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Galveston, Texas, Fiscal Year 1965

ABSTRACT
The program of the laboratory in Galveston involves fisheries biology and
oceanography research of the commercial fishery resources in the Gulf of Mexico.
Particular emphasis is on shrinnp research.

REPORT OF THE DIRECTOR

GENERAL
The programs of the Laboratory were reorganized during the year. The Industrial
Bottomfish Program was phased out, and two
new projects--cultivation of shrimp in artificial ponds and ecologically associated organisms--were added to the Shrimp Biology
Program. Also, arrangements were made to
start a modest Gulf Oceanographic Program
during fiscal year 1966. Four programs were
operating at the close of the fiscal year:
Shrinnp Biology, Shrimp Dynamics, Experimental Biology, and Estuarine Programs.
Research in these programs, though diverse,
is intermeshed with the emphasis on shrimp.
The leaders of each program have sumnnarized their research so that a review of
their work is not given in this section. These
summaries are at the beginning of each program discussion.

LABORATORY FACILITIES
The exteriors

Laboratory buildings
continue to deteriorate and each year become
nnore unsightly; however, we have been able
to innprove the grounds and building interiors.
Several offices and laboratories were redecorated, and acoustical ceilings installed.
Special aquarium stands were constructed
in the Experimental Biology Section and the
Museunn, and new display cabinets were placed
in the Museum, Two l/8-acre ponds were
completed near the East Lagoon laboratory.
Fire escapes serving the two main laboratory
buildings were modified and relocated to proof the

vide more efficient emergency exits. New
exhaust devices, developed by one of the
staff to eliminate formaldehyde fumes, were
built for three of the laboratories.

SAFETY
Meetings of the
held monthly and

Safety

Committee were

were

coordinated

education for
Committee continued
safety

the

entire

staff.

with

The

quarterly tour of
the Laboratory to review safety and housekeeping practices. Each member of the Safety
Committee evaluates all accident reports,
which are then forwarded to the Regional
its

Office.

National Safe Boating Week was observed
with appropriate activities, including inspection of all life-saving equipment.
Fire Prevention Week (October 4-10) was
formally observed through a meeting of all

Laboratory personnel at which two movies
were shown, and an inspector from the Galveston Fire Department spoke on fire safety.

We

checked Laboratory facilities for
hazards, and reviewed and updated the
written procedures for action in the event
also

fire

of fire.

Fish and Wildlife ServJones,
C.
Safety Officer (Washington, D.C), reprogram. We estabsafety
viewed
our
lished a Laboratory library of safety
J.

ice

material.

The Laboratory Director urged all employees to take part in the nationwide
driver's
test which the National Safety
Council sponsored in cooperation with the
Columbia Broadcasting System on May 24,
1965.

PUBLIC RELATIONS
More than 1,000 students and their instructors and aljout 130 other visitors were given
Laboratory tours, field trips, or both. The
students were from 7 different universities

and 15 high and grade schools.
the students ranged as follows:
University

163
355
357

High School
Elementary

875

Total

Three

staff

By category

nnembers appeared on television,

and 12 lectured or talked before university,
public school, and civic groups.
Quinto Avila M. of FAO- United Nations,
Guayaquil, Ecuador, spent 3 mo. (months) at
the Laboratory on a training assignment.
Immediately following Hurricane Hilda,
laboratory personnel and the crew of the

M/V

Gus

III

of Texas A&M
Meteorology and
measure temperatures and

helped

members

Department

University's

Oceanography

to

of

Analysis of these measurements
is
shedding new light on the changes that
occur in the sea as a tropical storm passes.
Members of three universities used our
salt-water systems for various experiments,
and three other institutions were provided
salinities.

specimen collections.

TRAINING
Staff training was emphasized, and 70 training
commitments were made during the year. Two

members of the staff taught at the Texas A&M
Summer Session, and three lectured to Texas
A&iM students. Some of the training activities
were:

in

9-mo. Bureau- sponsored acadennic training
oceanography at the University of Rhode

Island (1)1
3-mo. training assignment in the Washington
Office (1)
5 days training for museum (fish-preservation and cataloging) techniques, at the Bureau's
Biological Laboratory, Brunswick, Ga. (1)
10-day, IBM Key-Punch Operator's School,
Houston, Tex. (1)
2-wk. (week) training assignment, on personnel and budget matters, in the Regional
Office, St. Petersburg Beach, Fla. (2)
5-wk. training program, "Techniques of
Good Supervision," at the U.S. Public Health
Service Hospital, Galveston, Tex. (6)
5 days training, "Middle Management Institute," at the U.S. Civil Service Commission, Dallas, Tex. (2)
1-wk. course, "Management for Supervisors," given at the Laboratory by

representatives

of the Central and Regional
Offices (20)
3-mo., 3-credit graduate (extension) course,
"Biological Oceanography," at Texas A&M

University's Departnnent of Meteorology and
Oceanography, Galveston, Tex, (14)
5 days training, "Seminar for Federal Executives on the Management of Human Resources," at the U.S. Civil Service Commission, Dallas, Tex. (3)

3-day course, on critical path techniques,
sponsored by the U.S. Army, Corps of Engineers, Galveston, Tex. (1)
2-day course, "Processing Personnel Actions," sponsored by the U.S. Civil Service
Commission, Houston, Tex. (1)
1-yr. correspondence course, "Technical
Writing," sponsored by the U.S. Department
of Agriculture (5)
1-yr. correspondence course, "Statistics
of Biological Assay," sponsored by the U.S.
Department of Agriculture (2)
1-yr. correspondence course, "Federal Personnel Procedures," sponsored by the U.S.
Department of Agriculture (1)
1-day course, "Introduction to Data Processing--Unit Record System," IBM, Houston,
Tex. (1)
3-day course, "Introduction to Computers,"
U.S. Army, Corps of Engineers, Galveston,
Tex. (1)
1-wk. training visit.
Bureau's Fishery
Oceanography Center, La Jolla, Calif. (1)
8-day course, "1965-- Training for Supervisors," U.S. Public Health Service Hospital,
Galveston, Tex, (3)
5 days,
"Radiological Monitor Instruction
Course," Public Safety Annex to City Hall,
Galveston Civil Defense, Galveston, Tex. (1)
2-day "Plain Letters Course," sponsored
by the U.S. General Service Administration,
Miami, Fla. (1)
5-day course, "Know the Direction," Management Institute, Mianni, Fla, (1)

SEMINARS
Eight seminars were held at the Laboratory:
"Distribution and abundance of postlarval
and early juvenile stages of the brown shrimp
in Galveston Bay" by R. D. Ringo
"Survey of Brazilian inland fisheries" by

Kimsey
"Measurement

J. B.

of ocean currents" by J. N.
Carruthers
"Systematics of Lake Lanao (Philippines)
cyprinids" by C. Wood
"Rearing and taxonomy of larval shrimp"
by H. L. Cook
"Temperature and growth of juvenile shrimp"
by Z. P. Zein-Eldin
"Ecological implications of shrimp parasite's life history" by D. V. Aldrich
"Shrimp fisheries of South America" by

M.

N. Mistakidis,

In
^

Number

of

persons attended.

FAO.

February 1965,

gram review enabled

a 4-day, informal prothe entire staff to discuss

the progress as well as direction of the Lab-

oratory's

many research

activities.

MEETINGS ATTENDED
Gulf States Marine Fisheries Commission's
Shrimp Research Committee, New Orleans,
La., July (3)2
Annerican Institute of Biological Sciences,
Boulder, Colo., August (2)
American Society of Ichthyologists andHerpetologists, Morehead City, N.C., September (1)
American Fisheries Society, Atlantic City,
N.J.,

September

(4)

American Fisheries Society (Southeastern
Division), Clearwater, Fla., October (1)
Gulf States Marine Fisheries Commission,
Brownsville, Tex., October (3)
Gulf and Caribbean Fisheries Institute, Ocho
Rios, Jamaica, November (1)

Ninth Annual Water For Texas Conference,
College Station, Tex., Novennber (1)
Texas Shrimp Association, Brownsville,
Tex., January (2)
Laboratory Director's nneeting. Fishery
Oceanography Center, La JoUa, Calif., January (1)
Committee for the Scientific Exploration
of the Atlantic Shelf (SEAS), Wash., D.C.,

February

(I)

Gulf States Marine Fisheries Commission,
Mobile, Ala., March (2)
Interagency Motor Equipment Management
Conference, Dallas, Tex., March (1)
Senninar on Management of River Basins,
University of Texas, Austin, Tex., April (1)
Safety Management Seminar, Wash., D.C.,

May

(1)

Regional Staff Conference, St. Petersburg
Beach, Fla., May (1)
Special
Libraries Association Meeting,
Philadelphia, Pa., June (1)
Ocean Science and Ocean Engineering Conference with Exhibit, Wash., D.C., June (1)
Shrimp Association of the A-mericas, Mianni,
Fla., June (1)
Texas Professional Photographers Association, Austin, Tex., June (1)

WORK CONFERENCES
Meetings with officials of the Bureau of
Reclamation, Bureau of Sport Fisheries and
Wildlife, and states to work out details of the
Service's contribution to Reclamation's report
on the Texas Basins Project, Wash., D.C.,
July, September, February, and June (1)^;
Austin, Tex., August (2); Amarillo, Tex.,

September (1)
Meetings with representatives
Sport

of
2

3

Fisheries

See footnote

1

on page

and
2.

of the Bureau
Wildlife and the

Louisiana Wild Life and Fisheries Commission
discuss continuing research on the effects
of the Mississippi River-Gulf Outlet Project,
New Orleans, La., August (2); Vicksburg,
Miss., January, March, and April (1)
Participation in Department's Biennial Conference of Librarians, Wash., D.C., September (1)
Regional Staff Conference, St. Petersburg
Beach, Fla., October (1)
Bureau-sponsored "red-tide" symposium,
St. Petersburg Beach, Fla., October (3)
Meeting of U.S. Fish and Wildlife Work
Group to determine water needs in the Sabine
River Basin, April (1)
Conference in St. Petersburg Regional Office on contract research. May (2)
to

PUBLICATIONS
Diener, Richard A.
1965a. Texas estuaries and water resource
development projects. Proc. 9th Annu.
Conf. Water Tex.,
Tex. A&M Univ.,
25-31.
1965b. The occurrence of tadpoles of the
green treefrog, Hyla cinerea cinerea
(Schneider), in Trinity Bay, Texas.
Brit. J, Herpet. 3(8):198- 199.
Klima, Edward F.
1965. Evaluation of biological stains, inks,
and fluorescent pigments as marks for
shrimp. U.S. Fish Wildl. Serv., Spec.
Sci. Rep. Fish. 511, 8 p.
Marvin, Kenneth T., and Raphael R. Proctor,
Jr.

the
ammonia-nitrogen
1965. Stabilizing
content of estuarine and coastal waters
by freezing. Limnol. Oceanogr. 10(2):
2-88-290.

Roithmayr, Charles M.
of
1965. Review
industrial
bottomfish
fishery in northern Gulf of Mexico,
1959-62. Com. Fish. Rev. 27(l):l-6.

MANUSCRIPTS IN PRESS
Aldrich, David V.
Observations on the ecology and life cycle
of Prochristianella penaei Kruse (Cestoda:

Trypanorhyncha).

J.

Paras itol.

(19

MS.

p.,

4 figs.).

Cook, Harry L., and M. Alice Murphy.
Early developmental stages of the rock
shrimp, Sicyonia brevirostris Stimpson
reared in the laboratory. Tulane Stud.
,

Zool. (29 MS. p., 14 figs.).
Costello, T. J., and Donald M. Allen.
Migrations and geographic distribution of
pink shrimp, Panaeus duorarum of the
Tortugas and Sanibel grounds, Florida.
Fish Wildl. Serv., Fish. BuU.
U.S.
,

(23

MS.

p., 7 figs.).

Marvin, K. T., and R. R. Proctor.
Comparison of two methods of N-ethylcarbazole carbohydrate analysis. U.S.
Fish Wildl. Serv., Fish. Bull. (6 MS. p.,
1

Zein-Eldin, Zoula P., and Edward F. Klima.
Effects of an injected biological stain on
oxygen uptake by shrimp. Trans. Amer.
Fish. Soc. (7 MS. p., 1 fig.).

fig.).

MANUSCRIPTS SUBMITTED

Mock, Cornelius R.

Range

extension of the sipunculoidean
annelid Phascolion strombi (Montagu) in
Tex. J. Sci. (3
the Gulf of Mexico.

MS. p.).
Parker, Jack C.

An

annotated checklist of
System,
Galveston Bay
Instit.

Mar.

Sci. (46

MS.

p.,

the

fishes

Texas.
1

of

Publ.

fig.).

U.S. Fish and Wildlife Service.
Laboratory, Galveston, Tex.,
Biological
fishery research for the year ending
June 30, 1964. U.S. Fish Wildl. Serv.,
Circ. (109 MS. p.).
Zein-Eldin, Zoula P., and David V. Aldrich.
Growth and survival of postlarval Penaeus
aztecus
under controlled conditions of
temperature and salinity.
Biol. Bull.

