 

One he rblCld 
organochlOrIne • 
carbamate} wer 



Table 7. --Descri ptions of chemicals tested and 24-hour LC50 'S
1 

to sheepshead minnows 

Pesticide 

Dur . .. ..•...... . . 
Endrin .. . ....... . 
fur sban . . ...• . . . . 
Malathion . . . .. . .• 
Sevin (carbaryl) . 
2, 4- D (butoyx-

ethanol ester) . 

Type 

Organochlorine 99 
do . 97 

Organophosphate 99 
do. 95 

Carbamate 98 

Herbicide 70 
(acid equiv

alent) 

24-hour 
LC50 

~ 

0. 006 
0 . 003 

( 2) 
0.3 
2.8 

7.0 

lPersonal communication, Jack I. Lowe, Fishery Biologist, 
Bur eau of Commercial Fisheries Biological Field Station, Gulf 
Breeze, Fla. 32561, March 10, 1967. 

2Showed signs of pesticide poisoning after 24 hours at a 
concentration of 1.0 p.p.m., but were not dead . 

Ini tially, three concentrations of each pesticide 
were used--one higher and t wo lowe r than the 
concentration that would kill 50 percent of the 
fi sh in 24 hours (24-hour LC 50 ) . If avo idanc e 
wa s observ ed, other concentrations we r e tested 
to de ter:mine the upper and lower li:mits that 
elicite d a response in the fish. 

F i sh were teste d in an apparatu s de s i gne d 
to a llow the:m to :move fro:m a holding a rea 
into eit her water containing p e sticide o r 
"clean" water. The apparatus, con s t r u cted of 
black plastic, had two Y - shape d " a r :ms " 7.6 
c:m. wide , and a circular holdin g are a 3 0.5 
c:m. in dia:meter (fig. 21). A gate a t the inte r 
section of the a r:ms was lowered to t rap the 
fish. When atest was inprogress , the apparatus 
was c overed with black plasti c to exclude 
light. Filtere d sea water dilute d with a e rated 
tap wa ter to 20 p.p.t. salinity and :maintained 
at 2 00 C. ente re d each of the four upper ar:mS 
at a rate of 2 00 :m1. per :minute and flowed to 
the drain in the center of the circular section. 
The water depth in the apparatus was :main
tained at about 50 :m:m. E xchange of water 
betwee n diffe rent sections of the apparatus 
was negligible . P e stic ides in an acetone stock 
solution were :metered through stopcocks into 
the rec tangular area of the upper ar:mS where 
pesticides :mixed with t he water before they 
reached t he testing a re a. 

This investigat ion wa s acco:mplished in two 
sets of exp e ri:ments. In the first set, we 
tested the ability of s heepshead :minnows to 
choose betwe en water w ith pe sticide and water 
without pe s tic i de. F ifty fish were tested at 
each conc e nt r ati on a t least four ti:mes. The 
distribut ions of the fish i n holding and test 
apparatus indicated that they are not gregarious 
and that e ach individual should re spond to the 
pestic i de r~the r than to other test fish. In 
preli:minary t e sts, 63 percent of the fish pre
ferre d the r i ght side of the apparatus, co:m
pared to 37 p e rcent in the left side; therefore, 
half of t h e tests were :made with the two stock 
bottles de live ring pesticide in the right side 
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CONSTANT LEVEL 
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Figure 21.--Apparatus used to test the ability of sheeps 
head minnows to avoid pesticides. 

of the apparatus and half with t wo stock bottles 
delivering pesticide to the left side. The two 
upper "Y's" served no function in these tests. 
An acetone control was not used because 
sheepshead :minnows did not avoid acetone at 
the concentration tested (0.25 percent). Fish 
were placed in the circular area with the gate 
lowered into position for l / 2-hour to per:mit 
the:m to accli:mate and to reduce the fright 
response. The gate was then raised to give the 
fish access to the ar:ms. After 1 hour, the 
gate was closed and the nu:mber of fish in each 
ar:m was recorded. Test fish were used once 
and then discarded. After each test, the 
apparatus was rinsed at least three ti:me s with 
a 50 percent solution of acetone in water . 
After tests in which 10 p.p.:m. of 2,4-D or 
Dursban were used, the apparatus was washed 
with detergent to re:move the visible fil:m. 

In the second set of tests, we investigate d 
the capacity of test fish to discri:minate be
tween i'high" and "low" concentrations of the 
pesticides. We tested the concentrations pre
viously avoided and a concentration below the 
threshold of avoidance. The testing procedure 
was the sa:me in this set as in the first, except 
that four stock bottles were used and two 
concentrations were tested si:multaneously. 

