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Gulf Research Reports, Vol, 5, No. 2, 1-10

VEGETATIVE MORPHOLOGY AND ANATOMY OF THE
SALT MARSH RUSH, JUNCUS ROEMERIANUS

LIONEL N. ELEUTERIUS
Gulf Coast Research Laboratory

,
Ocean Springs, Mississippi 39564

ABSTRACT The extensive rhizome development found in Juncus roemerianus makes this species unique among rushes

and is a biological feature responsible, in part, for its domination oflarge tracts of salt marsh. Branching in certain mature

plants is distinctly sympodial, while in most it is obscured by precocious development of the continuation bud and appears

to be monopodial. Each vegetative unit is composed of a scaly rhizome which grows to varying lengths and then abruptly

turns up at the end to become an erect shoot. A continuation rhizorne consistently arises from an axillary bud in a ventral

scale leaf. Transitional leaves (large scale leaves) accompany development of the erect shoot. Rhizome scales, transitional

and foliage leaves are distichously arranged and in the same vertical plane. The culm forms through an elongation of an

internode of an erect shoot. Other rhizomes may also arise from buds in the axils of the transitional and foliage leaves.

From one to seven terete leaves with a bifacial sheath are produced from the apical meristem of the erect stem. Fibrous

roots occur laterally on erect shoots. Non-fibrous roots occur on the ventral surface to the rhizomes. The internal rhizome

and root anatomy resembles that reported for most other species of Juncus while the leaf anatomy is very similar to that

of Juncus maritimus and Juncus acutus.

INTRODUCTION

Juncus roemerianus Scheele is a rush dominating major

tracts of salt marsh on the Atlantic and Gulf coasts of the

United States (Eleuterius, manuscript in preparation). The
most successful herbaceous plants occurring in these mari-

time marshes are those which are perennial and reproduce

vegetatively by vigorous rhizome growth, thus leading to the

formation of dense stands. Once established, these species

do not generally rely on the sexual cycle for maintenance

of the closed stand. The importance of understanding the

structure of herbaceous species has become apparent in the

study of crop plants where solution of practical problems

arises (Hayward 1938; Bonnett 1935, 1 940)- Only through

fundamental knowledge of the pattern of growth, entailing

basic morphology and anatomy, can proper analysis of

variation in species be attained. Structural studies of salt

marsh species have similar importance since successful man-

agement of estuaries will ultimately require familiarity with

each wild species to the same extent and detail now available

for cultivated crop plants.

Although there are several reports (Adamson 1925; Cutler

1969;Stace 1970) on the internal anatomy of various Juncus

species, comparable studies on the vegetative morphology
are lacking. Some general morphological aspects of certain

rushes are described by Buchenau (1906) and Richards and

Clapham (1941). Anderson (1974) in a general anatomical

survey of seven salt marsh plants in North Carolina also

included descriplions of some anatomical features of /.

roemerianus. The present study describes in detail the vegeta-

tive morphology, pattern of growth, and anatomy of mature

plants of J. roemerianus as found in Mississippi.

METHODS AND MATERIALS

Plant portions consisting of rhizomes (subterranean seg-

ments 30 to 60 cm in length) bearing erect shoots and roots

were dug out for morphological study. Plant material was

taken from more than 20 different habitats. These habitats

varied in several ways: leaves of J. roemerianus in some

places were abundant, sparse, tall, short, in pure stands and

associated with other vascular plants. Plants were also ex-

amined from low, intermediate and hypersaline marshes, as

were plants colonizing new terrain, where they grew without

competition. Plant material for analomical work was fixed

in a formalin, proprionic acid and ethyl alcohol solution

(FPA), processed using a tertiary butyl alcohol series and

embedded in the usual manner. Sections were cut 10-15

microns on a rotary microtome, affixed to slides using

Haupt’s adhesive and stained with safranin and fast green

using standard procedures outlined by Johansen (1940) and

Sass (1958).

VEGETATIVE MORPHOLOCY

General

A single mature plant of J. roemerianus is difficult or

impossible to discern by cursory examination in a typical

stand. Rhizomes may connect hundreds of erect shoots of a

single plant in a relatively small surface area of marsh. The

continuous proliferation and subsequent senescence of

rhizomes account for the vegetative spread and maintenance

of the mature stand (Eleuterius 1975). Long, interconnected

rhizomes bearing erect shoots and roots represent a portion

of a single clone and serve to illustrate the typical mature

plant. The vegetative axes of the mature plant are dimorphic

with a clear distinction between horizontal and erect shoots

(Figure 1A), but the sequence of events typical of sympodial

branching is often obscured by the vigorous growth asso-

ciated with the horizontal axis.