(Woods Hole) (35 MS.

Chapman, Charles R.
The Texas Basins Project. Trans. Amer.
Fish. Soc. (20 MS. p., 6 figs.).
Kutkuhn, Joseph H.
The role of estuaries in the development
and perpetuation of commercial shrinnp
resources. Trans. Amer. Fish. Soc. (72

MS. p., 2 figs.).
Mock, Cornelius R.

A new

locality

record

for

the

lancelet,

Branchiostoma caribaeum Sundevall, on
the Texas coast. Copeia (2 MS. p.).
Roithmayr, Charles M.
The industrial bottomfish fishery of the
northern Gulf of Mexico, 1959-63. U.S.
Fish Wildl. Serv., Spec. Sci. Rep. Fish.
(46

p., 6 figs.).

MS.

p., 8 figs.).
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SHRIMP BIOLOGY PROGRAM
Shrimp Biology Program is
provide an understanding of the
life history of commercially important shrimp.
Sound nnanagement practices can then be
established to ensure full utilization of this
valuable resource.
During fiscal year 1965, research cruises
were made in the waters over the northwestern Continental Shelf of the Gulf of
Mexico between the Mississippi River and
Brownsville, Tex, Each month, biological and
hydrological measurements were obtained at
41 sta1;ions, ranging in depths fronn 4 to 60
fath.
At each station, sampling procedure
entailed making a 20-min. plankton haul with
a Gulf-V plankton sampler and obtaining temperature and salinity measurements at various
depths. One-hr. tows with a 45-ft. shrimp trawl
were made at selected stations, and drift
bottles were released during several months.
We also made shorter cruises to obtaingravid
shrimp for experimental rearing of the larvae
and to measure water currents (fig. 1).
One of our major problems has been to
identify larval shrimp in plankton samples;
therefore, we have spent considerable effort
in attempting to rear shrimp of known parentage and accurately describing each stage.
Research

designed

to

of the

During this past year, we made

a major adwhen brown shrimp Penaeus
aztecus ), pink shrimp (P. duorarum ), and
Trachypeneus similis were successfully reared
to postlarvae. Further advancement was made
toward developing a mass culture technique
for shrimp. Two species of penaeid shrimp
were reared in mass culture, to which, in
addition to food, the only additive was disodium salt of the metal chelator E.D.T.A.

vancement

(

(ethylenediaminetetraacetic).
In conjunction with the study of planktonstage abundance and distribution, we continued investigating the possibility that postlarvae of the Penaeus species concentrate on
the bottom before they move into nursery
areas.
By nnodifying a Clarke- Bumpus
sampler ^ and mounting it on a sled, we were
able to collect plankton samples within 5 to 6
in. of the bottom. Our search for postlarval
Penaeus however, was unsuccessful. Analysis
of regularly collected plankton samples continued, and 2 yr. of comparable data are now
available.
,

'Trade names are used
only.

the

in this

report for identification

Their appearance does not Imply endorsement by

Bureau

of

Commercial Fisheries.
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1.

Monthly

isohaline and isothermal charts
the temperature and salinity
data collected concurrently with biological
samples. In addition, we made several 24-hr.
current studies in an effort to evaluate the
role of water currents in the inshore transport of larval shrimp.
The examination of fish samples collected
for the Industrial Fish Program has been
completed, providing 3 yr. of data. These
data are being analyzed to determine seasonal
distribution and abundance of many fish species;
particular emphasis is directed toward investigating the possibility of co-occurrence of
fish and shrimp populations.
A new project, "Cultivation of Shrimp in
Artificial Ponds," began in December 1964.
Although success has varied in our first
attempts to rear shrimp in manmade ponds,
the resulting information should enable us to
assess the factors that affect growth and survival of shrimp reared under seminatural
conditions.
At our Miami Field Station, personnel have
been engaged in another relatively new phase
of research designed to study the ecology of
juvenile pink shrimp in Florida Bay. Considerable effort was spent in developing a suction
dredge that would quantitatively sample shrimp
and other fauna. Systematic sampling is now

were drawn from

in

progress.

Robert F. Temple, Program Leader

90°

92°

— Offshore station pattern for operations

of the

88°

Shrimp Biology Program.

OCEANOGRAPHIC OBSERVATIONS ON THE
CONTINENTAL SHELF OF THE NORTHWESTERN GULF OF MEXICO
With the continuation of this project in fiscal
year 1965, physical oceanographic measurements and meteorological observations were
made monthly at 41 stations over the Continental Shelf of the northwestern Gulf of
Mexico (fig. 1). About 700 bathythermograph
slides and 2,000 water samples have been
processed during the year, and the resulting
data analyzed and filed.
Surface Salinities

The distribution

of surface salinities varied
during January to March 1964.
Isohalines paralleled the Louisiana and Texas
coasts and ranged from 30.0 p.p.t. (parts per
thousand) along the shoreline to 36.0 p.p.t. out
to the 10-fath. contour. Beyond this point,
salinities were close to 36.5 p.p.t. Deviations
from this general distribution were evident in
February when two intrusions of water in
excess of 36.8 p.p.t. extended onto the Continental Shelf areas of Texas and Louisiana.
Remnants of these intrusions were represented
in March by two isolated, high- salinity water
masses in about the same areas as the

slightly

February intrusions.
Surface salinities changed markedly with
increased river discharge in April and June.

'

9T

•

96*

95'

l-ml-IHnl-IMI-lt-IH Hl-IH TTtT-H

HkH

TSfrprB H H H H^iHH H H H H H RH

96»

97'

96-

95"

9a°

95"

94*

jjij_H_HjjirFrtad-H_kjd H.b-tcH:tei

I

Flgure

H

|-i

97»

»o2.

H

fcL|jJj_a_|rm
96"

1-1

H H i-rFrFrFrprn
95"

92»

RT-I

|-l

HH

[-1

M M y M

t

90"

91*

ck

nnHHH H"Hi-i'-'H'-' pr H'-''-'H'-''-'h'
93"

9fl'

— The distribution of surface salinity on the
from June 17

HH 4J H l-t|-IHM|-IHH|-l

91*

to 28

92*

9r»

'

-"-'M'-"-'|-''-"''
90*

\if

"
6*-

Continental Shelf of the northwestern Gulf of Mexico

and July 9 to

19, 1964.

Salinities as low as 14.0 p.p.t. were observed
along the Louisiana coast. These low- salinity
waters apparently flowed westward and extended over the Continental Shelf along the
Texas coast where salinities were as low as
32.0 p.p.t. 60 miles offshore (fig. 2). This

freshening of coastal waters, coupled with an
extensive shoreward intrusion of high- salinity
waters, resulted in a steep salinity gradient
along the Louisiana coast.
The distribution of salinities in July and
August suggested an apparent shift in surface
currents. The intrusion of high- salinity waters
observed earlier along the Louisiana coast
had shifted and was now evident along the
central Texas coast.
The effects of decreased river discharge
became apparent in the salinity distribution
from September to December. Conditions similar to those from January to March prevailed
generally throughout the study area. Isohalines
paralleled the coast and ranged from 30.0
p.p.t. inshore to 36.5 p.p.t. offshore. The only
offshore extension of moderately low- salinity
water (34.0 p.p.t.) was in September, south of
Morgan City, La., and extended offshore beyond
the limit of the study area.

Surface Temperatures

Seasonal warming and cooling of surface
waters in 1964 were closely related to seasonal
changes in prevailing air temperatures Yearly
temperature ranges, however, decreased with
increase in distance from the coast. Shoreward of the 7^-fath. contour, surface water
temperatures varied over a range of 21.0 °C.
(37.80F.), but they varied only 14.0°C.
(25.3 °F.) over the 60 fath. contour. Lowest
temperatures (10.0°C. or 50.0°F. inshore
and 19.0 OC. or 66.2 ° F. offshore) occurred
in January off the Louisiana coast; highest
temperatures (31.0°C. or 87.80F.), also
along the Louisiana coast, were recorded in
August.
.

Bottom Temperatures

Warming and cooling at the bottom are
not the steady progressions seen at the surface. Bottom values reach their maximum
at the time of fall turnover- -during late summer in the shallower waters and gradually
later offshore where conditions are unifornn
in December or January. Bottom temperatures shoreward of the Tj-fath. stations fluctuated over a range of 21.0OC. (37.8 o F.), but
varied only 3.0 OC. (5.4 ^F.) at the outermost
station (60 fath.). The highest bottom values
(30.0 °C. or 86.0 OF.) were inshore in August
and offshore (19.0OC, or 66.2 °F.) between
October and January. During September and
December, when offshore bottom temperatures
were still increasing, coastal waters were

consequently, cooler temperatures
prevailed inside and outside a zone of warmer
waters located between the 15- and 25-fath.
contours.
cooling;

Studies of Currents

Plans for a more intensive study of water
currents and their role in larval shrimp transport from offshore spawning grounds to estuarine systems have been outlined and preliminary phases completed. In May 1965, a 24-hr.
anchor station was maintained through use of
a transistorized savonius-type current meter
and several Carruthers gelatin bottles to
measure currents. The aims of this work
were: (1) to develop a system and technique
for making gelatin-bottle casts, (2) to compare
the results from each type of instrument, and
(3) to measure existing water currents on
of white shrimp.
position off the Louisiana coast in the
center of fairly extensive white shrimp fishing
was selected for current studies. Hourly observations, with both instruments, were made
at depths of 10 and 23 ft. Additional observations were made 1 ft. above bottom with the
gelatin bottle and 10 ft. above the bottom with
the Savonius current meter. An efficient system
was developed for making gelatin-bottle casts,
and results showed similar readings from the
different instrunnents (fig. 3). At depths of 10
and 23 ft., the difference between instruments
in resultant current directions did not exceed
and resultant velocities varied no more
7

spawning grounds

A

,

.

tonic stages were more abundant in 1963 than
in 1962 (table 1). This difference was caused
by a twofold increase in numbers of Penaeus
species and "TX" species in the western
portion (Galveston to Brownsville) of the
study area. (Young shrimp of the genera

than 0.17 kn. Progressive vector analysis
revealed a westerly current at all depths; the
velocity decreased as depth increased. The
average resultant current at 10 ft, was flowing
285 at 0.85 kn., whereas the current at 23 ft.
averaged 277
at 0.55 kn. Although direction
and velocity differences between instruments
were slightly greater within 10 ft. of the
bottom, currents were also flowing westerly.

Trachypeneus and Xiphopeneus are connbined
and designated " TX " in this report because
it is impossible now to differentiate between
thenn.)

David

Harrington, Project Leader

L..

Distribution and Abundance of Shrimp Larvae

A

thorough knowledge of the

Spawning, as indicated by the scarcity of
early stages (naupliar and protozoeal) in plankton samples, was low in January to March.
During this period, planktonic- stage Penaeus
species were present in most of the survey
area except for an area southeast of Corpus
Christi, Tex. Concentrations were greatest
inside the 15-fath. contour and extended along
the coast from central Texas to Louisiana.
About 55 percent of the catch was postlarval
shrimp. Postlarval brown shrimp were entering the bays during this time, and about 50
percent of the total postlarval catch was taken
at 4|-fath. stations (fig. 4).
In April to June, the increase in numbers of
naupliar and protozoeal stages in plankton hauls
over those during the previous 3-mo. period
indicated increased spawning. Planktonic
stages were widely distributed over the survey area; the greatest concentrations were
off the Texas coast in the depth zone bounded
by the 15- and 25-fath. contour lines.
The high catch of protozoeal stages indicated
continued spawning in July to September,
Planktonic-stage Penaeus species were more
widely distributed than in any previous period
and were concentrated most heavily along the
Texas coast in 15 fath, southeast of Galveston,
in 7| fath. northeast of Corpus Christi, and in
4| fath. northeast of Brownsville. These three
areas are in a zone of high concentration that

history of
essential to

life

the planktonic stages of shrimp is
understand and manage offshore shrimp populations. To attain this knowledge, we have,
since 1962, been extensively sampling offshore
in the northwestern Gulf of Mexico. W e collected
plankton samples nnonthly at predetermined
stations along transects extending from 4^ to
60 fath. At each station, a 20-nnin., "stepoblique" plankton tow is nnade with a Gulf-V

plankton net. We sorted penaeid shrimp larvae
and postlarvae from the samples. The resulting data, reported in number of organisms
per 100 m.^ (3,534 ft. 3) of water strained,
provided information on seasonal and areal
distribution and abundance of planktonic- stage
penaeids. All samples collected through
December 1963 have been examined, providing
2 yr. of comparable data for the survey area.

Catch Composition between 1962 and 1963
Six genera of planktonic- stage penaeids
occurred in plankton samples fronn the survey area: the comn-iercially important shrimp,
Penaeus (white, brown, and pink shrimp), and
the nonconnmercially important shrinnp genera,
Trachypeneus
Xiphopeneus
Sicyonia
Solenocera
and Parapenaeus
Catch data
grouped for all genera indicated that plank,

,

,

.