Avoidance of pesticides by the fish was 
evaluated statistically by the chi- square test 
on the assu:mption that if fish could not dis
cri:minate they would have an equal opportunity 



to enter either arIn on leaving the circular area. 
Avoidance or preference was accepted if the 
probability that the distribution could OCCur by 
chance was 0.05 or less. Fish reInaining in the 
circular area after a test was cOInpleted were 
not included in the statistical analysis because 
stationary fish Inaynot have been exposed to the 
two choices and Inoving fish within this area 
could have been in transit between arIns. 

Avoidance is readily detected by this Inethod. 
Sixty to 92 percent of the fish were in water 
free of pe sticide when avoidance was s ignifi
cant, and 42 to 55 percent (average 50.1 
percent) were in pesticide-free water when 
there was no discriInination. Thus, the assuInp
tion was valid that nondiscriIninating fish had 
an equal chance to enter water i n the arIn 
with pesticide or the arIn without the pesticide. 

Capacity of Fish to Seek Water Free 
of Pesticides 

Sheepshead Ininnows avoided four of the six 
pesticides at two or Inore of the concentra
tions tested--DDT, endrin, Dursban,and2,4-D 
(table 8). The lowest concentration that the 

Table 8. --Tendency of fish to seek water free of pesticides 

N.S. = Not significant . X2 = P(3.84 = 0.05; 6.63 = 0.01; 
10.83 = 0.001) 

Pesticide 
Fish in X2 value 

and Tests Fish in water if signif-
concentration pesticide 

icant 

E:..E..:.E!:.. Number Number Number Percent 

DDT: 
0.1 .. .. .. .. 6 75 69 47.9 N.S. 
0.05 ....... 4 46 70 60.3 4.96 
0.01 ..... . . 8 67 109 61.9 10.02 
0.005 .. . ... 4 41 66 61.7 5.84 
0.001.·· · · . 4 46 45 49.4 N.S. 
0.0001 ..... 4 49 44 47.3 N.S . 

Endrin: 
0.01 ....... 4 48 43 47.2 N.S. 
0 .001. . . ... 4 30 60 66.7 10.00 
0. 0001 ..... 4 34 58 63.0 6.26 
0.00001. ... 4 25 31 55.4 N.S. 

D.!rsban: 
10.0 ........ 8 46 86 65.2 12.12 
1.0 . . . ..... 10 83 79 48.8 N.S. 
0. 5 .. ...... 4 38 27 41.5 N.S. 
0.25 . . . . . . . 4 24 85 78.0 34.14 
0 .1. . ...... 8 73 132 64.4 16.98 
0.05 ....... 8 100 82 45.0 N.S. 
0. 01 ....... 4 47 41 46.6 N.S. 

Malathion: 
1. 0 . .... ... 4 36 32 47.0 N.S. 
0.1. . . . .. .. 4 33 41 55.4 N.S. 
0.01 . .. . ... 4 51 59 53.6 N.S. 

Sevin: 
10.0 ..... . .. 4 41 50 54.9 N.S. 

1. 0 ....•... 4 53 54 50.5 N.S. 
0.1 .. . .... . 4 47 58 55.2 N.S. 

2,4- 0: 
10.0 .. . .. . .. 4 7 86 92.5 67.11 
1.0 ....... . 4 33 67 67.0 11.56 
0.1. .... . .. 4 37 68 64.8 9.15 
0.01. ... . .. 8 86 102 54.2 N.S. 
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fish avoide d presuInably approxiInates the 
lower liInit of perception, within an order of 
Inagnitude in SOIne tests, and the highest 
concentration avoided is less than the aInount 
that affect s the fish's capacity to avoid the 
pollutant. All of the concentrations of each 
pesticide avoided, except Dursban, covered a 
range of at least an order of Inagnitude and 
Inany were near the 24-hour LC 50 • The highest 
concentration of Dursban avoided was only 
2.5 tiInes greate r than the lowest (eXCluding 
the avoidance of 10 p.p.In., which Inay have 
been a reac t ion to crystals). 

Except for 2,4-D, a concentration response-
avoidance in relation to concentration of the 
pesticide--was not observed in these experi
Inents within the te sted concentrations. Evi
dently sheepshead Ininnows were not able to 
sense an increase in concentrations of the 
pesticides tested. The avoidance of 10 p.p.In. 
2,4-D by these fish Inay not have been true 
concentration re sponse because avoidance was 
probably a reaction to crystals of the pe sticide. 

Sheepshead Ininnows did not avoid Inalathion 
Or Sevin at the concentrations tested (table 8); 
therefore, we Inade no further tests of these 
pesticides. 