The Rhizome

Rhizomes possess tightly overlapping leaf-like scales or
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cataphylls which arise ventrally and dorsally. The plane of

distichy is vertical. The rhizome apex does not grow in-

definitely but eventually becomes an indeterminate erect,

leafy shoot. Young rhizome portions are generally larger in

diameter than older parts, which become somewhat con-

stricted with age. Rhizomes range in diameter from 2 to

18 mm, the average ones being about 9 mm. The internode

length may vary from a millimeter or less to over a centi-

meter. The rhizome bud is formed periodically in the axil of

a scale leaf which arises on the lower surface of the rhi2ome

(Figure 1B-E). The division of the rhizome apex is almost

dichotomous with the resulting dorsal meristem being only

slightly larger than the ventral. The dorsal and ventral

meristems are destined to form the erect shoot and new
rhizome, respectively. In most instances the terminal rhi-

zome bud develops precociously and continues to grow at

such a rapid rate that the sympodial branching pattern is

obscured to the extent that it may be erroneously inter-

preted as monopodial. The precocious growth of the rhi-

zome bud displaces the terminal bud of the previous unit,

which becomes an erect, leafy shoot. This displacement

occurs in such a way that the leafy shoot appears to be

inserted at the middle or, more often, toward the distal end

of the rhizome internode. Occasionally, a rhizome may arise

from a bud formed on the dorsal side of the rhizome apex

which grows in a direction opposite the terminal rhizome

when eviction of the leafy shoot occurs. The apex of the

dorsal rhizome becomes oriented in the opposite direction

from that arising from the ventral bud. As many as three

rhizomes may arise from a single erect shoot. These new
rhizomes may occur in the same or opposite directions.

Most new rhizomes arise in leaf axils on the side of the

erect shoot synonymous to the ventral surface of the rhi-

zome (Figure 1F-G). Deflection of apexes by obstructions

in the substratum causes many planes of growth or centri-

fugal spread of the plant. Consequently, all new rhizome

production is in one plane. Axillary buds of the erect shoot,

synonymous to the dorsal surface of the rhizome, give rise

to new rhizomes which reinvade terrain previously occupied

by the plant (Figure 2A and B).

The number of nodes or internodes between erect shoots

is variable. In some localities the number may vary from 1

0

to 1 8, in others 6 to 12, or 1 to 5. The number varies within

the same clone. However, most material examined ranged

from 8 to 14 and averaged about 12 nodes between erect

shoots. In seedlings only one node may exist between erect

shoots (Eleuterius 1975). The distance between erect shoots

may be minute to 5.5 centimeters or more, the average

being about 2.5 centimeters (Figure 2C--E).

The Erect Shoot

The mature erect shoot may vary from one to several

centimeters in length and consists of a series of nodes and

compressed internodes. The growth of the erect shoot is

determinate, culminating in the production of terete leaves

or a culm. Apparently as the erect shoot develops, the scale

leaves become longer and tougher in texture as each succes-

sive node is produced. These may be conveniently referred

to as transitional leaves, contrasting with the scale leaves of

the rhizome and terete foliage leaves. There are generally

three to Five present on each erect shoot. The arrangement

of transitional and foliage leaves is distichous.

A culm is apparently not produced on every erect shoot,

some ofwhich then remain leafy throughout their existence.

The culm is an elongated internode of the erect shoot, which

elevates meristematic tissue destined to be the inflorescence.

A red hand circumscribes the floral meristem (node) of the

culm and separates the internode region from the bract

which subtends the inflorescence. Culm production termi-

nates the life of the erect shoot. However, the rhizome units

supporting the erect shoot may remain alive. The culm

appears externally much like a leaf; however, it is weakly

developed and is broken more easily than the leaf.

The Foliage Leaf

All foliage leaves are cylindrical or unifacial above the

sheath with the abaxial surface to the exterior. The lower

portion or sheath of the foliage leaves is bifacial with free

margins through which new leaves emerge. All sheaths are

rolled and the leaf margins form a slit through which sub-

sequent leaves protrude as they are produced by the apical

meristem of the erect shoot. The position of the slit alter-

nates with each successive leaf produced. Leaf production

is two-ranked or distichous. Thus, the second leaf generally

emerges from a slit on the abaxial surface of the first leaf.

As many as seven leaves may arise sequentially from the

relatively short erect shoot. The upper portion of terete

leaves are stiff and pointed at the end, and may range in

diameter from a few millimeters to three-quarters of a

centimeter; the average is about 3 millimeters. Mature

leaves range in length from 30 to 223 cm, depending on

the habitat. Over most of the local population they average

about 100 cm.

Figure 1. Vegetative morphology of Jurtcus roemerianus. 1A. A general view of a portion of a mature plant. AH units of the sympodium
shown are connected and may be traced back to the parental unit on the right. Note that the orientation of most new vegetative units

occurs in the same direction with respect to the parental unit (i = inflorescence). IB. Rhizome apex (a) after forming in this case after

five nodes and internodes were produced. 1C. Erect shoot (es) forming by eviction and precocious development of a terminal rhizome
bud (rb). The rhizome bud forms in the axil of a scale leaf on the ventral surface of the rhizome. The plane of distichy of the scale leaves is

vertical. ID. Subsequent development of an erect shoot and rhizome buds as shown in preceding view atC. IE. Later development of

erect shoot (es) and rhizome (r). Note development of the two axes are about equal. IF. General view of rhizomes arising from erect

shoots. Note erect shoot (to right) gave rise to two rhizomes. Transitional leaves (t) (scale leaves) accompany early development of erect

shoot. 1G. Erect shoot developing after seven nodes and internodes are formed by rhizome apex. Non-branching anchoring roots (nr)

arise from nodes on the ventral surface of rhizome.
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The Roots

There are two types of roots found in J. roemerianus.