,

Commercial

Seasonal Distribution of
Species, 1963

Table 1. --Average catch per unit of effort of six genera of shrimp,
northwestern Gulf of Mexico^
1962

1963

Genus

East

West

15
7

Penaeus

Both areas
10
25

5

13
36
21
7

.

1

2

6
2

Total...

36

79

58

"TX"2

Sicyonia
Solenocera
Parapenaeus
.

East
10

32

West

Both areas
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Figure 4.— Distribution of planktonic stages of species of Penaeus
January to March 1963.

extended from 15 fath. south of Cameron, La.,
the westernmost transect northeast of
Brownsville, Tex. To the east, a small concentration occurred just west of the Mississippi
Delta in 15 and 40 fath.
In October to December, spawning continued
to increase as is shown by the greater numbers of early larval stages in plankton hauls.
Although planktonic stages were again widely
distributed, they occurred primarily in waters
outside the 7j-fath. contour. Highest concentrations were restricted generally to a zone
between the 15- and 25-fath. contours in the
west and to the 25-fath. zone in the east.
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Seasonal Trends in Abundance, 1962 and 1963
Trends in the abundance of Penaeus larvae
(postlarvae excluded) at comparable depths
were similar in 1962 and 1963. In the 7|-fath.
depth zone, numbers of larvae increased in

1

1

1

1

1

r

FATHOMS

;

1

1

1

1

r

35-60 FATHOMS

the spring, nnaintained a relatively high level
through summer, and decreased in the fall. In
15 to 25 and 35 to 60 fath. of water, two peaks
of abundance were evident- -one in late spring
and early summer and the other in the fall.

m

10

Greatest numbers of larvae were taken during
the fall. In both years, about 22 percent of the
total, weighted larval catch occurred in 7|
fath., 58 percent in 15 to 25 fath., and 20 percent in 35 to 60 fath. (fig. 5).
Earlier data indicated that larval abundance
was closely related to water temperature,
particularly landward of 25 fath. In 1962,

Figure

5.

— Abundance of

Penaeus larvae

in

7| fath., 15-25 fath., and 35-60 fath., 1962.
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depths of

end of the tank and recirculated through a
filter of crushed oyster shell without damage
to the larvae. Water is recirculated through
the filter from the tinne the ripe shrimp is
placed in the tank until the eggs hatch and
the first protozoeal stage begins to feed.

seasonal trends in larval abundance and seasonal changes in water temperature seemed
to be related. In 1963, however, this relation
was not as apparent; it seems that spawning,
larval abundance, or both, may not be related
to a specific temperature but perhaps to changes
in temperature.

Subsequently, the water is filtered only for
I
hr. a day. A metering pump furnishes a
constant supply of the diatonn, Skeletonema
species, as food. A light beneath the tank
attracts the larvae on the bottonn; however,
an air bubbler in the tank disperses the larvae
throughout the tank.
Using the equipment and techniques described above, we have successfully reared
brown and pink shrimp. During these two
experiments, temperatures ranged between
26° C. (78.8° F.) and 27° C. (80.6° F.), and
salinity varied from 24.1 p.p.t. to 20.5 p.p.t.
Under these conditions the first postlarva

Noncommercial Species
Distinct patterns of depth distribution and
trends of abundance were evident for the noncomnnercial planktonic- stage penaeids in our
plankton hauls. Species of Sicyonia and " TX "
occurred most frequently inside the 25-fath.
contour, whereas species of Solenocera and
Parapenaeus were most frequently found in
deeper waters. In addition, species of Sicyonia
"
TX" and Solenocera occurred in greater numbers between August and October; species of
Parapenaeus were nnost abundant in January

was observed on the 13th day after hatching,
and almost all larvae had metamorphosed to

and February.

postlarvae by the 15th day.
In an effort to determine optimum conditions
for population growth and maintenance of
organisms to be tested as food for larval
shrimp, four diatonns, two flagellates, and
three dinoflagellates were each cultivated in
nine different media. Although cell nnultiplication varied with the species and media tested,
each organism produced the greatest nunnber
of cells in Miquel's sea water with soil extract.
The population did not increase in sea-water
controls. A similar experinnent tested the
effects of five fertilizers on population growth
of the diatom, Skeletonema species. In promoting rapid growth, fertilizer composition
appeared less important than its concentration. Dilutions in the range 1/ 10,000- 1/ 100,000
induced greater increases in cell number
than did stronger or weaker concentrations.
Two attempts to maintain 50-gal. cultures
of Skeletonema with commercial fertilizers
as a nutrient source in water from the laboratory's sea-water system proved unsuc-

Clarence C. Fischer, Project Leader

IDENTIFICATION AND CULTURE
OF SHRIMP LARVAE
The prinnary aim of this project is to
develop nnethods of rearing penaeid shrimp
so that larvae of known parentage may be
comparative
obtained
for
morphological
studies. During the past year three species
have been reared to postlarvae: brown shrimp,
pink shrimp, and Trachypeneus similis
A
preliminary examination showed that brown and
pink shrimp larvae had no significant differences in setation or other easily observed
body parts. The ratios of various body parts
might be significantly different, but the larvae
were too few for a detailed study. Several
series of larvae, obtained at different seasons
from females of each species, are now being
accumulated for examination.
A secondary goal is to determine methods
of rearing penaeid larvae en masse to supply
shrimp grown under known conditions for
physiological and pond-culture studies. In
early culture experiments, larvae in limited
numbers could be reared to postlarvae only
when they were held in enriched sea water,
which was changed daily. In recent rearing
trials, larvae of both brown and pink shrimp
have been reared in sea water in 20-gal.
(gallon) mass cultures with disodium salt of
the metal chelator E.D.T.A. the only additive.
Development of an effective screening and
.

later, however, following the work
Johnston (1964),^ we found that by adding
E.D.T.A. in a concentration of 1 g. (gram)
per 100 1. (liters) (about 15 g. per 25 gal.)
of sea water, we could easily maintain mass
cultures. The culture tanks are indoors, well
aerated, and constantly illuminated with about

cessful;
of

1,000 ft.-c. (foot-candles) of fluorescent light.
a peak density, we
have maintained vigorous cultures by drawing
off and
replacing two-thirds of the water
in the tank daily.
Work continued on how various environmental conditions and foods affect larval

Once the diatoms reach

system (fig. 6) made it possible to
discontinue the use of antibiotics during spawning and hatching. One end of a 20-gal. fiberglass tank has been fitted with a nylon screen
of a mesh size too small to allow the eggs
or larvae to pass through (0.18 nnm. or 0.007
in.). Water is then pumped from the screened
filtering

development. We completed one temperature
experiment with brown shrimp larvae. Larvae
^Johnston, R., 1964. Sea water, the natural medium of
II. Trace metals and chelation and general
discussion. J. Mar. Biol. Ass. U.K. 44 (1): 87-109.
phytoplankton.
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reared at 18° C. (64.4° F.) and 21° C. (69.8°
F,) died during the molt to first protozoeae;
first postlarval stage was reached in 15 days
at 24° C. (75.2° F.), in 12 days at 27° C.
(80.6 F,), and in 11 days at 30° C. (86.0° F.).
Six different organisms were tested as food
for Trachypeneus similis larvae, with Skeletonenna species as a control. Gymnodinium

METERING PUMP

;

Harry

2 DIATOM CULTURE

6 PUMP
7 PLANKTON SCREEN

3 MAGNETIC STIRRER

8 AIR STONE

4

9 LIGHT

1

AIR

PUMP

5 CRUSHED OYSTER SHELL FILTER
POSTLARVA

splendens gave the best survival; the Dunaliella
species and Thalas si osira species, and a
Euglenoid all gave better survival than
Skeletonema and two unidentified dinoflagellates gave poorer survival.
L. Cook, Project

10 lOO-LITER FIBERGLASS AQUARIUM

Leader

Three wk. after stockbegan sampling shrimp weekly to
obtain information on their growth.
Water samples have also been collected
periodically and analyzed for dissolved oxygen,
pH, nitrite, nitrate, total and inorganic phosphate, and chlorophyll. In addition, we have
measured salinity and temperature daily. Average weekly temperature and salinity values
obtained during the first 11 wk. of the initial
experiment are presented in table 2.

to eliminate predators.

CULTIVATION OF SHRIMP
IN ARTIFICIAL PONDS
to

ing,

This project was started in December 1964
determine the feasibility of culturing shrimp

commercially
conditions.

in

ponds

under

seminatural

More

specifically, this research
give information on the cost

designed to
pond construction and maintenance and
provide data on environmental factors within
the pond that nnay affect growth and survival
rate of pond-held shrimp.
is

of

we

Preliminary Results

Procedures

In the static-water pond a lush growth of
plankton was obtained during the first 3 wk.
after stocking. Plankton counts showed an
increase in numbers of flagellates and dinoflagellates followed by an increase in rotifers.
At the end of the 3-wk. period, we tried unsuccessfully to catch shrimp. When we drained
the pond, we found no shrinnp. The bottom of
the pond had a smelly black layer. The shrimp
mortality was probably caused by low oxygen
content, which we attribute to the lush growth
and death of plankton.
This pond, after being thoroughly flushed and
refilled, was again stocked with about 6,000
postlarval brown shrimp on May 6. Water

A

different rearing technique is being attempted in each of the two ponds (100 ft.
by 50 ft. by 4 1/2 ft.). One pond (circulatingwater pond) has a continuous exchange of
water filtered through oyster shell, and the
shrimp are fed daily with a prepared diet.
In the other pond (static-water pond), we add
water only to compensate for evaporation loss,
and add commercial fertilizer to promote the
growth of plankton for natural food for shrinnp
(fig. 8).

Stocking of the ponds with postlarval brown
4 days and was completed
April 1, 1965. Final production was tentatively
estimated at 125 lb. (pounds) of 26- to 30count shrimp per pond. Limited data on
mortality of reared shrimp indicated that to
attain this goal, an initial stocking of about
9,000 postlarval shrinnp would be required
in each pond. These postlarvae were collected
as they migrated into the Galveston estuarine
system and were "hand-picked" in an attempt

shrimp required

Figure

8.

— Ponds

fertility

was not adjusted,

for

we

felt that

residue from the fertilizer originally used
might be annple to ensure adequate plankton
growth. Data obtained on growth in length
and weight of shrinnp during the next 6 wk.
supported this assumption. Growth in length
averaged 1.5 nnm. (0.06 in.) per day, and in
weight 0.07 g. (0.0025 oz.) per day (fig. 9).

dredged for cultivation of shrimp.
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Figure

11.

— Sampler designed for use with
chemical repellant.

Figure

10.

— Subenvironments In

Florida Bay.

shrimp enclosed, but

the sampler could be
used only in shallow water. With the
hood attached, the gear functioned satisfactorily in deeper waters but did not capture

sampling gear. It was learned that trawls
and stationary traps with directive leads had

all

easily

limitations that made them unsatisfactory.
We then began developing equipment to adequately sample shrimp from the substrate
enclosed under a metal container.
In the first device (fig. 11), the release of a
chennical repellant within the container drove
the enclosed shrimp and associated organisms
into an attached nonreturn trap. This sampler
was effective in obtaining a quantitative sample of shrimp except when very small shrimp
were present. Shrimp less than about 20 mm.
(0.8 in.) total length did not avoid the repellant
as did larger individuals.
We also developed a suction dredge. This
dredge operates on the venturi principle. Water
pumped at 35 lb. per sq. in. pressure
is
through a pressure nozzle into a venturi tube.
A vacuum is created, and strong suction
forms in the attached sampling hose. Water
is then discharged into a collecting screen.
To determine the most efficient use of the
3-in. sampling hose, we tested several methods
of enclosing the area to be sampled. Enclosures tested were: (1) a trough, 1/12 m.^
(0.9 ft.^), with sliding top through which the
suction head is inserted; (2) a cylinder,

shrimp enclosed.
To elinninate problems encountered in the
use of enclosures, the suction head was atall of the

tached

to a specially constructed sled (fig. 12).
parallel keels or guides were affixed on
the underside of the sled and the suction head
was mounted between the guides at right
angles to the substrate. These guides limit
the width of the swath "vacuumed" to 80 mm.
(3.1 in.). A hand winch is used to draw the
sled at a standard speed. Pump, venturi
tube, intake, and discharge collection screen
are supported by a specially designed raft
that is attached to and drawn behind the sled
by the sampling hose. This unit can be quickly
taken apart and put together and is readily

Two

transported on a 20-ft., shallow-draft boat.
In
in

60

a beam trawl
water, the average

comparative trials with

cm.