Response of Fish to Simultaneous Exposure 
to Two Different Concentrations of the 
Same Pesticide 

Sheepshead Ininnows that were exposed si
Inultaneously to two different concentrations 
of a specific pesticide avoided 2,4-D at the 
highest concentration tested, preferred the 
highe concentration of DDT and did not dis
criIninate between different concentrations of 
endrin or Dursban, or other concentrations 
of 2,4-D (table 9). The failure of fish to 
discriIninate Inay be explained by the lack of 
a re sponse to different concentrations as ob
served in the first set of tests. Fish that 
avoided 10.0 p . p.In. 2,4-D Inay have been re
acting to the high concentration or to crystals 
of the cheInical, which were absent at other 
test concentrations. 

The preference of sheepshead Ininnows for 
the higher concentration of DDT is difficult 
to explain because they avoided it in the first 
set of experiInents. Also, they did not dis
criIninate between concentrations of Dursban, 
endrin, and lower levels of 2,4-D in the second 
set of experiInents. When there was no area 
free of DDT the higher concentration either 
was preferred or interfered with the capacity 
of the fish to avoid it. 

E cological Implications 

It would undoubtedly be advantageous to fish 
if they could avoid pesticides. In these tests , 
fish did not, in general, differentiate between 
concentrations of the saIne pe sticide, but dld 



f h h d lDl'rmows exposed to two different concentrations of four Table 9.--Response 0 seeps ea 
pesticides 

[ N.S. Not significant. X2 P(3.84 = 0.05; 6.63 0.01; 10.83 0.001) ] 

Pesticide and concentrations 

High I 
Tests 

Low 

~ Number 

DDT: 
0.05 0.005 8 
0.05 0.001 4 
0.01 0.001 8 
0.005 0.001 8 

Endrin: 
0.001 0.0001 4 
0.001 0.00001 4 
0.0001 0.00001 4 

Dlrsban: 
0.25 0.05 8 
0.10 0.05 4 

2,4-D: 
10.0 1.0 4 
10.0 0.1 4 
10.0 0.01 4 
1.0 0.1 4 
1.0 0.01 4 
0.1 0.01 4 

have the ability to seek water free ofpesticides. 
Therefore, a prerequisite for avoidance in 
nature would be a reasonably distinct boundary 
between clean water and water containing a 
pesticide. 

Estuaries often have conditions that cause 
boundaries or interfaces which would give 
fish an opportunity to avoid contaminated 
water. One such boundary, the pycnocline, is 
formed when fresh water from rivers flows 
over denser salt water in an estuary. In the 
deeper estuaries, mixing across the pycnocline 
is limited. Thus, pesticides entering the es
tuary in river water would not contaminate 
water in the salt wedge below the pycnocline. 
A second type of boundary is the transient 
boundary that may exist between pesticide
carrying and other estuarine water, depending 
upon the type of carrier, solubility of pesticide, 
and methods of application. By using these 
boundaries, some fish may be able to avoid 
harmful concentrations of pe sticide s. 

To obtain a better understanding of the 
phenomenon of pesticide avoidance, we are 
studying the mosquitofish, Gambusia affinis. 
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Fish in high Fish in low X2 value if 

concentration concentration significant 

~ Number Percent 

117 81 40.9 6.54 
80 31 27.9 21.63 

119 74 38.2 10.49 
143 84 37.0 15.33 

39 44 53.0 I.S. 
54 54 50.0 :.5. 
62 48 43.6 r:.s. 

82 71 46.4 U.S. 
27 28 50.9 1.S. 

8 139 94.6 116.74 
9 118 92.9 93.55 
7 133 95.0 113.40 

49 38 43.7 I. 5. 
48 44 47.8 I. 5. 
48 42 46.7 .S. 

Preliminary tests show that this fish, unlike 
the sheepshead minnow, does not avoid DDT 
or endrin at concentrations near the 24- hour 
LC so • Thus, not all fishes have the ability to 
avoid these pesticides. 

EFFECT OF PESTICIDES ON THE 
SALINITY PREFERENCE OF FISH 

The salinity gradient in an estuary is un
doubtedly one of the most important stimuli 
that direct movements and determine the 
distributions of fish and other estuarine or 
ganisms. We are therefore investigating how 
the pesticides DDT and malathion affect the 
movement of mosquitofish in salinity gradient s 
produced in the laboratory. 

Experimental Procedure 
Mosquitofish, 18 to 55 mm. total length, 

were seined from ponds and ditches near the 
laboratory, and acclimated to wate r of 15 
p.p.t. salinity and 200 C. for at least 2 week s 
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Figure 22.--Apparatus (fluviarium) used to produce a horizontal gradient of salinities for investigating how pesticides 
affect the salinity preference of fish. 