One type branches frequently, is relatively small in diameter

and somewhat stiff. The other type generally does not

branch or does so infrequently. These roots are relatively

large, succulent, deeply penetrating and consistently arise

from the lower surface of the rhizome near the apex.

The development of fibrous roots is somewhat delayed

and restricted to the lateral surface (perpendicular to the

plane of distichy) of the mature erect shoot (Figure 2-F).

VEGETATIVE ANATOMY

The Leaf

The mature leaf blade is symmetrical in cross section

(Figure 3A). There is a single-layered epidermis with the

outer cell wall thickened and heavily cutinized. Stomata

are not recessed. The stomatal cavity or substomatal cham-

ber occurs in the palisade at a depth of one to several cells.

Procumbent protective cells line the substomatal cavity

(Figure 3B and C).

The chlorenchyma is composed of six to seven layers

of elongated palisade cells with slightly swollen, pointed

ends. The cells, more or less perpendicular to the leaf

surface, appear to radiate from sclerenchyma girders or

strands which occur next to the epidermis in triangular or

irregular patches in cross section. These strands are often

close together, separated by the width of the stoma only

(Figure 3C—F). Other strands of sclerenchyma, more or

less rounded or oval in outline, are scattered in the central

ground tissue especially toward the solid parenchyma leaf

center where each is surrounded by a parenchyma sheath.

Both inner sclerenchyma and outer parenchyma bundle

sheaths surround the vascular bundles.

The vascular bundles generally occur in two or three

rings in the cylindrical leaves. Large vascular bundles with

two medium-sized metaxylem vessels on either flank occur

in the leaf center. The smaller bundles occur outermost

and may be arranged in two or more rings, some free in

the central ground tissue of the culm. However, most of

the vascular bundles are concentrated near the periphery

of the leaf. The phloem of the vascular bundles is external

to the xylem and the arrangement of the vascular tissue

within the leaf resembles that of an atactostele. The phloem

is frequently surrounded on the outside by sclerenchyma

or thick-walled parenchyma cells. Fibers are often found in

the phloem. A series of branching parenchyma cells radiate

from the sclerenchyma girders to the vascular bundles.

These cells are stellate, a highly specialized polyhedral cell

type, and form transverse diaphragms or septa within the

leaf (Figure 3D).

The Culm

The flowering stem or culm is weakly developed and

easily broken. Chlorenchyma occurs beneath the single layer

epidermis. It is composed of irregular or rounded cells, two

to three cells in thickness, and a few strands of sclerenchyma.

These sclerenchyma girders are much smaller than those

found in the leaf The culm center is composed of continuous

parenchyma. A series of radiating diaphragms of stellate,

lobed cells or branching parenchyma are also found in the

culm. The vascular bundles are fewer in number but larger

in size in comparison to those of the leaf (Figure 4A and B).

However, the orientation of the phloem is the same as for

the leaf, being external to the xylem. The stomata are not

sunken. Protective cells are found lining the substomatal

cavity. The isodametric cells of the chlorenchyma are loosely

arranged, which allows for the presence of air cavities

(Figure 4C and D).

The Rhizome

The abaxial side of the rhizome scale or cataphylls con-

tains an epidermis covered by a thick layer of cutin. The

epidermis of the scale is one cell in thickness, but the cells

are very large. A parenchyma layer from several to 20 cells

thick may be found between the upper and lower epidermis.

The rhizome has an epidermis of one cell in thickness which

often contains lignin. Under the epidermis occurs a many-

layered hypodermis which generally varies in thickness along

a single rhizome or between rhizomes of different habitats.

The outer cell layers of the hypodermis are often lignitied

and filled with an unidentified material. Lignification ac-

companied by apparent suberization is pronounced in older

rhizome portions. Under the hypodermis is a thick layer of

loosely arranged parenchyma, considered to be cortex. The

innermost layer of the cortex is a single endodermoid layer.

In older portions of the rhizome, endodermoid cells have

thickened inner walls. A pericycle, a layer of parenchyma

Figure 2. Vegetative morphology of Juncus roemerianus. 2A. Erect shoot and associated rhizomes and rhizome buds. Rhizome (r)

was formed simultaneously with erect shoot (es). Rhizome bud (rbl) arises dorsally on the rhizome slightly behind the erect shoot (es).

Rhizome bud (rb2) arises from the erect shoot. Note that the buds at rbl and rb2 are forming erect shoots immediately after being formed.