(23.6

in.)

of

catch by suction sampler was 13.5 Penaeus
shrimp per square meter vs. 1.4 shrimp per
square meter by the beam trawl. In addition
to taking penaeid shrimp, the suction sampler
collected
caridean shrimp, am phi pods,
isopods, crabs, moUusks, worms, and fish.
We are still studying the efficiency of the
suction sannpler in capturing all or a known
percentage of the shrimp lying in its path.

l/lO m.2 (1.1 ft. 2), from which all water can
be exhausted; and (3) a hood, l/lO m.2 (1.1
ft. ),
attached to the suction head. With the
first two enclosures the suction head captured
16

within Florida Bay. These stations include a
variety of habitat types in respect to substrate
and vegetative cover. These stations are 12,5
by 12.5 m. (186,9 sq. yd.) and are marked so
that repeated samples can be obtained from
the same area. The inner border of each
station parallels the shoreline. Exploratory
sampling revealed that postlarval and juvenile
shrimp are often concentrated in marine
vegetation near the low-water mark in a
zone paralleling the shoreline. (Samples 1 to
4 in table 3 were taken parallel to the shoreline

and sample

line.)

For

a

5

perpendicular

to the shoreof abun-

more accurate measure

sampler is drawn
dance,
therefore,
the
perpendicular to the inner and outer borders
of the station. At each station, two tows are
made at not less than 2-wk. intervals. Possible
habitat changes due to repeated sampling are
minimized because such a small proportion
of the station is disturbed.

Preliminary Results

Figure 12.

— Sled with suction head affixed between parallel
guides.

Sampling began April 1965 after we made
final refinements to the suction dredge. Results obtained in three areas are compared
in table 4.
The lack of quantitative measures of pink
shrimp abundance in the past precludes more
than a general evaluation of pink shrimp
densities in Florida Bay at this time. When
compared with the Biscayne Bay values of
7.0 and 2.2 shrimp per square meter (10.8
densities of 1.5 and 0.8 shrimp per
ft. 2),
square meter in Florida Bay may be low.

Sampling procedure
Sampling stations were establisheci in shallow
water near the shores of salt-water lakes

—

Thomas

J. Costello, Project Leader
and Donald M. Allen

Table 3. Postlarval and juvenile pink shrimp zonation
in shallow-water sea-grass beds in Biscayne Bay^

Sample number

—

Table 4. Comparison of postlarval and
juvenile pink shrimp abundance between
interior Florida Bay, Atlantic Florida Bay,
and Biscayne Bay, March to May 1965
[

Numbers within parentheses indicate number
of samples]

Table 5. --Average fish catch per unit effort
over the Continental Shelf, northwestern
Gulf of Mexico in 1964

4 $

7.5 fm.

12
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mercial landings of the smallest size category
of pink shrimp (68 count and over) shows
wide variation. It is best described by using
a 2-mo. lag for migrating shrimp of less
than 12 mm. (0.47 in.) and by using a 1-mo.
lag for shrimp of 12 mm. (0.47 in.) or larger.
Although variations do exist, the numbers of
small shrinnp moving through Buttonwood Canal
may provide a reasonably reliable index from
which to predict numbers of shrimp that will
subsequently appear on the fishing grounds.
One yr. of sampling, with 13 small nets
placed from top to bottom across the canal,

migrating out of the Whitewater-Coot Bayestuary (via Buttonwood Canal) in Everglades
National Park and to deternnine the environnnental and biological factors that influence
this abundance.
Estimates of relative abundance are based
on the catches of emigrating shrimp collected in a large channel net fished in Buttonwood Canal. Regular monthly sannples have
been taken since January 1963. Inmost months,
we sampled ebb tides on consecutive nights
and made an abundance estimate from the
combined sannples of 2 nights. These data
show that if weather rennains reasonablysteady, the abundance from night to night
shows only nnoderate variation, especially
around tl;e time of the full moon. From our
analysis of 2 yr. of data, it appears that
periods of high relative abundance occur in
spring, summer, and early fall, but that interyear variation is considerable.
Periods of low relative abundance occur
during the late fall or winter and in the
spring. In 1963 and 1964, the spring low followed immediately after the spring peak of
relative abundance.
During 2 yr. of sampling, the monthly nnean
size of the shrimp (sexes combined) ranged

from

9.9

to

18.0

mm.

(0.38

to

0.71

has provided information on the distribution
of migrating pink shrinnp in Buttonwood Canal.
Results of this study, made during all moon
phases, suggest that nnost consistent numbers
of shrimp are on the surface during fullnnoon.
During the new moon the percentage of shrimp
taken in surface nets averaged 76 percent
(range 47 to 98 percent) of the total catch,
and during the full moon the numbers averaged 92 percent (range 79 to 99 percent).
The considerable variation found in earlier
wing-net samples (obtained in the top 1 m.
(3.3 ft.) of water) was probably caused by
sampling without regard to nnoon phase. Recent wing-net and channel-net samples taken
sinnultaneously during the time of the full
moon in February, March, and April have
shown a consistent relation. The variation in
abundance estimates observed fronn wing-net
samples can be reduced by fishing during
full-moon periods when the shrimp are close
to the surface.

in.)

carapace length and averaged 14 mm. (0.55
in.). In general, the snnallest shrimp appear
at times of high relative abundance. Annual
sex ratios were very close to 1:1 in 1963
and 1964.
Secondary objectives of the study are to
examine the relation between the abundance
of shrimp migrating out of the nursery area
and subsequent commercial catches on the
Tortugas fishing grounds and to develop gear
and techniques that can be used to measure
shrimp migrations from an estuary.
The relation of relative abundance of juvenile
shrimp in Buttonwood Canal catches to com-

C. P. Idyll, E. S. Iversen, and
B. Yokel, Project Leaders

Marine Science,
University of Mianni
(Contract No. 14-17-0001Institute of
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SHRIMP DYNAMICS PROGRAM
This program is concerned with developing
sound basis for management of shrimp
resources in the Gulf of Mexico. The general
philosophy underlying our work is that shrinnp
fisheries should be regulated to provide the
maximunn return to fishermen, in terms of
the weight or value of shrimp harvested, but
under conditions that do not reduce future
returns. In this context, future returns refer
to production in years to come as well as to
harvests that might be made if a brood of
shrimp were permitted to grow to a larger

lations

signed

a

reach
Pressures that occasionally develop from
changes in marketing practices or in consumer demands cause groups in the shrimp
industry to challenge the rationale behind such
regulations or to insist that more restrictive
laws be enacted and enforced. Conflicts nnost
commonly arise when a stock of shrinnp nnust
supply two types of markets--one that requires
small shrimp and another that deals in large
shrinnp. To answer problems of this nature
and to evaluate the merits of various regula-

size.

Management regulations currently
to

shrimp stocks

in the Gulf include

apply to inshore waters and are deto protect small shrimp until they
a size acceptable to local nnarkets.

applied

minimum

tory measures, we must
shrimp stocks from
view.

size laws, net size and mesh regulations,
catch quotas, and closed seasons. Most regu-

of

20

make

critical studies
points of

several

Figure

14.

— Staining shrimp for mark-recapture studies.

Major research of this program seeks to
determine the optimum size at which shrimp
should be harvested. An answer to this question can be obtained rather easily when we
have good estimates of the rates of growth
and mortality of shrimp. Good estimates,
however, are difficult to obtain because shrimp
live in a dynamic environment where growth
and mortality change continually in response
to seasonal differences in temperature, food
supply, predation, fishing pressure, etc. Each

lations

of the projects within the program is obtaining information needed to describe some

1965.

is
by mark-recapture experiments
which biological stains are the marking
agent. Records of the total fishing effort
expended by the fishery in catching marked
shrimp are used to estimate population losses
resulting from fishing and natural mortalities.
Gains in population weight are calculated
from the growth of the marked shrimp caught
in the fishery. The following paragraphs describe such a mark-recapture experiment
on the Tortugas grounds in early February

in

The Tortugas shrimping grounds include
an area about 50 by 80 miles off the southwestern coast of Florida. Water depths on
the grounds range from about 9 fath. on the
east to 30 fath. on the west. The fishing fleet,
which includes 200 to 400 vessels between
October and May, concentrates in depths of
10 to 20 fath. in an area that covers about a
quarter of the total fishing grounds.
Previous mark-recapture experiments on
the Tortugas grounds formed a basis for
the present study. We knew that shrimpmoved
slowly in a northwesterly direction over the
grounds and that marked shrimp are available
for capture during a 2- to 4-mo. period after
release. Therefore, stained shrimp released
in the eastern portion of the grounds in early
February should be recaptured from that time
until the fleet moves elsewhere in late May.
Because measures of fishing and natural
mortality obtained from prior experiments
have included a range of values, we wished
to obtain several independent estimates from
this
study in order to determine average
values under existing conditions. Further objectives were to obtain information on how
much shrimp grew during early spring and
how they dispersed over the fishing grounds.

aspects of shrimp growth and mortality.
A further means to ensure that fishermen
are able to realize maximum returns from
shrimp available for harvest is to provide
advance indications of where and when good
catches can be made. We have made substantial progress in predicting the abundance

brown shrimp from the numbers of post2 or 3 mo. earlier. Forecasting
the abundance of pink and white shrimp has
of

larvae caught

been perfected, but we have evidence to
suggest that this too can be accomplished.

not

Richard

J,

Berry, Program Leader

MARK-RECAPTURE EXPERIMENTS
Modern theories of fishery management
consider the simultaneous losses and additions in weight that occur in a population and
attempt to find the point in time at which
these two opposing factors are of equal magnitude. This point represents the average age
at which individuals in a population should
be harvested to obtain the greatest yield in
weight. A practical nnethod for estimating
rates of losses and additions to shrimp popu21

""
Ji

after release, the average
shrimp increased by about
whereas the average length of

first 2 mo.
of male

the

length

1-1/4 in.,
females increased by about 1-3/4 in.
Although we have not made a final analysis
of information from this experiment, it appears
at present that the data can be used to determine the size at which Tortugas pink shrimp
should be harvested,

Charles E. Knight, Project Leader

SIZE COMPOSITION

OF COMMERCIAL

SHRIMP LANDINGS
information about harvests is
manage any fishery properly. The
information we need includes total weights or
numbers caught, size composition of the catch,
fishing locations, methods of capture, and
amount of fishing effort expended. Information
of this nature on commercial shrimp harvests from the Gulf of Mexico is obtained
directly from the shrimp industry and is reported monthly in the Bureau of Commercial
Fisheries publication "Gulf Coast Shrimp
Data."
Because the industry uses two different
means for measuring the size composition
of landings, the comparability of these methods
must be determined. Shrimp unloaded at commercial shrimp houses are purchased from
fishermen on the basis of the number of headless shrimp per pound, i.e., 21 to 25,26 to 30,
etc. The size of shrinnp in a landing is determined by the box-grading or machine-grading
nnethods. Box grading is accomplished by
taking several 5-lb. samples of shrimp as
they are unloaded. The average number of
shrimp per pound in these samples deternnines the size category assigned to the landing. A box-graded landing is often assigned
to one or two size categories when, actually,
of shrimp of a large range of
it consists
sizes. Machine grading is the nnechanical
sorting of a landing into several size categories.
Reliable

necessary

to

To determine the reliability of size composidata from the two methods of grading,
we selected and measured samples of shrimp
from landings at a number of ports. At shrimp
houses using the box-grading method we measured lengths as the shrimp passed along the
conveyor belt between a vessel and the house
(fig. 17). Samples of shrimp from machinegraded landings were measured after grading.
The length measurements were later converted
to number of shrimp per pound for comparison
with the graded- size information.
Figure 18 compares the count size of
sampled shrimp with the reported size categories obtained from the box and machine
nnethods of grading. Actual size composition
of the box-graded shrimp has a much greater
range than that implied by the reported size
tion

Figure 17.

— Measuring shrimp from cnnveyor belt.

BOX -GRADED
LANDINGS

MACHINE -GRADED
LANDINGS

SHRIMP POPULATION STUDIES
The question of whether or not more stringent
conservation measures would increase shrimp
abundance has given rise to controversy among
some segments of the shrimp industry. Proponents of restrictive laws contend that overfishing and, especially, the harvesting of
small shrimp have caused a decline in landings. On the other hand, fishermen and processors who supply the demand for small shrimp
argue against such legislation. Little evidence
has been brought forth to date to support
either side. This report illustrates that present
harvesting practices probably have little real
effect on the abundance or long-term welfare

shrimp stocks.
Concern about shrimp resources becomes
especially widespread during years of poor
harvests. Concern was great in 1957 and 1961
when the Louisiana white shrimp crop failed
of

live up to expectations, and in 1961 and
1962 when catches of brown shrimp were
poor from Louisiana and Texas waters. Attention has also focused on the Tortugas pink
shrimp grounds off the southwestern coast
of Florida where some groups believe the
fishery is endangered because fishermen catch
too nnany small shrimp.
Landing data gathered from various shrimp
fisheries in the Gulf provide valuable information that can be used to gain insight into the
causes of fluctuations in shrimp abundance.
Detailed landing statistics on comnnercial
shrimp have been collected for all areas of
the Gulf since January 1956. Landing data
collected before that time often are not strictly
comparable because of variations in collecting
and recording practices. An exception may
be the landing data from the Tortugas grounds
which, fortunately, are available for most
of the years since the fishery began in 1950.
No marked changes or trends in the annual
landings from the Tortugas grounds have occurred during this 14-yr. period (fig. 19).
Years of better than average or poorer than
average harvests are evident, but occur with
no particular regularity. Likewise, the sizes
of the shrimp landed from the Tortugas grounds
have changed little during recent years. (See
to

table 7.)
These data indicate that neither
intensive fishing nor harvesting small shrimp
has had a significant effect on the Tortugas
pink shrimp population. The relative stability
of this fishery is of particular interest be-

—

Table 7.
Comparison of the sizes of pink
shrimp landed from the Tortugas grounds
luring recent and past years

Count category

1956
Figure 20.

'

1957

— Monthly landings

'

1958

of white

'

1959

'

I960

'

1961

1962

'

'

1963

'

1964

shrimp from Louisiana waters'and brown shrimp from Texas waters, 1956-64.