:>efore testing. Acclimated fish were healthy, 
:ed readily, and bore young. 

Five fish were exposed for 24 hours to DDT 
)r malathion. The pesticide was dissolved in 
?olyethylene glycol (average molecular weight 
~OO) and metered into flowing water to achieve 
:he desired concentration in the test chamber. 
)alinity and water temperature in the test 
;hamber were identical with those in the ac
;limation tank. Control fish were treated 
;imilarly except that polyethylene glycol with
JUt pesticide was metered into the water. 

Movements of control and exposed fish 
iVere tested in a "fluviarium" where flowing 
:ap and salt water are mixed to produce a 
lorizontal salinity gradient (fig. 22). Salinitie s 
iypically ranged from 0 to 30 p.p.t. Individual 
'ish were acclimated to fluviarium conditions 
'or 5 minutes before testing, and their move
illents were observed either for an additional 
; minutes, or until they traversed one-half 
he distance acroSs a salinity gradient. Then, 
the position of the fish in the gradient was 
loted every 15 seconds for 10 minutes and 
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those positions were used to indicate salinity 
preference. Nontraversing fish were not in
clude d in the analysis. This technique is suit
able for determining the salinity prefere nce 
of fish because fish do reac t to a salinity 
gradient by seeking a particular salinity rather 
than being evenly distributed in the test area 
as oCCurS in the absence of a gradient. Fish 
were not retested. 

DDT 

DDT affects the salinity preference of mos
quitofish as indicated by the average salinity 
selected (fig. 23) and by the distribution of 
fish within the 0 to 30 p.p.t. salinity gradient 
(fig. 24). The average, as well as modal 
position of fish in the gradient, increased with 
an increase in concentration of DDT. 

The salinity selected by exposed fish in 
the fluviarium is probably the combined result 
of the effect of the pe sticide, the salinity 
preference of the fish in nature, and the 
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Figure 23.--Salinity preference of mosquitofish after 24 
hours exposure to DDT. Fish were previously ac
climated to 15 p.p.t. salinity. Each datum is the 
average preference of 10 exposed fish or 30 control 
fish. 

acclimation conditions before testing. Pref
erence by control fish of a salinity that is 
lower than acclimation salinity probably re
flects their typical distributions in fresh or 
occasionaHy brackish waters. The salinity 
selected by test fish increased to near that 
of acclimation, 15 p.p.t., as the concentration 
of DDT increased. 

DDT can affect the lateral movement of fish 
in the fluviarium. Both control and exposed 
fish swam against the 5-cm.-per- second cur
rent of water entering the test area. Fish 
exposed to DDT, however, tended to remain 
in a limited portion of the salinity gradient, 
whereas controls frequently moved laterally 
across the gradient and then returned to their 
original position. 

Malathion 

The movements in a salinity gradient of 
mosquitofish exposed to 1.0 and 0.1 p.p.m 
malathion were compared to movements of 
unexposed fish. There was no apparent al
teration in the salinity selection or swimming 
behavior of exposed fish. Control fish, on the 
average, preferred 8.8 p.p.t. salinity, whereas 
fish exposed to 0.1 and 1.0 p.p.m. malathion 
preferred 8.0 and 9.9 p.p.t., respectively. 
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Figure 24.--Distribution of mosquitofish in a salinity 
gradient after 24 hours exposure to DDT. Fish were 
previously acclimated to 15 P.p.t. salinity. Distribu
tions are those of 30 control fish and 10 fish exposed to 
each concentration of DDT. 



PHYSIOLOGY OF ESTUARINE ORGANISMS 

SHRIMP PHYSIOLOGY 

DeIWayne R. Nimmo and 
Robbin R. Blackman 

Toxic materials introduced into estuaries 
:nust be discovered before forage and com
:nercial species are lost. Among the materials 
ronstantly entering into marine waters are 
Ihe pesticides. Laboratory tests show that 
[rustaceans, particularly the shrimp, are 
rensitive to these compounds. For example, 
~e naeid shrimp will die within a few weeks 
If continuously exposed to 0.1 p.p.b. DDT. The 
~roblem then arises, what will be the effects 
?f continuous expo sure to concentrations of 
P'D T below 0.1 p.p.b.? In order to answer 
Ihi s que stion, s tudie s we re be gun on the 
rhysiology of shrimp exposed to low concen
Irations of DDT for protracted periods. We 
,elieve these investigations will show effects 
hat are not detectable by other techniques. 