2B. Erect shoot (esl) and associated erect shoots (es2) which arose from buds as described at A. 2C. Secondary rhizome developing

erect shoot and rhizome bud which forms a further unit of the sympodium. 2D. Proliferation of erect shoots on colonizing plants

growing without competition. Note that rhizome buds form erect shoots immediately. This example shows that elongated rhizomes between

erect shoots are not formed in all instances. 2E. Distance (d) between erect shoots of mature plants varies between habitats. The segment

of rhizome on the left has about 14 nodes and internodes separating erect shoots. This plant grew under conditions which apparently

favored vegetative reproduction. The leaves were over 7 feet in length. The segment on the right has only a few nodes and compressed

intemodes between erect shoots. This plant grew under hypersaline conditions. 2F. Location of fibrous roots (fr) on erect shoot (es).

These roots generally arise perpendicular to the plane of distichy on the lateral side of the erect shoot. Nonfibrous (nf) or anchoring

roots arise from the ventral surface of the rhizome.



Figuie 3. Anatomy of the leaf of Juncus roemerianus. 3A. Transection of leaf. Note tlie thick layer of palisade cells (p) forming

chlorenchyma and vascular bundles (v). 3B. Leaf cross section showing sclerenchyma girders appressed against the epidermis and stoma
(st) Note the procumbent protective cells lining the substomatal chamber. 3C Transection of leaf showing general arrangement of

palisade cells (p) between sclerenchyma girders (s) and stomata (st). Vascular bundle (v) gives general view and shows phloem oriented

external to the xylem. 3D. Longitudinal section of leaf showing a series of stomata on the extreme left underlaid by palisade cells (p).

A diaphragm (d) or septum of stellate cells or branching parenchyma (polyhedrals). 3E and F. Longitudinal sections showing the regu-

lar arrangement of palisade cells (p), sclerenchyma girder (s) and vascular bundle (v).
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Figure 4. Anatomy of the culm of Juncus roemerianus. Transection of culm. Note arrangement of vascular bundles (v), diaphragms of

stellate cells or branching parenchyma (b) and non-branching parenchyma (n). Sclerenchyma girders (s) are very small in comparison to

those of the leaf. 4B. Close view of leaf in cross section showing sclerenchyma (s) and absence of palisade cells. Irregular or rounded cells

form a thin layer of chlorenchyma (c). Note stellate ceils (b) of diaphragm and extension to vascular bundles (v). 4C. Greater magnifica-

tion of leaf cross section showing stomata with guard cells (g) and thin layer of chlorenchyma (c). 4D. Longitudinal section of leaf show-

ing orientation of stomata and guard cells (g). Note loose arrangement of chlorenchyma.
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tissue two to five cells in thickness, occurs immediately

inside the endodermal layer. The center of the rhizome

contains numerous amphivasal vascular bundles surrounded

by parenchyma cells. Generally more vascular bundles are

found near the outer portion of the stele than in the center.

The smaller vascular bundles, often tortuously fusing or

dividing, occur immediately to the inside of the pericycle.

The central ground tissue is parenchyma (Figure 5A—C),

The Roots

Although there are two types of roots, based on general

morphology, no major anatomical differences were noted

in comparing the two types. The roots have an epidermal

layer one cell in thickness. The cortex is composed of

radiating plates of cells separated by air spaces or lacunae.

The outer part of this cortex is composed of a layer of

hexagonal cells, three to nine cells in thickness. The inner

part of the cortex is composed of a layer of rounded, thin-

walled ceils, which becomes thicker in older roots. This

layer is three to eight cells thick. The eridodernhs is one

cell in thickness, with very thick inner and anticlinal walls

and thin outer walls. A pericycle, a layer one to three cells

in thickness, occurs immediately within the endodermis.

Phloem persists in mature roots as inconspicuous patches

pressed against the pericycle. The entire center of the root

appears to be composed of xylem. However, small, thick-

walled cells which may be scle rilled parenchyma* compose
the central portion of the xylem and from 1 to 24 large

vessels arranged in a ring occur in the outer portion of the

stele where they are sometimes accompanied by a central

metaxylem vessel in larger roots (Figure 5D and E). In-

dividual metaxylem vessels may be surrounded on the out-

side by one layer of flattened tracheids (Figure 5F—G).

DISCUSSION

In an earlier account it was suggested that/, roemerianus

possesses monopodial branching (Eleuterius 1975). This

was based on early stages of development in mat ure rhizome

apices which showed where the meristem divided equally

or nearly so with the resulting dorsal meristem often slightly

larger than the ventral. The lower meristem gives rise to the

dominant axis, the rhizome. In most cases the horizontal

stem clearly exceeds the development of the erect stem.

This prevailing condition suggested that two shoots had been

initiated simultaneously, the horizontal shoot or rhizome

being indeterminate. The branching is thus monopodial.

Subsequently, a more detailed investigation showed that the

earlier supposition was incorrect and that sympodial branch-

ing in most mature plants of J. roemerianus involved pre-

cocious rhizome bud formation at the rhizome apex. This

precocious bud formation is followed by vigorous rhizome

growth, thus obscuring the clear-cut example of sympodial

branching exhibited by immature and certain mature plants.

The elongated rhizomes formed between the erect stems

are peculiar and unique since in most species of Juncus

where branching is distinctly sympodial the rhizome seg-

ment between erect shoots is rather short, resulting in a

clumped habit. This is an important vegetative characteristic

which accounts, in part, for the domination of/. roemerianus

over large areas of salt marsh.