Gulf coast from Mobile Bay to the United
States-Mexican border indicate that the relative abundance of brown shrimp during a given
period is about the same throughout this area.
In years of high abundance, brown shrimp
are plentiful over the entire area, and during
years of low abundance, brown shrimp are
scarce over the area. The factors responsible for such widespread fluctuations in abundance are unknown, but are assumed to be linked
to oceanographic conditions. Taking this type
of
comparison one step further, figure 21
illustrates a relation during 1958-64 between
the abundance of brown shrimp along the
Texas coast and pink shrimp on the Tortugas
grounds. If the levels of abundance of shrimp
in these two widely separated areas follow
similar trends in the future, we will have
stronger evidence that widespread oceanographic conditions are responsible for much
of the difference between years of good and
poor harvests.
Fluctuations in abundance of white shrimp
do not correspond to those of pink or brown
shrimp, possibly because the former are
spawned in near- shore Gulf waters where the
effects of oceanographic factors are confounded
by influences of land origin. Like the brown
shrimp stocks, however, population levels of

TORTUGAS PINK SHRIMP

60r

1958

I960

1962

1964

Figure 21. --Comparative abundance of
Tortugas pink and Texas brown
shrimp, 1958-64.
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however, other factors suggest that the offshore harvest of brown shrimp may be somewhat greater in 1965. Postlarval brown shrimp
were caught at all sampling stations during

white shrimp are similar during a given period
over broad geographic areas. No single factor
has been shown to cause the yearly variations
in white shrimp abundance, but some evidence
suggests that changes in the salinity of shallow
coastal waters may play an important role.
A negative relation between the August to
December catch of white shrimp from
Louisiana and the velocity of spring water
flows in the Mississippi River suggests that
large harvests of white shrimp occur in those
years when the spring runoff is below normal.

winter of 1964-65, in contrast to their
near absence in samples of past winters. The
presence of postlarvae may have been related
to above-average water temperatures. We do
not know whether these postlarvae survived
short intervals of cold temperatures during
February and March. Also, measures of abundance of juvenile brown shrimp, in terms of
pounds caught per hour of fishing, were slightly
higher this year than in 1964. All factors considered, the 1965 catch of brown shrimp should
exceed that of 1964.
the

Salinity itself may not have a direct effect
on the survival of the larval white shrimp,
but it appears that some associated factor
is

involved.

We made

Even though the specific causes of fluctuations in shrimp abundance have not been
identified, it is becoming apparent that they
result from environmental changes that occur
over large parts of the Gulf Otherwise, measures of abundance of brown or white shrimp

special studies this spring of facinfluencing the movement of postlarvae
into nursery areas. Two 72-hr. studies were
performed at Rollover Pass, Tex., on March
22 to 25 and April 26 to 29. Sannples were
collected hourly over three complete tide
cycles with a l/2-m. (19.7-in.) plankton net
fitted with a flowmeter. A V-Series Ice Meter,
which records current velocity in feet per
second, was also used. Current velocities
during flood tides at Rollover Pass were found
to be double those recorded during ebb tides.
Apparently, a major peak of postlarval brown
shrimp was moving into the bay at the time
of the first study when 32,940 were caught.
Only 3,310 brown and 840 white shrimp postlarvae were taken during the second survey.
To some degree, postlarvae moved in both
directions with the current, but greater numbers were caught on flood tides. We learned
of no relation between time of day and numbers
of postlarvae caught.
A similar 72-hr. study was made on Galveston Island beach during April 5 to 7. Hourly
tows were made with a 5-ft,, hand-drawn
beam trawl. The net was carried out 100 ft.
into the surf, set, and pulled back to shore.
Dye was released in the sample area to determine surface current movement. Fluctuations
in numbers of postlarvae caught at this location may be related to time of day, because
68 percent of the 13,200 brown shrimp postlarvae were taken at night. Additional studies
tors

.

would not be similar over wide geographic
areas nor would a correspondence be found
between population levels of Texas brown and
Florida pink shrimp. Similar densities of
shrimp over broad and widely separated areas
are also interpreted to mean that other factors
affecting shrimp abundance, such as differences in fishing intensities and in laws governing harvesting practices, have slight injfluence
on population levels.

Richard

J.

Berry, Project Leader

ABUNDANCE OF POSTLARVAL AND
JUVENILE SHRIMP
Past
adult

success

in

predicting

abundance of

brown shrimp from densities

of post-

larvae and juveniles in estuarine nursery
areas has led us to expand our sampling
program. We are collecting postlarval shrimp
routinely
from Aransas Pass, Galveston,
Gilchrist, and Sabine Pass, Tex, Additionally,
our study of juvenile shrimp collected from
the commercial bait-shrimp fishery of Galveston Bay has been supplemented by our
investigations
of bait- shrimp fisheries
in
Aransas Bay and in lower Laguna Madre. A
study of the growth of juvenile brown and
white shrimp in Galveston Bay has also been
started to determine how year-to-year differences in shrimp growth may be associated
with changes in abundance.

are

needed,

however,

before

we can draw

definite conclusions.

Juvenile Shrimp

We

began a study

of the growth of juvenile
a shallow nursery area
adjoining the lower part of Galveston Bay,
Collections were made with a 10-ft, otter trawl
fitted with a fine-mesh cover over the cod end.
The size distributions of shrimp caught from
April 1 through June 17 are shown in figure 22.

shrimp

Postlarval Shrimp

The abundance of postlarval brown shrimp
from the entrance to Galveston
Bay during March and April 1965 was similar
to that for the corresponding period in 1964;
in collections

in

Swan Lake,

Postlarval brown shrimp were present inconsiderable numbers by April 1, but little growth
was evident before April 15. Two groups of

26

juvenile brown shrimp were present for the
following 3 wk., and then the larger group
moveci from the lake presumably to Galveston
Bay. During this period, the weekly growth
increment of each group was about 10 mm.
(3/8 in.). Juvenile white shrinnp were caught
first on June 10 and dominated catches by
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— Length-frequency

June 24.
To obtain information on species composition, we began preliminary investigations of
bait- shrimp fisheries in Aransas Bay and in
lower Laguna Madre. Samples of bait- size
shrimp are collected each week from these
areas, frozen, and forwarded to the Galveston
Laboratory. Variation in species composition
as revealed by samples from three bay systems is shown in table 8. Bait-shrimp catches
from Galveston Bay are predominately white
or brown shrimp, whereas those from Aransas
Pass and lower Laguna Madre show a high
incidence of pink shrinnp. These figures do not
necessarily reflect the relative production of
the three species of shrimp, however, since
each species spends a different proportion
of its life in estuarine waters.

curves for brown shrimp
1 through June

from Swan Lake (Galveston Bay), April
17, 1965.

Kenneth N. Baxter, Project Leader

Table 8. --Species composition (percent) of bait shrimp from the major bay systems along the

Da-^e

STUDIES OF POST LARVAL SHRIMP IN
VERMILION BAY, LA.

study indicate that the number of postlarvae
a sample is directly related to the tidal
stage (fig. 23). This knowledge makes it apparent
that future collections from this location should
be made at the same stage of the tide each week
if they are to reflect the abundance of postlarvae.
in

The University of Southwestern Louisiana
has conducted sampling to investigate fluctuations in the seasonal abundance of postlarval
shrimp in Vermilion Bay since February 1963.
Samples are collected each week with a handdrawn beam trawl that is towed over a measured distance near the shoreline. Three sampling stations are located within the bay, and
two others are near an entrance to the bay.
Results obtained thus far indicate that the
movements of postlarval brown and white
shrimp into Vermilion Bay take place at
about the same calendar time as in the Galveston Bay area. Brown shrimp postlarvae
predominate in samples taken during the early
spring, and postlarval white shrinnp are more
abundant beginning in June. The relative numbers of postlarvae vary considerably among
the five stations, and it is apparent that some
sampling locations do not provide a reliable
indication of postlarval abundance. We anticipate that a relation can be found between the
abundance of postlarvae at one or two stations
and the subsequent production of connmercial

Charles W. Caillouet,
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September 3, 1964. We obtained duplicate
samples of postlarvae at 2-hr. intervals
throughout the 4-day period. The results of this

Figure 23. --Fluctuations in the catch of postlarval shrimp
and in tide elevation near Marsh Island, La., August-

to

September 1964.

ESTUARINE
of

POSTLflftvaE

u\l

We made a special study to determine the
causes of fluctuations in the number of postlarvae caught over a short time interval near
the entrance to Vermilion Bay from August 30

The Gulf

Project Leader

University of Southwestern Louisiana
(Contract No. 14- 17-0002-100)

shrimp.

Mexico contributes almost one-

PROGRAM
relative

the total U.S. commercial fishery
production. Significantly, the bullc of this harvest is comprised of species that depend on

third

Jr.,

abundance

of

many commercially

important

species in the Galveston estuary.
Now we can also describe in considerable
detail many of this estuary's hydrographic
and hydrological characteristics. Thus, we
are assessing the type of zone most suited
for each major species (and the zone to which
each developmental stage is best adapted) and,

of

estuaries. Unfortunately, demands on Gulf
coast water resources are rapidly causing
alteration of most and destruction of many
estuaries. Our program of estuarine research
studies these valuable coastal waters so that
we may develop a better understanding of
the mutual relations of the estuary-dependent
animals and their environment. The information from this research provides the basis
to assure that coastal fishery resources receive adequate consideration in plans to develop upland water supplies and estuarine
basins.
We had previously reported that we could
describe with reasonable accuracy the seasonal
patterns of distribution, size composition, and

in turn, we hope to determine the amount of
fresh water required to maintain such zones
for the maximum benefit of estuary-dependent
fishery resources.
Even though the salinity zonation is being
studied first because of its direct and measurable relation with river discharge, we are
also, in a similar manner, assessing other
factors--such as temperature, depth, bottom

sediment types, primary productivity, pollutants, nutrient levels, and geographic location.
This phase of study

28

is

well underway.

Our work

accomnnodates at high levels many different
estuary-dependent species. Among them are

assessing water developnnent
to increase and become
more complex. The economic potential of
fishery resources developed during our preliminary evaluation of the Texas Basins Project
(U.S. Fish and Wildlife Circular No. 230) now
permits us to nnake monetary assessments of
many projects that would directly modify or
destroy an estuary. We can estimate, for
example, the average value per acre of
estuarine nursery habitat as well as the value
of a unit volume of tributary fresh water.
Knowledge of these values is a very useful
tool which has already served well in the
evaluation of several projects. Research, however, must continue to provide more knowledge
so we can improve these interim figures and
thus better defend our fishery resources during
the struggle to develop the water resources
and estuarine basins of the Gulf coast.
The Galveston estuary usually receives
sufficient fresh water to provide a wide range
of environmental conditions; consequently, it
projects

in

continues

large

numbers

significantly

to

of

the

shrimp
catch

Mexico.

Many species, including the white and brown
shrimp, travel extensively while undergoing
development in the estuary and, so, occupy
several different hydrological and hydrographic
zones over a relatively short period. Perhaps
their requirements or preferences change
from one developmental stage to the next.
For example, in the Galveston estuary during
1963 and 1964 the smaller juvenile brown
shrimp were concentrated in those parts of
the estuary where salinity was less than
10 p.p.t. As they grew, however, they occupied
zones of higher salinity. They did not use
extensively those portions of the estuary
where salinity exceeded 25 p.p.t. We developed
this
information by measuring more than
40,000 shrimp collected in 1,655 trawl samples (fig. 24).

—

Project personnel in our new laboratory facility Identifying and
measuring small shrimp collected from Galveston estuary.

Figure 24.

that contribute
the Gulf of

in

29

Generally, an estuary has a wide range of
environmental conditions, but the extent or
size of a particular zone may be a factor controlling a species' success or failure.
Most of the data collected during 1963 and
1964 have been entered on about 250,000 cards
for automatic data processing (ADP). Our
acquisition of a key punch and sorter has
speeded this work considerably {fig. 25).
During fiscal year 1965 we installed radio
equipment, which enables us to communi-

cate directly

with

our

vessels

in

We

continue to enjoy excellent cooperation
exchange of data and services with
many Federal, state, and private organizations. Most recently, we provided assistance
to the National Aeronautics and Space Administration by analyzing sediment samples from
several of their test areas.
in

the

Charles R. Chapman, Progrann Leader

-:v>-'-'^.,

—

25.
Sorting ADP Cards for computer analysis. All data collected in the estuary during
1963 and 1964 have been transcribed to more than 250,000 cards to facilitate their storage,
retrieval, tabulation, and analysis.