Experiments have been completed in four 
reas: (1) the development of techniques by 

r hich we can expose shrimp to standardized 
' oncentrations of DDT; (2) the effects of DDT 
n blood proteins and survival of shrimp; 
3) the localization of DDT in shrimp tissues; 
nd (4) investigations into the effects of DDT 
n shrimp tis sue s. 

aintaining DDT at Standardized 
'oncentrations 

A method was devised for constant delivery 
f minute amounts of DDT so that shrimp 
vere chronically exposed to low concentra
ions of this chemical. Technical grade DDT 
as added to polyethylene glycol (200 mole

'ular weight). The mixture was warmed to 
00 C. and stirred until the DDT dissolved. 
rhis stock solution was refrigerated and kept 
ut of direct sunlight to prevent degradation. 

was warmed to room temperature before 
se to prevent condensation in the containe r. 

syringe pump was used to infuse the stock 
olution into a flowing sea-water system 
rough small polyethylene tubes inserted 

irectly into the inflow. Three concentrations 
0.05, 0.08, and 0.1 p.p.b.) were prepared and 
elivered over several months, and the con
entrations were checked each week by gas 
hromatography (table 10). In addition to the 
Ccuracy of delivery, this method has thre e 
dvantages over methods previously used: 
1) polyethylene glycol is not toxic to any 
'pedes tested to date; (2) one preparation of 
bont 100 rnl. suffices for long-term experi-
ents; and (3) the pump-and-delivery ap

aratus is reliable, compact, and corros ion
ree. 
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Table 10. --Comparison of the eore 
concentration of DDT delivered to 
water system and the concentratio 
by gas chromatography 

Desired 
concen
tration 

P.p. b . 

0 . 1 
0 . 08 
0.05 

Determi
nations 

Number 

6 
8 
9 

~ ~ 

0.097 0 . 07 
0.08 0.067 
0 .046 0.027 

E:..P..:..!:..: 

to o.:a 
to .09 

o 0.058 

Effects of DDT on Blood Proteins and 
Survival of Shrimp 

To evaluate the effects of DDT on the blood 
p r oteins of shrimp, one experiment of 24 days 
duration and another of 45 days were completed 
this year. Sixteen pink shrimp were placed ill 
each of two tanks: one group was exposed to 
pesticide , the other was not. Each shrimp was 
tested at 2 - or 3 - day intervals to determine 1£ 
chronic exposure to 0 . 1 p.p.b. would alter 
the proteins in the blood. Proteins in whole 
blood of shrimp were separated by acetate 
electrophoresis, analyzed for qualitative 
changes, and measured. The only differenc 
appeare d to be the quantity of the fractIon 
believed to be hemocyanin, as measured v.ith 
an optical densitometer. This measurement 
is relative but is useful for detection of 
day-to-day changes. The procedure was es
pecially applicable to this study because only 
a small volume of blood was obtained from a 
single shrimp. Student's "t" values v.ere 
calculated to determine Significant difference 
between control and experimental ammals. 

Shrimp exposed to DDT exhibited a gradua 
decrease in protein levels in their blood. In 
the 24-day experiment the average optIcal 
density of the controls decreased from 13. 
to 8.4 (38 percent) while that of the exp rl
mental shrimp decreased from 13.0 to 
(63 percent). A difference between th t'lO 
groups at the 95 pe rcent confidence 1 vel 
existed on the 24th day (fig. 25). In th ex
periment that lasted for 45 days, the prot illS 

in the controls decreased from 14.3 to 
(41 percent) while those in the treated ammal 
decreased from 16.8 to 6.4 ( 2 percent). T 
difference was not significant untIl th l t 
day in the first experiment and the 39th d 
in the second; howeve r, the trend of depr 
protem was evident (fig. 2 ) . 

Although these data are not concl lve, r
ther study is warranted. In both experlm n 
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Figure 25.--Mean optical density of protein levels in 
the blood and percentage survival with time. The experi
mental group of pink shrimp was exposed to 0.1 p.p.b. 
DDT. Significance at the 95 percent level occurred on 
the 24th day. 
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Figure 26.--Mean optical density of protein levels in blood 
and percentage survival with time. The experimental 
group of pink shrimp was exposed to 0.1 p.p.b. DDT. 
The difference between experimental and control shrimp 
was significant at the 95 percent level on the 39th day 
and at the 90 percent level on the 45th day. 

protein levels of test animals were depressed 
and the percentage decrease was similar. In 
a recent experiment, shrimp exposed to 0.05 
p.p.b. DDT showed no significant change in 
protein concentrations compared to the un
treated shrimp. This lack of change suggests 
that a "threshold" concentration is necessary 
before an observable effect is reflected in 
blood proteins. This concentration might be 
0.05 to 0.1 p.p.b. 