Sympodial branching implies that the plant is composed

of units which are deteiminate and that further growth

continues from axillary buds. In / roemerianus, buds con-

sistently arise in the axils of scale leaves on the ventral

surface of the rhizome and frequently in the axils of

transitional and foliage leaves on the erect shoot. Richards

and Clapham (1941) state that the continuation bud con-

sistently arises in the axil of the second scale leaf ofJuncus

inflexus. Anderson (1974) states that it occurs in the ninth

scale leaf of J. roemerianus. However, 1 find the ventral

scale leaf axil, in which the continuation bud occurs, to be

lrighly variable. Sometimes it occurs immediately 3t the first

node (where one node separates the erect shoots), while in

other material the bud may be found in the axil of the

eighteenth scale leaf (18 nodes separating the erect shoots).

Thus, the formation of erect shoots and rhizome buds

apparently does not occur after any fixed number of nodes.

The number of rhizome nodes between erect shoots varies

among plants from different localities and habitats of /.

roemerianus.

In some populations of J. roemerianus rhizome growth

is suppressed but the leaves are very long. In other areas

the leaves may be relatively short, but rhizome growth is

extensive. Various combinations of growth patterns exist in

different habitats. In some areas of relatively low Salinity,

plants are often very robust with leaves over 7 feet in

length, whereas, in hypersaline areas the plants are dwarfed

(less than 1 foot). Whether this variation in the size of

these plants is a response to environmental factors or due

to genetic control remains unclear. However, data from

reciprocal transplant experiments suggest that ecotypic

adaptation may exist within /. roemerianus. Reduced plant

size and increased vascularization of internal tissues is

characteristic of plants which grow under saline conditions.

However, the internal anatomy of various plant structures

remains relatively constant. In dwarf plants the internal

Figure 5. Anatomy of the rhizome and roots of Juncus roemerianus. Transection of young rhizome showing arrangement and general

appearance of tissues. The epidermis is a single layer of cells. The hypodermis (h), cortex (c) and endodermoid layer (e) are shown. The
stele is composed of scattered amphivasal bundles. 5B. Transection of older rhizome showing well developed tissues. Note the lignified

hypodermal cells (h) which may contain suberin. The cortex (c) and endodermoid layer (e) are well developed. The amphivasal bundles are

well defined and are tightly appiessed against the pericycle. 5C. An individual amphivasal bundle of rhizome stele. $D. A cross section

of a root. Note the large lacunae of the inner cortex, thick outer cortex and the relatively small vascular stele. 5E, Greater magnification

of cross section showing detail of endodermis and vascular stele. Note the thick inner and anticlinal walls and thin outer walls of the cells of

the endodermis. The metaxylem vessels are arranged in an outer ring. 5F. Another section of a root showing the endodermis with cell

walls thicker than shown in E. This thickening appears to occur with age. 5G. Metaxylem vessel surrounded by flattened tracheids.
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tissues are correspondingly reduced with an obvious reduc-

tion in the amount of parenchyma which occurs in all

plant organs. The amount of parenchyma is partially re-

stored in new organs of dwarf transplants when they are

taken from hypersaline marshes and grown under low

salinity.

The occurrence of stellate cells in the pith of the cos-

mopolitan Juncus effusus has been described in detail by

Maas Geesteranus (1941). In /. roemerianus, Juncus mariti-

mus Lam. and Juncus acutus L. these stellate cells form

diaphragms and are regarded as a secondary development in

the more advanced species (Buchenau 1906). Diaphragms

have been found in other water plants (Kaul 1971, 1973,

1974) associated with air chambers which provide internal

ventilation. These diaphragms probably give strength with-

out rigidity (Snow 1914; Williams and Barber 1961).

Several morphological and anatomical features are ap-

parently related to water regulation. These include the

presence of lignin and possible suberin in the outer layer of

the hypodermis and cortex of the rhizome and roots, the

well-developed endodermis of the roots and endodeimoid

layer of the rhizomes, the heavy cutinization of the rhi-

zomes, scales and foliage leaves, and the fibrous leaves.

Clements (1907) stated that in grasses and sedges the

presence of large amounts of sclerenchyma in the leaves

renders water loss difficult.

Internal anatomy has much use in taxonomic work. The

presence of pith in the leaf was the characteristic used by
Buchenau (1906) in defining Juncus subgenus Thalassi.