Figure

the field

(fig. 26).

30
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Figure 26.— Project Leader directing field work from laboratory. Radio communications between laboratory and vessels
provide for more efficient use of manpower and equipment.
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ECOLOGY OF WESTERN GULF ESTUARIES
A

wide range

of activities

was included

in

this project during this fiscalyear. Hydrologi-

cal and biological sampling continued throughout the Galveston estuary. Once a month from
July through December, we occupied 65 stations
within the bays, lagoons, and bayous and
8 stations in the bordering marshes. In January, we began sampling weekly so we could
study intensively the postlarval and juvenile
brown shrimp when they abound in the estuary.
Considerable effort has been devoted, in the
past year, to evaluating data collected on
postlarval and juvenile brown shrimp during
1963 and 1964, We have analyzed sediment
samples from the estuary and have prepared a map depicting the major sediment
types. We have also studied the possible
relation between the concentration of organic
matter in the sedinnents and the abundance
of postlarval and juvenile shrimp. A primary
productivity study spanning 1 yr. (July 1964
through June 1965), has been completed; the
resulting data are now being analyzed.

Hydrology
Following the normal seasonal pattern,
monthly mean water temperature was highest
in August 1964 and lowest in January 1965.
During 1964-65 winter, waters in the estuary
were considerably warmer than in 1962-63
and 1963-64 winters. The lowest value reported
this winter was 10.0° C. (50.0° F.) inFebruary
and March 1965 as contrasted to a low of
3.5° C. (38.3° F.) in January 1964 and 2.7° C,
(36.9° F.) in January 1963. These exceptionally

of 19.1 Ag.at./l. (microgram atoms per liter)
in the near- shore Gulf of Mexico to a high of
122.2 //g. at./ 1 , near the mouth of the San
Jacinto River in December. In July, the highest
level of total phosphate ( 1 3,36 »< g,at./l.) was
recorded near the mouth of the San Jacinto
River, and the lowest in the near-shore Gulf
of Mexico. The area near the nnouth of the
San Jacinto River receives large amounts of

industrial waste and domestic sewage. This
pollution load in the waters of the lower
estuary and the near-shore Gulf of Mexico is
diluted considerably through tidal exchange
with the open sea (fig. 27).

Primary Productivity
Although the analysis of the data is not yet
complete, preliminary findings indicate that
the greatest prinnary productivity' was consistently in the surface water. As light penetrabecause of high turbidity, diminished
tion,
rapidly with depth in the water column, productivity diminished correspondingly. Highest
seasonal levels of production in the surface
waters were in the summer and winter,
whereas the seasonal lows occurred in the
fall and spring.
Production throughout the year was highest
in the waters of upper Galveston Bay and
lowest in lower Galveston Bay. Discharge
of sewage and industrial and municipal waste
is heaviest in the upper Galveston Bay area,
and these waters
consistently carry the
greatest nutrient load; thus suggesting that
nutrients supplied from these sources (pollutants) account in part for the high productivity.

warm

conditions were apparently responsible
in the estuary
than have been observed in previous years.
From Novennber 1964 to the end of this
fiscal year, salinity has been somewhat lower
in the Galveston estuary than during the same
period in 1962-63 and 1963-64, and since
April, the waters of upper Trinity Bay have
been essentially fresh. Biological data from
these waters should give us a good picture
for

more animals overwintering

of how extremely low salinities affect the
density and abundance of the animal popula-

tions.

Throughout the bay system, the annual
seasonal highs for dissolved oxygen were observed during winter and the lows during
sunnmer. Monthly mean dissolved oxygen at
the bottom (daytime) varied between 16.7 p. p.m.
(parts per million) near the mouth of the
San Jacinto River in October 1964 during a
plankton bloom and 4,9 p,p,m, in the Gulf
during July 1964.
During the year, total nitrogen and phosphate
levels were consistently highest in the upper
estuary and declined Gulfward. Total nitrogen
varied from a monthly mean low in July 1964

!S^

We
of

aged more than 22.0 p.p.t. Each of the subbays of the estuary is influenced differently
by tributary fresh water (fig. 28).
Seasonal differences in salinity are also
evident. River flow is usually highest during
winter and spring. River water moving through
the estuary toward the Gulf in winter is aided
by the prevailing northerly winds and seasonally
low tides. Under these conditions, fresh waters
from the Trinity River can pass through the
estuary in less than 1 mo. During the summer
and fall, when river discharge is usually
lowest, dispersion of fresh water is usually
hindered by prevailing southerly winds and
higher tides. Thus, 1-1/2 to 2 mo. may
elapse before fresh water from Trinity River
is completely dispersed throughout the estuary.

do not know at what level the concentration
these wastes becomes detrimental to the

primary producers.

Fresh-Water Discharge and

Salinity

Such natural factors as wind, rainfall, evaporation, tidal intrusion, fresh-water discharge,
and basin size and configuration influence the
salinity regimen of an estuarine system. Of
these factors, fresh-water discharge is perhaps the most significant because it measurably dilutes the salt waters of the sea to
form the estuarine "buffer zone" or ecotone
and transports large amounts of nutrients
derived from land drainage to the estuary.
The Galveston estuary possesses a typical
salinity gradient; salinity is lowest in the

A much more

sophisticated analysis of these
to develop suitable
mathematical models that will enable us to
predict how specific volumes of tributary
fresh water will affect the gradient and zonation of salinity in the estuary.
data

upper bays and increases Gulfward. Because
Texas is characterized by periods of drought
and excessive rainfall, tributary discharge
this estuary is frequently erratic. This
variability is reflected in the salinity gradient
and hydr ological zonation of the estuary. During
periods of high river flow, salinities over
much of the estuary are depressed, whereas
during drought, salinity becomes high.

into

will

be

required

TRINITY RIVER DISCHARGE
(CUBIC FEET PER SECOND )

Ul

o

Many estuary-dependent species require
or prefer different hydrological conditions.
Fortunately, even during wet and dry cycles,
the salinity gradient in Galveston estuary is
characterized by a broad range of conditions
accommodates many species. During
that
drought, however, the high salinity zones may
enlarge, so that species that prefer high
salinity may occupy more of the estuary.
The reverse is also true. Tributary discharge controls, to a large extent, the amount
of area comprising a particular salinity zone.
Thus, it becomes imperative to describe the
type of gradient zonation most suited to the
complex of estuarine organisms and to determine the amount of fresh water required to
perpetuate the zonation. We must also determine how departure from optimum conditions
will affect these resources.
For the Galveston estuary, we based our
first efforts to relate river discharge and
salinity on records from October 1960 through
December 1964 of discharge from the Trinity
River, the major source of fresh water.
Seasonal and annual variations in river discharge were considerable. Generally, 1961 and
1962 were years of high tributary discharge,
whereas river flow was considerably reduced
in 1963 and 1964. During the wet year of 1961,
salinity for the entire estuary averaged about
6.5 p.p.t., whereas during the dryer year of
1963 it averaged 18.5 p.p.t. During the 4-yr,
period the average salinity of Trinity Bay,
which receives directly the Trinity River
discharge, was about 10.0 p.p.t. Salinity of
lower Galveston Bay during this period aver-
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River discharge and salinity
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average
in the

annual Trinity

subbays of Galveston

The first juveniles were caught in 1963 during
semimonthly trawl sampling in early April in
East Bay and Trinity Bay near extensive
marshes where postlarvae were concentrated.

Distribution and Density of Juvenile

Brown Shrimp
Because

the

brown

shrimp

is

the

most

valuable species harvested commercially from
Texas coastal waters, we are devoting considerable effort toward study of its inshore
life history. Partial evaluation of data collected during 1963 and 1964 permits us to
describe this shrimp's distribution and relative abundance within the Galveston estuary.
We are still processing data collected since
January 1965.
The behavior exhibited by brown shrimp in
the estuary was similar in 1963 and 1964. Postlarval brown shrimp, after entering the estuary
from the Gulf, nnigrated toward the upper
bays, predominately through the Houston Ship
Channel, Intracoastal Waterway, and deeper
waters of the open bays. Within 2 wk. they
were dispersed throughout the estuary and
were concentrating in their primary nursery
areas--the peripheral marshes, bayous, and
smaller bays (fig. 29). They remained in these
protected waters fronn 2 to 4 wk., growing
rapidly, until they developed into juveniles.
Thereafter, they began to disperse throughout
the estuary before returning to the Gulf. Differences between temperature cycles in 1963
and 1964 during the time of postlarval influx
and initial growth suggest that the duration
of this phase of the shrimp's life history is
regulated in large part by the water temperature.
The dispersion of juveniles throughout the
estuary followed a rather distinct pattern.

Within 2 wk. they had dispersed practically
throughout the estuary and by late May had
begun to return to the Gulf. The same general
behavior was evident in 1964 even though
trawl sampling was conducted only once each
month. During May, when juveniles were
most abundant and dispersed throughout the
estuary, they were concentrated once again
in the shore zones near the nnarshes. Much
of the detail of their dispersion, however,
was not obtained by the limited monthly
sampling. By July of 1963 and 1964, most
of the
brown shrimp had returned to the
Gulf.
Striking differences in the relative abundance
of brown shrimp in the Galveston estuary were
evident between 1963 and 1964 (fig. 30). Considerably fewer shrimp were caught in 1964,
and the subsequent offshore catch was also

proportionately lower. This correlation suggests the possibility of estimating future production in the Gulf by determining the density
(relative abundance) of the juvenile population
harbored in the estuary. Our studies indicate
that this method of projection has merit and
should be tested over a longer period. Rather
intensive sampling would be required in the
estuary's shore zones adjacent to thennarshes
during April, May, and June.
The relation between the density of juvenile
brown shrimp and salinity during 1963 and
1964 was distinct. Generally, the smaller

^5^,

8l^«^^^''^>^
Figure 29.

— Sampling

project personnel.
fish and shrimp.
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estuary's peripheral marshes with device developed by
provide critical primary nursery areas for small
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Figure 32.--Occurrence of Rangia cuneata

I

I

in the

having considerable variation in percentage
composition of the sand, silt, and clay. Rangia
was not abundant, however, if the sand, silt,
and clay constituents exceeded 80, 30, and 65
percent, respectively, or if sand and clay
comprised less than 12 and 14 percent, respectively, of the bottom sediment (fig, 33).
Reliable quantitative data are difficult to
obtain with the dredge we used; a much improved collecting device is needed if we are
to describe accurately the population density
of the many species of botton^ dwelling organisms. One such device (fig. 34), an underwater "vacuunn cleaner" that removes intact
all of the animals and sedinnents from a known
area or volunne of bottonn, is being tested.

Jack C, Parker, Acting Project Leader
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Figure 33. Distribution of Rangia cuneata in Galveston
estuary during 1964 in relation to bottom types.

EFFECTS OF ENGINEERING PROJECTS

o,B

The importance of estuaries as breeding,
feeding, and nursery grounds for many commercially important species of fishes, crustaceans, and mollusks is well known to the
fisherman and to the professional biologist.
About 98 percent of Texas commercial landings are of species in some way dependent
on estuaries.
The estuary represents a habitat type known
as an ecotone--a "buffer zone" or zone of
transition--between the fresh water of the
river system and the salt water of the sea.
The characteristics of such a habitat are
readily susceptible to change through natural
or artificial alteration. Among the latter are

many and varied forms of water development
projects, such as impoundments on rivers and
streams, dredging and channel construction,
and real estate land fills in the estuaries. The
cumulative effects of these projects upon the
estuaries and associated fish production are
likely to be extensive.
Though our present knowledge about the
effects of such projects upon fishery resources
somewhat meager, it is important that we
review project plans and advise the appropriate agencies what they might expect. In
Texas, our personnel are working directly
is

representatives of the Bureau of Sport
Fisheries and Wildlife, the Texas Parks and
Wildlife Department, and other Federal and
state agencies. Under this system of coordinaduring fiscal year 1965 we reviewed
tion,
plans and proposals for 326 construction
projects in estuarine waters, 40 of which were
adjudged to have potentially serious detrimental effects upon estuarine fishery resources. Drafts of 40 Bureau of Sport Fisheries
and Wildlife reports evaluating the effects of
construction projects on fish and wildlife resources also were reviewed.
Most engineering projects that we reviewed
for their possible effect upon fishery resources in Texas are located near large population centers. About one-third of the projects
are planned for construction either in the
Galveston estuary (fig. 35) or on rivers and
streams that supply fresh water and nutrients
to the estuaries. After discounting those involving mineral development, almost half of all
bulkheading-fill and dredging- channelization
projects were slated for this estuary. As the
human population of the Gulf coast increases,
more engineering projects can be expected in
other areas as well. More than 90 percent of all
projects reviewed were privately sponsored.
Project personnel spent considerable time
during the year on nnajor projects in Texas
(table 9) as well as other areas along the
Gulf coast that required special study. We
with