Many variables such as temperature fluctu
ations, food availability, presence of substrate 
(sand), and handling were inherent in our 
procedures and appeared to mask the effect 
caused by pesticide. Some of these variables 
have been controlled, and food availability is 
being studied, but some cannot be eliminated. 
The level of protein in the blood of shrimp 
is currently measured by biuret and Folin
phenol methods. Specific tests are being made 
for various isoenzyrnes, lipoproteins, glyco
proteins, and hemocyanin. 

The survival of shrimp exposed to 0.1 p.p.b. 
DDT indicates the need for an expansion of our 
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bioas sa y program. For seve ral year s bioas sa y 
for acute effects has been useful in estimating 
the relative toxicity of chemicals to various 
species of animals. Usually these tests are 
short, from 24 to 96 hours . One of the first 
discoveries in the long-term experiments 
was the increased death rate of the treated 
animals (figs. 25 and 26). No doubt the in
fluence of many environmental factors in the 
laboratory contributed to the mortality. Some 
factors could be synergistic, but evidence in
dicates that trace amounts of DDT in a chronic 
exposure could affect populations. It appears 
necessary to include long-term tests at low 
concentrations as well as short-term tests 
when evaluating toxicities of newchemicals. 

Localization of Pesticide in ShrImp Tissues 

Little information is available concerning the 
localization of DDT in the tissues of shrimp 
or the residues that accumulate in whole 
populations. This information must be known 
if we are to answer such pertinent que stions 
as: (1) Do commercial species accumulate 
pesticides? (2) What are the levels of DDT 
in the tissues and organs of apparently healthy 
shrimp as compared to dying shrimp? (3) What 
is the rate of accumulation, the rate of 
degradation, and what are the metabolites? 
(4) Are postlarvae Or juveniles more sus 
ceptible than adults? (5) Do susceptibilities 
differ with season or species? 

Two experiments compared the residues of 
DDT in various organs wlth those of the entire 
body. In the first experiment, we isolated eight 
large white shrimpineachoftwoflowing-water 
aquaria. One group was in water containing 
0.2 p.p.b. DDT in polyethylene glycol and the 
othe r group (controls) wa s in wa te r containing 
polyethylene glycol. Each dead treated shrimp 
was removed and frozen. Untreated shrimp 
were killed on the 19th day. Table 11 shows 
weights and residues in various tissues and 
organs of each group. 

In the second experiment, accumulation of 
DDT in shrimp was measured by analyzing 

Table ll. --Localization of DDT in the tissues of white 
shrimp poisoned with DDT 

Experimental Control 
Tissue 

Weight I DDT Weight I Dill 

G. :P.p.m. G. P.p.m. 

Hepatopancreas (liver). 4.6 U.O 4.5 0.10 
Exoskeleton ........... . 7 . 0 0 .86 6 .4 0.01 
Ventral nerve ......... . 0.7 0.55 0.5 0.01 
Heart ................ , . 0.6 0.46 0.4 0.01 
Gills .... ....... ...... . 3.5 
Gut (stomach and 

0.36 1.9 0.01 

1.0 0.04 1.3 0.01 
38.6 0.02 35.3 0.01 

intestine) .. . ....... . 
Muscle (tail) ......... . 



Table 12.--Pesticide residues in whole pink 
shrimp exposed to 0.1 p.p.b. DDT 

Days DDE Total 

P.p.m. P.p.m. P.p.m. P.p.m. 

1 ..... ·· . 
4 ........ 0.02 0.02 
7 ....... · 0.06 0.06 
10 ....... 0.02 0.17 0.19 
13 ...... · 0.21 0 .2l 
16 ....... 0.16 0 .16 
19 .... · .. 0.01 0.14 0.15 
22 ....... 0.02 0.01 0.12 0 .15 

Note.--Four shrimp that died during the ex
permiment had 0.13 p.p.m. DDT in the entire 
body. 

whole-body residues. Residue-s in dead and 
dying shrimp were also compared. Two groups 
of juvenile pink shrimp were placed in two 
large plastic aquariums with sand substrate. 
The level of DDT in flowing sea water was 
maintained at 0.1 p.p.b. Every third day, 
eight treated and eight untreated shrimp were 
removed and immediately frozen. Dead treated 
shrimp and those showing symptoms of poison
ing were also removed and frozen. Table 12 
shows data for treated shrimp. The un
treated group had no detectable DDT in the 
residues. 

Four aspects of these studies are: 

1. DDT is concentrated most m the hepa 0-
pancreas and least in the muscle. 

2. Shrimp do not accumulate large cone n
trations of DDT; however, th body 
residues have 2,000 times as much 
pesticide as the water. 

3 . Some individuals in the popUlation appear 
to be more resistant than other a 
reflected in the residues of dead shnmp. 