Raunkiaer(1895) placed J. maritimus in a separate category

because the vascular bundles of the leaf and culm are found

throughout the culm and leaf center, Adamson (1925) and

Cutler (1969) showed that the leaf anatomy of J. maritimus

and J acutus are essentially the same. Anatomically J.

roemerianus resembles these two species of Juncus which

have solid piths with vascular bundles. The chief anatomical

differences which exist between J. maritimus,
J. acutus and

J. roemerianus are found in transverse sections of the leaf.

The detailed morphological and anatomical characteristics

of J. roemerianus described in this paper may have taxo-

nomic value in diagnostic work, especially where hybrids are

concerned or suspected (Stace 1970; Eleuterius 1975). How-
ever, no differences in vegetative anatomy were noted within

J. roemerianus when plants which produce perfect and pistil-

late flowers were compared (Eleuterius and McDaniel 1974).
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SHRIMP POPULATION DENSITIES WITHIN MOBILE BAY*

HAROLD C. LOESCH*
Department of Marine Sciences, Louisiana State University,

Baton Rouge, Louisiana 70803

ABSTRACT Brown shrimp and white shrimp populations available to the shrimp trawl in Mobile Bay were estimated on

a monthly basis by two methods: one using existing commercial statistics and the other using experimental trawling. These

methods produced similar estimates for brown shrimp whose peak standing crop in Mobile Bay occurred in June- July and

was estimated at 200,000-300*000 pounds. Commercial landings peaked in July at about 342,000 pounds and were higher

than the standing crop, indicating an extremely fast growth rate.

White shrimp data were variable, with commercial statistics indicating a crop in Mobile Bay of about 100,000 pounds

from September to November and with experimental trawl data indicating a peak of 267,000 pounds in August. Average

monthly harvests approached 100,000 pounds from August to October.

Abundance of pink shrimp was erratic and commercial shrimp statistics indicate variation from 475 pounds landed in

1956 to 34,000 pounds landed in 1957.

INTRODUCTION

The shrimp fishery is the most valuable fishery in the

Gulf of Mexico. Its value and poundage have increased with

the introduction of the gas engine, the otter trawl, and

modern refrigeration; with the discovery of new fishery

grounds; and most recently with the increase in fishing

pressure. Despite the latest increase in fishing pressure, the

total yield remained stable in the Gulf states until 1971.

Variations since that time seem to have been related to rain-

fall and river flow (Gunter and McGraw 1973).

Gunter (1956) said that because of extremely fast growth

rates of shrimp in warm months, no reasonable amount of

fishing would reduce the total weight of the population

during these months.

Loesch (1962) stated, “According to pioneer shrimpers,

shrimping was much better in years gone by. Their observa-

tions may be faulty in that they may remember the ex-

ceptional catches but not their frequency. If there is a

reduction in the number of shrimp in the bay now compared

to twenty years ago a number of factors could be involved.

Increased fishing pressure is not the only man-made differ-

ence in the bays. Agriculture, industry, and navigational

improvements have wrought great changes, so former abun-

dance is not a sure index to present potentialities.”

Penaeus setiferus (Linnaeus) and Penaeus aztecus Ives are

two species of commercial shrimp found more or less abun-

dantly in all five Gulf states; Penaeus duorarum Burkenroad

also is common in Florida and Texas and appears sporadically

in the intervening states.

Loesch's dissertation (1962) was an attempt to add to

the general knowledge of the shrimp during the time they

live in brackish water. Loesch (1965) gave seasons they

appeared in the bays and size distribution within different

water depths, salinities, and areas. This paper attempts to

*Pari of Ph.D. Dissertation, Loesch (1962)

estimate monthly populations of brown shrimp and white

shrimp by using two different methods. One method uses

commercial fisheries data, by determining both the ratio of

area swept by commercial trawl to total area in Mobile Bay

and the ratio of shrimp caught to total estimated population

in Mobile Bay. The other method uses similar techniques

but substitutes experimental trawl data for commercial

trawl data.

MATERIALS AND METHODS

The fishing mortality generated by a single operation,

which may be considered as taking part of the whole stock,

is equal to the fraction of the population caught. If the

stock is evenly distributed and the gear effectively catches

all the shrimp within a certain area (a), and if the total area

inhabited by the stock equals A, then the fishing mortality

is equal to a/A. The mortality generated by the whole

fishery is then al/A, where al is the sum of the areas

covered by all the vessels of the whole fleet. The area

covered would be the distance between the doors of the

trawl times the total distance dragged.

There are two important sources of errors, acting in

opposite directions, First, not all the shrimp in the area

covered by the gear will be caught, resulting in an under-

estimation of available crop or population occupying area A.

Second, Ihe density of shrimp in the fished area will be

greater than the average density, resulting in an overestima-

tion of the available crop in area A. While the method is

not suitable for an exact account of the population or

available crop in area A, it may be useful in giving an

indication of its magnitude. By estimating the population

and knowing the commercial catch one can arrive at the

fishing mortality.

Using a 1 as the sum of the area covered by all vessels in

Mobile Bay during a given month, and A as the area of

Mobile Bay (297 square nautical miles), then al/A is the

number of times an area equal to A is swept. Using Wc as the

11



2 Loesch

average pounds of shrimp caught commercially during each

month with the fleet covering a 1
,
then the computed crop

in pounds available to trawls at a given time during a given

month would be Wc/ai/A. A trawling speed of 3 knots and

an average net spread of 60 feet were assumed in making

these computations.