Figure 35,--Location in the Galveston estuary of privately
sponsored projects reviewed during fiscal year 1965.
Does not Include locations of seismographlc operations.

helped the Louisiana Wild Life and Fisheries
Commission and the Division of River Basin
Studies, U.S. Bureau of Sport Fisheries and
Wildlife, review the results of the Mississippi
River-Gulf Outlet Project so that the size
of project-caused changes onadjacent estuaries
and marshlands could be determined. Much
effort also was spent revising and completing
the estuarine fisheries section of the Fish and
Wildlife report on the Bureau of Reclamation's
Texas Basins Project.
Many projects that involve diversion of
fresh waters of rivers for municipal, industrial, and agricultural purposes are detrimental to the estuaries. The Corps of Engineers
Lower Colorado River Project, however, may
divert surplus fresh water from the Colorado
River into eastern Matagorda Bay. This body
of water used to receive the discharge of
the Colorado River, but the river delta has
formed across the estuary so water is now
discharged directly into the Gulf of Mexico.
The major supply of fresh water is now received by Lavaca Bay, a part of the Matagorda
estuary.
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Tatle 9, --Number, type, and loiation of engineering projects reviewed in fiscal year 1965,
exclusive of seismographic and Gulf cf Mexico operations

and now occur in Lavaca Bay, The discharge
from the Colorado River will become ex-

Plans "B," "F," "G," and "I" would isolate
vast expanses of the estuary so that they could
no longer be used as nursery areas by estuarydependent species. The proposed shunting of
fresh water into eastern Matagorda Bay through
adoption of Plans "A" and "E" would simulate
the desirable conditions that previously existed

tremely important for maintaining high-quality
estuarine habitat because of plans to divert
fresh water from Lavaca Bay.
Richard A. Diener, Project Leader

EXPERIMENTAL BIOLOGY
This

program continues

This year saw the successful conclusion of
growth and long-term survival studies on young
white and brown shrimp. Results of these
studies have indicated that there are relatively
broad zones of temperature and salinity tolerance (in terms of survival) for young brown
and white shrimp. Growth data demonstrate
that temperature has a far more important
effect than salinity on the growth of either
species during their postlarval and early

the investigation of

environmental influences on shrimp. Factors
include
temperature, light,
studied
being
salinity, parasites, and food.
Continued research on shrimp parasites
revealed that tapeworms common m shrinnp
of the Galveston estuary (1) are probably
not significant sources of shrimp mortality,
(2) will live at least 5 wk. in shrimp, and (3)
seem to be much more common in shrinnp
from some bays than from others. These
findings favor the possible use of parasites
as biological shrimp "tags," which may permit
the

tracing

of

juvenile stages.

Experimental comparisons of white shrimp
with brown shrimp taken in spring and summer have provided strong evidence for difbetween species in temperature
ferences
tolerance. This additional knowledge of the
environmental requirements of both shrimp
species will permit a better understanding
of seasonal distribution of shrimp in estuaries.

shrimp stocks from specific

bays to offshore fishing areas and spawning
grounds. Such a tool would be of considerable
value in determining the contribution of specific
bays to the offshore fishery.
Studies of shrimp behavior provided new

The field use of automated temperaturerecording equipment has permitted the most
complete tennperature characterization to date
of two types of estuarine situations available
to postlarval and juvenile shrimp.

insight into the swinnming-speed capabilities
of postlarvae of brown shrimp and the re-

sponses of white shrimp to low tennperatur e.
The results will be useful in interpreting the
movennents of these animals in nature.
Experiments on laboratory growth and survival were of several types. The influence of
light on growth of postlarval brown shrimp
was found to be negligible. This conclusion
strengthens confidence in our previous shrimp
growth data obtained from experiments requiring the use of light. Another study dealt
with possible effects of laboratory handling
on growth and survival of shrimp. Results
indicated no effect, again confirming the reliability of the methods we use in survival
and growth studies.
Measurements of the efficiency with which
individual brown shrimp convert food into
growth suggest variation between animals of

David V. Aldrich, Program Leader

BEHAVTOR AND ECOLOGICAL
PARASITOLOGY
Previous field phases of this project indicated that tapeworms are frequent parasites
of brown and white shrimp in the Galveston
area, and that the infection is acquired during
the estuarine portion of the shrimp's life
cycle. Continued research has provided information necessary for the evaluation of
tapeworms as potential biological "tags" for
shrimp. A 5-wk. study of a captive brown
shrimp population showed no significant difference between the population's initial incidence of tapeworm infection and that of either
short- or long-term survivors. The initial
incidence of parasites was 83 percent; that
of shrimp dying within the first day of captivity
was 78 percent. Seventy-five percent of the
5-wk, survivors were infected. There were no
statistically significant differences between
any two of these values. The results suggest
that the worms do not contribute either to
very short-term or 5-wk, mortality and that
the life expectancy of the tapeworm in shrimp

size. This type of variation may
significant differences between individual growth rates of shrimp.
Our research into effects of environmental
factors on shrimp growth has thus far been
restricted to postlarval and early juvenile
stages (up to about 2 in, long). Under laboratory conditions, growth of shrimp above this
size has generally been negligible. Recent
studies have been directed toward improving
this later growth so that it may be used to
measure the suitability of controlled environmental conditions for larger shrimp.

the

PROGRAM

same

cause
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exceeds 5 wk. These findings tend to favor
the possible use of a parasite as a biological
shrimp "tag."
It

remained, however,

to

determine whether

significant differences existed between infection rates of shrimp fronn different bays. As
a result we have made a few comparisons
of rates of worm incidence in shrimp collected
fronn various bays. We have sampled shrimp
from four Texas bays- -Sabine Lake (estuary
of the Sabine River), the Galveston Bay system, the Matagorda Bay systenn, and Corpus

Christi Bay. Groups of shrimp compared in
study were collected on the same day and
were of the same specias and size. The May
and June samples probably represent the bulk
of the brown shrimp populations of these bays
for this year. Sabine Lake shrimp were less
frequently infected with tapeworms than shrimp
from the three bay systems to the southwest
this

(fig. 37).

The nnovement of postlarval shrimp into
bays from offshore spawning areas is an accepted feature of the Penaeus life cycle. The
relatively large distances involved and the
relatively small size of the postlarvae have
caused speculation as to whether these animals
move actively or passively. Interest in this
problenn has led to laboratory measurements
of postlarval swimming speed. The time required for individual postlarvae of brown
shrimp to swim a known distance was used to
estimate speed. The mean value of 40 determinations (made at 23° C. (73° F.) and 24 p.p.t.
salinity) was 4.7 cm./sec. (about 1-7/8 in./
sec). Assuming uninterrupted movement at
this rate and ignoring effects of water movement, we can extrapolate this value to 2.6
miles per day. Further study will be required
to determine whether or not postlarvae can
sustain these rates and to test for the possible
influence of environmental factors on postlarval movements. From field observations
of R. D. Ringo (Estuarine Program), we do
know, however, that brown shrimp postlarvae
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These measurements are providing field information for the design of laboratory experiments
to determine whether temperature differentials
between water and substrate induce burrowing
in shrimp.
In February, two additional thermistors were
installed to compare the temperature regime
of a very shallow peripheral inlet with that
of the lagoon proper. As anticipated, the
temperature fluctuations were considerably
wider in the peripheral water and substrate
than in the 6-ft.-deep water and its substrate (fig. 38). Furthermore, temperature
differences between the shallow water and its
substrate

were much greater than those

in

the deeper location.

These temperature data have also indicated

marsh during early spring
warmer than the 6-ft-deep
environment. Analysis of results for March

that the peripheral
is

consistently

and the first half of April indicates that 91
percent of the observed temperatures (bottom
water and substrate) in the lagoon proper
were lower than or equal to those at the
shallow inlet. Weekly means for the two
locations differed by 2° to 5° C. (3.6° to
9.0° F.). Differences were frequently marked,
reaching 14° C. (13° vs. 27° C.) on one occasion. (These tennperatures correspond to 2 5.2°,
55.4°, and 80.6° F., respectively.)
These temperature characteristics further
support our consideration of the shallow
peripheral area as a discrete ecological zone
to be distinguished from the main body of the
estuary. In view of the marked influence of
temperature on the growth of young shrimp
(as well as other organisms), it is possible
that the temperature characteristics of the
bay's very shallow peripheral zone, which
the young shrimp first inhabit, may have an
important bearing on estuarine productivity
in the spring. The major annual influx of
brown shrimp postlarv"ae reached Galveston

Table 10.

Percentage survival of sucmer postlarvae of brown and white shrimp exposed to various
combinations of salinity and temperature

Figure 40. --Examining a chromatogram of extracts from the
various shrimp species.

hope that

a

chemical method

muscle

of

larvae supplied as food (fig. 41). Growth for
both white and brown shrimp was good, about
0.7 mm, (.03 m.) per day for each species
at the various conditions. No significant difference was seen between the three experimental groups. Thus light, as used in past
experiments, has no effect on growth of
postlarval brown and white shrimp.
Data, from past experiments reveal that
after a period of growth in the laboratory
the range of sizes is frequently wide within
a
group of test animals. We do not know
whether this difference in size is related

of identification

may

be developed. Such a method would be
useful in identifying species of postlarvae
during stages when there are few anatomical
differences. The technique of paper chromatography (fig. 40) is being used now. Preliminary
results suggest that only quantitative differ-

ences may exist between the amino-acid
positions of the two species.

tail

com-

Zoula P. Zein-Eldin, Project Leader

GROWTH AND SURVIVAL OF SHRIMP

to food consumption of the individual shrimp
or to some other factor.
In an attempt to determine the cause of this
disparity in growth, we made one experiment
to confirm or eliminate food consumption as
the controlling factor. In this experiment, four

Experiments during the past year were designed to determine the influence of various
factors on growth of white and brown shrimp.
Since most of our previous laboratorycontrolled growth experiments were illuminated, we thought it necessary to determine
what effect, if any, various light regimes
have on the growth of postlarval shrimp. We

shrimp were isolated in
containers, one per container.
We kept individual records of daily growth
and food consumption. Sampling just prior
to and after feeding every 24 hr, gave an
estimate of the number of brine shrimp consumed daily (fig, 42), During the time the
postlarval
1-1.

tested three conditions--constant illumination,
constant darkness, and intermittent light and
dark (12 hr. light and 12 hr. dark). Animals
were kept at 25° C. (77° F.) and brine shrimp

43

(0,9

brown

qt.)

Figure 41,

— Feeding brown

shrimp during illumination experiment.

animals grew from 18 to 38 mm. (0.71-1.50
food consumption of the four shrimp,
A, B, C, and D, respective'.y, was 5,400, 5,700,
6,400, and 6,100 brine shrimp per day; rate
of growth was .04, .04, .04, and .05 in. per
day; and feeding efficiency was 43, 43, 34,
and 45 percent. This variability in efficiency
may contribute to the wide variation in growth
of our experimental animals. More work of
this type is in progress.
Attempts in the laboratory to induce growth
in shrimp 2 in. or more in length have generally been unsuccessful. Brine shrimp larvae
are excellent food for postlarval shrimp, but

which seemed less in the larger tanks. Growth
in the group fed liver and the group fed clam
was actually negative in some animals; weight
decreased as much as 0.5 g. (.018 oz.) in 28
days. Very slight weight increases, averaging
about 0.6 g. (.021 oz.) in 28 days, occurred
in shrimp fed frozen brine shrimp. We are

impractical for larger shrimp
because of the extremely large number of
larvae required to feed each animal. In view
of this problem, a study was made to find a
diet that would support growth in juvenile
and subadult shrimp under laboratory conditions. In an experiment, individual subadult
white shrimp were isolated in 1- and 15-gal.
aquaria. Three diets were tested--canned
liver (commercial cat food); canned, minced
clams; and frozen, mature brine shrimp.
Mortality in the small aquaria was high (77
percent) probably because of bacterial fouling

isolated in compartmented containers and
held at test conditions for 24 hr. At the end
of this period, we noted the survival. At the
midrange of both temperature (25° C. or 77°
F.) and salinity (25 p.p.t.) survival was good.
Poor survival was evident below 12.5'-' C. (55°
F.) and 13 p.p.t. and also above 320C. (88° F.)
and below 10 p.p.t. salinity. At high salinity
(40 p.p.t.) survival was varied (0-100 percent)
at both 25° C. (77° F.) and 35° C, (95° F.),
indicating that these are marginal conditions
(fig. 43). We plan further tests to obtain information at various levels of temperature and

in.),

this

diet

continuing this study and are evaluating other
diets.

with
short-term
experiments
Several
juvenile and subadult white shrimp (62-132 mm.
or 2.4-5.2 in.) were carried out to test survival under various combinations of tem-

perature

is
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and

salinity.

Test

animals

were

Figure 42.