4. In the tis sue s DDT appear s to degrad 
to the metabolites DDE and DDD. 

Effects of DDT on Shrimp Tissues 
Two experiments have been completed to 

determine if histological changes occur 10 

shrimp tissue s after chronic exposure to DDT. 
Juvenile pink shrimp were subjected to 0.1 
p.p.b. DDT for 35 days. Untreated ammal 
were maintained under similar conditions. 
Every other day, a treated and an untreated 
spec imen were killed and fixed in pre se rvative. 
They were embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin. Gross 
microscopic examination of the sections re
vealed no pathological conditions except for 
slight necrosis of hepatopancreas m the treated 
shrimp. Some individuals had severe infesta
tions of parasites; therefore, the experiment 
was repeated with grass shrimp, which were 
free of parasite s. Although the exposure pe ri0d 
was longer, we observed no abnormalities 1n 
the tissues of grass shrimp. 

ENZYME SYSTEMS OF ESTUARINE ORGANISMS 

David L. Coppage 

Metabolic activity in fish, as in other ani
mals, is the result of enzyme activity; toxic 
chemicals, such as pesticides, can interfere 
with this activity. Specifically, organophos
phate pesticides inhibit cholinesterases, which 
are enzymes that function in nerve-impuls e 
transmission and ion transport. To evaluate 
how these insecticide s affect estuarine or
ganisms, we have to understand choline sterase 
inhibition by organophosphates. To evaluate 
this inhibition intelligently, we need to know 
the following relations: toxicity of the pe sticide 
to in vivo (living organism) inhibition of 
cholinesterase; rate and duration of exposure 
of the organism to the pesticide to in vivo 
inhibition; and toxicity to in vitro (isolated 
tissue components) inhibition. Also, since 
cholinesterases differ with kinds of tissue 
and species, we must determine the proper
ties of these enzymes in selected estuarine 
fish. 
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TOXICITY AND IN VIVO INHIBITION 

Tests were luade to determine the relatton 
of toxicity of several organophosphate pesti
cides to in vivo inhibltion of cholmesterase 
of sheepshead minnows. Adult flsh were ex
posed to acute doses of diaZlnon, guthion, 
malathion, parathion, and phorate that kllled 
40 to 70 percent of the fish in 24 and 48 hours. 
Five male and five female fish per test were 
exposed to the pesticides in 20 hters of 
artificial saltwater (salinity, 4 p.p.t.) mam
tained at a temperature of 21 t 10 C. The 
brains of exposed fish were removed after 
each test and frozen until assayed for 
cholinesterase activity. The enzyme acttvityof 
exposed fish was compared with norma enzyrn 
activity previously determined fromunexpo ed 
fish. We determined the inhibited and normal 
enzyme actlvities photometricallrbyobservln 
the disappearance of acetylcholme incubated 
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Figure 27.--Potency of five organophosphate pesticides In 
relation to In vivo Inhibitions offish brain-cholinesterase 
and acute doses that killed 40 to 70 percent of test fish 
in 24 and 48 hours. The lower of the pair of points for 
each toxicant is the 24- hour datum; the higher. the 
48-hour datum. K/C Is percent killed/dose In p.p.b.; 
I/C is average percent inhibition/dose In p.p.b. 

with brain homogenate s. Because the brain 
cholinesterase inhibition of fish surviving a 
test was similar to that of the fish killed, the 
average percentage inhibition was computed 
from all fish exposed in a test. 

The number of fish killed by each of the 
five organophosphates was proportional to the 
inhibition of cholinesterase in the brains of 
the fish. Each pesticide was ranked as a toxi
cant interms oftwo ratios (fig. 27) --percentage 
of fish killed to the concentration of the pe sti
cide in the water (K/C) and average percentage 
inhibition to concentration of pesticide in the 
water (I/C). The potency of the pesticides 
increased with time i.e., each was mOre potent 
after 48 hours than after 24 hours (fig. 27). 

The average percentage of cholinesterase 
inhibition in the brain of fish exposed in the 
acute te sts was 56 to 77 pe rcent, but t he se 
levels of inhibition do not always indicate the 
percentage of the population that will be killed. 
For example, chronic exposure s of fish to 
guthion, phorate, and diazinon showed that 
these chemicals could cause 100 percent 
inhibition of cholinesterase activity (but kill 
fewer fish) in the same peri od of time as 
acute exposures. This observation suggests 
that "threshold levels" of inhibition indicating 
mortality do not exist. The 100 percent cholin
esterase inhibition in the chronic exposures 
should not be interpreted as complete disrup
tion of brain cholinergic mechanisms. Com
plete disruption would kill all the fish, but in 

our experim.nts 30 perc ~ nt Or more survived 
each chronic exposu re. In this situation, the 
photometric assay m thod probably meaSUres 
the amount of p sticide in the tissue but not 
necessarily that mterfering with cholinergic 
mechanisms in vivo . II a "hreshold" exists, 
it may be mask d by limitations of the method . 