Another estimate may be obtained from experimental

trawl data. A 23-foot trawl was dragged at 3 knots for 30

minutes at each of 12 bay stations (Figure I). This covered

about 0.068 square nautical miles, or about 1 /4370th of

Mobile Bay. Using wc as equal to the pounds of shrimp

caught with this gear, then the product (4370 x wc ) would

be equal to the computed crop in pounds available to trawls

during any given month. Thus, two estimates of available

crop were made.

The average poundage of each species of shrimp caught

commercially during each month and the average number of

.days fished during each month were computed from U.S.

Fish and Wildlife Service statistics (1956-1960). During

July, August, and September of these years a 1 /A was greater

than 1. This means that an area greater than the total area

of Mobile Bay was swept by commercial gear during each

of these months. Therefore, Wc/at/A, or the estimated

shrimp available at a given time during the month, is less

than the total shrimp caught during the month by the com-

mercial fishery. For a more accurate picture, daily records

would have been better, but such data were not available.

However, an average for daily Wc figures would be about

one-thirtieth of the monthly figures, and a daily average of

area swept would be about one-thirtieth of a 1
. Therefore,

figures obtained on the estimated standing crop would be

very similar to those obtained from monthly figures.

RESULTS AND DISCUSSION

Brown Shrimp

Data from experimental trawling for brown shrimp SR

aztecus indicate that the amount of shrimp caughi during

July and August was greater than the estimated standing

crop available to trawlers at any given time during these

months (Table 1). During September the amount caught

was about equal to the estimated standing crop available.

The experimental data closely parallel data obtained from

the commercial fishery, especially during the brown shrimp

season which lasts to October. From October on, more
white shrimp were caught.

Loesch (1962) shows that the length-frequency, means,

and modes advanced only slightly from June to August and

there often was a decrease in the modal length. Large

numbers of small brown shrimp were available around the

edges of the bay to replace those caught by trawl. With fast

growth and an ample recruitment stock, it is possible for

the monthly poundage of shrimp caught to exceed the

pounds available at a given lime.

A drag bar used during the sampling program covered a

strip 2.5 feet (0.76 m) wide (Figure 2). The 10 nearshore

stations constituted a sampling of 25 feet total shoreline

since hauls were made perpendicular to shore. The shoreline

1 Beacon No. 4

2 Alabama Port

3 Beacon No. 18

4 Fowl River

5 Deer River

6 Dog River

7 Devil’s Channel

8 Daphne
9 Dredge

10 Mullet Point

11 Bon Secour

12 Little Point Clear

a Alabama Port

b Austins

c Bellefontaine

d Dog River

e Brookley Field

f South of Causeway

g North of Causeway
h Daphne
i Fairhope

j Mullet Point

k Weeks Bay
1 Pleasure Point

m Fort Morgan

Figure 1. Location of stations in Mobile Bay.

of the bay is about 425,000 feet, so the gear sampled about

1/ 17,000th of the shoreline area. If the areas sampled are

representative, millions of very small young brown shrimp

were always available around the periphery of the bay from

April to September (billions during the peak season) to

replace those removed by man and other predators.

The apparent two periods of recruitment in brown shrimp

populations may not reflect spawning peaks but rather a

combination of growth and survival peaks. SubrahmanyanTs

(1971) studies in Mississippi indicate (hat the commercial

penaeids spawn during most of the year and that influx of

larvae into the bays is related to factors other than spawn-

ing peaks. Peaks in recruitment may occur at times when
competition is least-early in the season before the area

becomes densely populated apd again when the first "crop”

that is able to survive moves out into the Gulf.

There was little change in mean size of young brown



Shrimp Population Densities 13

TABLE 1.

Various trawl data of brown shrimp catch relationships in Mobile Bay, Alabama.

Month g al/A wc Wc/aVA 4370 • wc Wc/

g

January 0 insuf 0 insuf 17,000 0
February 0.2 0.005 53 insuf 26,000 insuf

March 32.0 0.078 1,699 21,782 8,000 53
April J 7.0 0.04] 2,1 0J 51,244 21,000 124
May 69.0 0.167 12.390 74,192 28,000 180
June 397.0 0.962 171,270 178,035 297,000 431
July 708.0 1.716 342,135 199,379 205,000 483
August 685.0 1.660 175,293 105,598 114,000 256
September 444.0 1.076 38,245 35,544 41,000 86

October 316.0 0.766 6,900 9,007 48,000 22
November 246.0 0.596 5,605 9,404 16,000 23
December 51.0 0.124 677 5,459 12,000 13

8 =

al =

A =

al/A =

Wc =

Wc/a * /A =

wc
*

4370 • wc =

Wc/g
=

average number of 24-hour fishing days in Mobile Bay (1956-60)

sum of areas swept by trawl of entire fleet in Mobile Bay (1956-60)
total area of Mobile Bay
number of times area equal to a 1 is swept by trawls in Mobile Bay (1956-60)
average pounds of shrimp caught commercially in Mobile Bay (1956-60)
computed crop of shrimp in pounds available to trawls at a given time during a given month as estimated from swept areas