— Sampling from experimental shrimp containers
food consumption.

t

^/0^^<^,

for quantitative

measurement of

Experiments

to determine mortality caused
stimulation were inconclusive because of
difficulty in maintaining wornns in the laboratory. The five species tested withstood up
to 10 pulses per second of 250-/isec. length
and 35-v. field strength for as long as 1 hr,
with no mortality. The most sensitive species
of polychaete studied here died within 2 to 4
min. at the above rate and pulse length with
a field strength of 5 to 10 v.
We have found that continued test stimulation
of annelids at 200-//sec., 3 pulses per second,
0.6 to 6.0 V. leads to lessened response and
finally no response. Different species lost
their response at different times, ranging from

30 sec. to 7 min. The stronger pulses, which
stronger contractions, increase the
rate of fatigue.
We are making similar studies on species

produce

by

taken from an inshore shrimphabitat. Presence
or absence of response is being noted to permit
comparisons between typical species from
this area and those from the beach zone.
R. W. Menzel, Project Leader

Florida State University
(Contract No. 14-17-0002111)

CHEMISTRY AND SEA-WATER LABORATORIES

ESTUARINE WATER ANALYSIS

small plug of glass wool in a funnel, the
copper content is reduced to 0.7 //g.at./l. or
by a factor of about 6. The absorption effect
of the wool seems to be inversely proportional
to the salinity of the sample. Thus, salt water
(S = 27 p.p.t.) with an initial copper content
of 3.3 //g.at. of copper per liter when sinnilarly
filtered has a content of 2.7. Filter paper has
a connparable effect.
We are now investigating the results of
filtration on all of our analyses.
a

The chemical analyses of estuarine water
samples give evidence of irregularity that we
think is caused by a lack of representative
samples. This shortcoming could be caused
by particulate matter, which makes these
waters difficult to identify chemically. Data
on total nitrogen and total phosphorus are
particularly affected. We have begun an investigation of sampling and analytical procedures
to determine whether we can do anything to
increase the reliability of estuarine cheinical
data.

RED-TIDE TOXICANTS

We completed

TOTAL NITROGEN ANALYSIS

the experimental evaluation

of six toxicants that have been shown in previous
reports to be sufficiently pronnising under
laboratory conditions to be considered for
control. Final tests consisted of reestimating
minimum toxic levels for each of the six
materials in a culture of Gymnodinium breve

The maximum number of total nitrogen
analyses per day has been more than doubled
by eliminating the need to digest the samples
in a fume hood. We learned that by plugging
the Kjeldahl digestion flasks with glass wool,
sulfuric-acid fumes are effectively contained
within the flask during digestion. Thus, the
operation can be carried on in the laboratory
proper without fear of contaminating the air
with noxious fumes. The use of glass wool
has increased our maximum daily production
from about 20 to over 50 analyses.

made from

samples taken from a recent
red-tide outbreak (spring of 1963). Previous
work had been based on G. breve that had
been maintained in the laboratory since 1952.
In artificial medium, the newer culture of
G. breve seems to be less vulnerable to the
toxicants than the older one. In Florida-water
medium, however, its reaction toward the
toxicants is about the sanne.

SAMPLE FILTRATION
SEA-WATER LABORATORIES

not always advisable to use a filtering
medium to remove particulate matter from
a water sample before chemical analysis. The
filter material can alter the composition of
a sample not only by removing particulate
matter but also by adsorbing ions from solution. We learned, for example, that if 180 ml.
of a particulate-free, fresh-water
sample
containing 4.5 ug.at./ (nriicrogram atoms) of
It

is

The facilities of the sea-water laboratories
have been used not only by our personnel but
also by other research organizations. University of Texas Medical School personnel continue to use the sea-water laboratories for
work on the molecular basis of brain function
in fish (described in our annual report for
fiscal year 1964). University of Georgia personnel used our lagoon laboratory to study the

I

dissolved copper per liter

is

passed through
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3

During the year, 338,000 gal.

effects of various wavelengths of light on the
retinal pigment migrations in brown and white

of salt

water

were added to the recirculating system. The
monthly rate of these additions is shown in

shrimp. A Texas A&M University researcher
used the same facilities to study the effects of
certain mollusk predators and salinity ranges
on the brackish-water clam, Rangia cuneata.
About half of the recirculating laboratory
facility has been taken over for research on
shrimp spawning and larval culture. For

figure 44.

The chemistry

more

or

of the recirculating water is
typical of that of waters of

less

such an enclosed system. The decomposition
products, ammonia and particularly phosphate
and nitrate, are very high. Fronn December 27
to March 15, only 4,000 gal. of water were
added to the system. The decline of salinity
during this period resulted from fresh-water
contamination, which was finally traced to a
leaking tapwater line. Beginning April 1, all
water in the system was replaced with "new"
water, and continued replacement has kept
levels of nitrate and phosphate relatively low.

these studies, we installed a 1 50,000-B.t.u,
(British thermal unit), salt-water heater and
various smaller temperature-regulating and
nutrient-flow control devices.
Mechanically, we had a good year. One
forced shutdown of the recirculating system
was caused by city power failure, and two at
the lagoon laboratory by extremely low tides.
The intake end of one of the main pumps
at the lagoon laboratory has been extended
several feet to prevent future difficulty.

Kenneth T. Marvin, Supervisory Chemist
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SPECIAL REPORT

OYSTER GROWTH EXPERIMENT
EAST LAGOON

and laboratory oysters were 5.1 g. (0.179 oz.)
and 3.5 g. (0,123 oz.), respectively.
At the end of the experiment, the remaining
oysters were examined for Dermocystidium.
Among the four remaining laboratory oysters,
infection ranged from light to heavy. Two of
the lagoon oysters were uninfected, and infection levels in the other seven ranged from
light to heavy.
Growth declined earlier among the laboratory oysters than among those in the lagoon.
In their natural environment, small oysters
are known to have a relatively high growth
rate, which decreases as their size increases.
We found that small oysters placed in the
lagoon had a period of relatively rapid growth
which began to taper off when they attained
an underwater weight of about 70 g. (2.5 oz.).
The growth rate of the laboratory oysters,
however, decreased when they had reached
about 29 g. (1 oz.). As a result, the laboratory
oysters rennained smaller than those in the

IN

An

investigation was initiated in June 1963 to
if the environment within our lagoon
laboratory and the lagoon itself was suitable
for oyster culture. For 21 nno., we checked
the growth (based on weight increases) and
mortality of young oysters placed in the lagoon
and also in the circulating water of the
laboratory.
The procedures and results of the first
year of the experiment were described in last
fiscal year's report. -^^ We mentioned that the
initial nnortality (August 1963) shown in figure
45 was probably caused by Gonyaulax monilata,
and that exannination of the dead oysters showed
no evidence of the common oyster disease,
Dermocystidium marinum. Mortality was nil
during the subsequent 6 nno., but one lagoon
oyster was lost. Then in March 1964, a lagoon
oyster died. Two more died in May and two in
June. All of these oysters were infected with
D. marinum . No laboratory oysters died during
this period. We hypothesized that the infection
was picked up during the period of heavy feeding and rapid growth (Septennber through
Novennber 1963). The laboratory oysters did
not have a period of heavy feeding and rapid
growth and, therefore, probably picked up less

determine

lagoon.

Oysters that were uninfected with D, marinum
becanne infected after being put into lagoon
water, thereby showing that the disease existed
in the lagoon. Mortality caused by D. m arinum
followed previously established patterns that
show that oysters usually become infected
during periods of heavy feeding and rapid
growth in warm weather. If they are able to
survive until the arrival of cooler weather,
they will continue to survive at a reduced
growth rate throughout the winter, then begin
to die as warm weather approaches. Since
the lagoon oysters took in more food, they also
probably took in more D, marinum than those
in the
laboratory. This greater exposure
apparently caused mortality to begin about
4 mo. earlier annong lagoon oysters.
Oyster mortality in the lagoon is also
caused by regularly occurring blooms of
We suspected that deaths in
G. m onilata
August and September 1963 were caused by
this
organism. Its toxicity to oysters has
since been demonstrated by another investigator. Undoubtedly, it contributes to the
low population of naturally occurring oysters
in the lagoon and would, therefore, make
these waters unfit for long-term experiments.
We thought that within the laboratory, the
effects of G, monilata could be circunnvented
by placing experimental oysters in the laboratory's recirculating water tanks. This action,
however, was not successful during the August
1963 bloom, possibly because the G. monilata
were not detected in time. (See last year's

infection.

Laboratory oysters began dying fronn Dernnocystidium infection in late sumnner of 1964.
Three died in August, four in September,
three in October, and one in December. The
lagoon oysters continued to die throughout the
summer of 1964: two died in July, two in
August, three inSeptember, and one in October,
All

were infected with Dermocystidium

.

Fronn July 1, 1964, to the end of the experiment on February 15, 1965, the lagoon and
laboratory oysters grew at about the same
rate. Growth was slow through the summer
when the laboratory oysters gained about 0.3 g.
(0.010 oz.) and those in the lagoon about
0.2 g. (0.007 oz.) per week. The growth of
both groups increased as the hot weather
ended. Through October, November, and December, the laboratory oysters gained 1.2 g.
(0.042 oz.) per week connpared to 1.1 g,
(0.039 oz.) for those in the lagoon. Both
groups had an average weight gain of 0.7 g,
(0.025 oz.) per week from January 1, 1965,
until the end of the experiment. On the basis
of those living at the end of the experinnent,
the average nnonthly weight increases of lagoon
^° Circular No. 230, page 88,

paragraph

1,

.

report.)

line 3,

This experinnent has indicated that three
factors affect the suitability of the lagoon
water and the water within our laboratory
for oyster experimentation. We have shown

gaining 8.3 g. (.291 oz.) in September
should read: ".
and 12.7 g. (0.445 oz.) in (October.," and lines 6 and 7
should read: "Four oysters of this group died in May and
.

.

June 1964."
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MUSEUM
In August 1964, Building 305 was set aside
as a scientific museunn to maintain the valuable
collections of biological specimens and statis-

series of the southern quahog, scallop, and
dosinia.
In the fish reference collection, 47 families
comprising several specimens of 142 different
species are arranged in phylogenetic order.
All have been cataloged, showing the number
of specimens in each jar, the cruise data,
and time and place of capture.
About 7,000 plankton samples are stored in
chronological order, and are in the process
of being cataloged.
About 3,000 slides containing ovarian sections of penaeid shrimp have been stored and
are also being cataloged.
About 2,500 shrimp and 5,000 estuarine
specimens are stored in the museum.
The shell collection consists of moUusks
from the Gulf of Mexico area, principally
from the vicinity of Galveston. Forty- seven
families are represented, comprising several
specimens of 83 different species. These
specimens are in phylogenetic order by
families and are cataloged. Each specimen
is labeled with scientific name, common name,
range, date, and location; collector, catalog

tical material in systematic order and to
provide educational displays for the numerous
school children, students, and teachers who
visit the Laboratory each year. Laboratory

furniture, including sink, was installed in
the preparation room of the museum. Sea

water, distilled water, and compressed air
were piped in. Shelves were built in one of the
wings for fish, plankton, microslide, shrimp,
and estuarine collections. Another wing has
about 300 cu. ft. of IBM cards, containing
shrimp-landing statistics, that will be transferred eventually to magnetic tape to make
room for storage.
Six display cases (each with six adjustable
shelves) were received in April 1965. In this
display section, 84 species of fish are now
on exhibit; each case shows the types of fish
caught at different depths.
The estuarine section displays specimens
(crustaceans,
fish,
nnoUusks, and coastal
plants) from the bays and estuaries and growth

Figure 46.

— Shell display section
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museum.

number, and number of specinnens are recorded for individual collections.
The herbarium collection consists of mountings and preserved specimens of coastal and
marine plants in phylogenetic order by

Experiments on the retention of color in
animals and plants have been made in the
nnuseum. Fish have kept their yellow, red,
and black pigments. The saltwort has retained
its green color even upon transfer from color
retentive to 2 percent formaldehyde. Sea
lavendar has kept its red and green colors.
Work is being done in an effort to retain
other colors for other fauna and flora.
A register has been provided for signatures
of students, scientists, and others viewing

families. Sixteen families and 33 different
species are represented. Each specimen is
cataloged and identified like those in the shell
collection.

Live marine animals of the Gulf of Mexico
are displayed in one section. Wood isopods,
sea horses, pipefish, lined sole, flounder,
crabs,
sea anennones, rock shell snails,
bryozoa, and several types of algae are now
being shown.

the exhibits.

Laura M. Hernnann, Museum Technician
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Created In 1849, the Department of the Interlor—a departof conservation
Is concerned with the management,
conservation, and development of the Nation's water, fish,
wildlife, mineral, forest, and park and recreational resources. It also has major responsibilities for Indian and

—

ment

Territorial affairs.
As the Nation's principal conservation agency, the

De-

partment works to assure that nonrenewable resources are
developed and used wisely, that park and recreational resources are conserved for the future, and that renewable
resources make their full contribution to the progress, prosperity, and security of the United States— now and in the
future.
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