STUDIES OF E ZYME PROPERTIES 

An automated pH - ~t'lt was acquIred during 
the year for enzyme studies . In the pH - ata 
cholinesterase assay he acid libe rated d ring 
hydrolysis of a sub trate (choline ester) i 
tItrated WIth • aOH; the pH is held constant 
",1th a potentiometer . This method 15 bette r 
suited for studies of enzyme kine ic than 
othe r methods because it allows a greate r 
range of pH. enzyme concentratIon , and sub 
strate concentratIon . 

Sev ral conditions should be studied before 
a satisfactory quan ltatlve aSt>ay of cholin
esterases can b performed with the pH - stat . 
Animal tissues contain two gen ral types of 
chohnesterase. true or acet;-lcholinesterase 
and pseudochohn 5 era se. The e trpe 5 must be 
dlffe rentlated. Both are as ayed by mea"udng 
the rat of hydrolysl" of acetylcholtne 0 other 
sUItable esters. and the reaction rate mus 
be proportIonal to the concentration of enzyme . 
Special propertie s are used to distinguish each 
type of enzyme . In general. acetylchohnes er 
ase requires a lower concentration of acetyl 
choline for maximal hydrolysis than pseudo 
cholinesterase, and is mhibited by exce ss 
acetylcholine . Thus, the assay of acetylcholin 
esterase requires determInation of acetyl 
choline concentrations that give a straight line 
relatIOn between rate of hydrolysis and time . 
The type of enzynle may also be determined 
by choline ester specilicity; acetyl beta methyl 
choline is specific for acetylcholinesterase, 
and butyrylcholine is specific for pseudo 
cholinesterase . 

The function of enzynle and choline ester 
concentration, and the action of enzynles on 
specific choline esters were studied with the 
pH-stat to better define brain cholinesterase 
of sheepshead minnows. Reactions were car 
ried out in 4 m!. of distilled water at pH 6 
and 22 0 C. Acetylcholine iodide (15 mM) was 
used as the substrate in the enzyme (brain 
homogenate) concentration study. Brain 
homogenate concentration was 10 mg. wet 
weight in the studie s of choline e ste r concen
tration and specificity. 

The primary brain enzynle that hydrolyzed 
choline ester exhibited the properties of acetyl 
cholinesterase. The rate of hydrolysis of 
acetylcholine iodide (15 mM) was proportional 
to the concentration of brain homogenate 
(fig. 28) . A bell-shaped curve typical of acetyl
cholinesterase activity was obtained when 
hydrolytic activity of the brain homogenate 
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Figure 28. --Hydrolysis of AChI (acetylcholine iodide--15 
mM) as a function of the concentration of brain homoge
nate from sheepshead minnows. 

(:micro:moles of acetylcholine iodide hydrolyzed 
per :mg. wet weight per hour) was plotted 
against the negative logarith:m of various 
:molar substrate concentrations (pS) (fig. 29). 
The opti:mu:m acetylcholine iodide concentra
tion was near 20 :mM. Titragraphs at optimum 
and near-optimum acetylcholine concentra
tions were straight lines. Brain homogenate 
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Figure 29.--Effect of acetylcholine iodide concentration on 
cholinesterase activity of the brains of sheepshead 
minnows. pS represents the negative logarithm of the 
molar substrate concentration. 

hydrolyzed the acetylcholinesterase- specific 
substrate, acetyl beta methylcholine chloride, 
but not the pseudo- choline ste rase - specific 
substrate, butyrylcholine iodide. 

KINETICS OF PESTICIDES 

Thomas W. Duke, Patrick W. Borthwick, Alan J. Rick, and Michael D. Schmitt 

A former re sidence was renovated during 
the year to provide 1,600 square feet of air
conditioned laboratory space for work with 
radioactive materials. We installed a liquid 
scintillation spectrometer with three channels 
and automatic printout and added other equip
ment for tracer work, such as a lead vault 
and chemical hood. 

We have started experiments to study the 
rates at which plants and animals accumulate 
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and exc rete pe sticide s labelle d with radioactive 
elements and the rate s of movement of the se 
chemicals through estuarine ecosystems. For 
example, DDT with labelled radioactive carbon 
was transferred through three trophic levels 
of a "laboratory" food chain consisting of 
phytoplankton and two species of fish. Also, 
experiments are underway to determine the 
rate of movement of pe sticide s between water 
and sediments. 

MS. #1975 
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