(1956-60)
pounds of shrimp caught with 23-ft trawl dragged for 30 minutes at 12 bay stations (July 1953—Sept. 1955)

computed crop of shrimp in pounds available to trawls at a given time during a given month as estimated from experimental

trawling (July 1953-Sept. 1955)

average pounds of shrimp tails caught per day commercial trawling (1956-60)

shrimp taken near shore. When the mean length remains

constant, there apparently is continuous recruitment of

young shrimp and migration of slightly larger shrimp off

shore. The mean size varied from about 20 mm in April or

March, when the young shrimp first appeared in the bay, to

about 40 mm the first month after appearance. A possible

reason for this increase is the absence of an accumulated

population of larger shrimp to migrate off shore this first

month. Thereafter, with the population buildup completed,

the larger individuals left the shore area and the mean varied

between 30 and 50 mm.
Only in June, July, and August were above-average num-

bers of brown shrimp taken by trawl (Table 2). There was a

general decrease in May, a great increase in June, followed

by a gradual decrease until September and an increase in

October. This is essentially the same pattern reported by

Gunter (1950) in Texas.

The following is a list of the stations (see Figure 1) in

order of decreasing average numbers of brown shrimp taken

per 30-minute trawl: Deer River (station 5), Beacon No. 4

(station 1), Fowl River (station 4), Alabama Port (station 2),

Dredge (station 9), and Dog River (station 6). Of these six

top producers all except the dredge station are located on

the western side of Mobile Bay. The remaining stations,

continuing in order of decreasing abundance, are as follows:

Mullet Point (station 10), Little Point Clear (station 12),

Bon Secour (station 1 1), Beacon No. 18 (station 3), Daphne
(station 8), and Devil’s Channel (station 7). Detailed figures

are given in Table 2.

Deer River (station 5) had the largest number of shrimp

primarily because of the larger winter catches there. The

32-foot water is somewhat warmer than that of the sur-

rounding shallower area during the winter. The channel is

oriented in an east-west direction, so shrimp attempting to

leave the bay in a north-south direction would cross the

channel. Although the water at Beacon No. 18 (station 3)

is 35 feet deep, this channel runs north and south, so shrimp

are able to continue their north to south movement within

the deeper water of the channel and for this reason do not

accumulate in the main ship channel in winter as much as

they do in the Deer River channel.

White Shrimp

Using the same procedures outlined in the discussion on

brown shrimp, tabulations of estimated standing crop using

experimental trawl data and commercial catch data are given

for white shrimp P. setiferus in Table 3.

The experimental data reveal that some larger shrimp

came into the lower bay during the early part of the year,

but they left and by June almost no white shrimp were in

the bay (Loesch 1962). Commercial statistics corroborate

this. In July, according to experimental data, there was a

rapid buildup. Commercial data do not indicate a popula-

tion until August. Young white shrimp prefer fresher water,

and during July most of the shrimp were in upper Mobile

Bay, which is closed to commercial shrimping during this

season. Also during July the commercial fleet is concentrat-

ing on the larger brown shrimp because the new population

of white shrimp is very small. In August the experimental

data again indicated a much larger population of white

shrimp than was indicated by the commercial data (Table 3).
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TABLE 2.

No. Station Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.

7 Devil’s Channel 0 0 0 0

P. aztecus

0 22.0 2.7 1.5 5.5 20.0 0.5 1.5 4.0

6 Dog River 0.5 0 0 0.5 3.5 412.0 106.0 23.0 8.3 14.0 0 4.5 47.0

8 Daphne 0 0 0 0 18.0 132.0 69.0 0 1.3 2.5 1.0 0 19.0

5 Deer River 179.0 305.0 34.0 13.0 32.0 611.0 168.0 50.0 11.0 202.0 60.0 44.0 140.0

9 Dredge 3.5 0 0 0 4.0 249.0 206.0 ' 22.0 1.5 32.0 10.0 0.5 73.0

4 Fowl River 0 i.n 0 0.5 24.0 802.0 134.0 74.0 6.0 2.5 3.5 14.0 89.0

10 Mullet Point 0 0.5 0 0.5 42.0 144.0 162.0 49.0 11.0 12.0 1.5 0 41.0

3 Beacon No. 18 3.5 4.0 0 0.5 54.0 33.Q 210.0 48.0 7.5 4.0 3.0 5.5 38.0

11 Bon Secour 1.0 0 1.5 3.5 14.0 98.0 203.0 60.0 44.0 10.0 3.0 2.0 41.0

2 Alabama Port 6.5 1.0 9.5 1.0 3.0 128.0 232.0 162.0 202.0 9.0 6.0 24.0 79.0
12 Little Point Clear 1.0 1.0 0.5 5.0 6.0 26.0 160.0 85.0 47.0 35.0 8.0 3.0 40.0

1 Beacon No. 4 5.0 6.0 10.0 88.0 3.0 52.0 344.0 207.0 58.0 162.0 45.0 9.5 103.0

AVERAGE 16.7 27.7 4.6 9.4 16.8 229.6 169.0 77.5 30.3 42.0 11.8 9.0 59.0

7 Devil’s Channel 0 0 0 0

P. setiferus

0 0 0 886.0 2.0 84.0 0 0 130.0

6 Dog River 0 0 28.0 5.0 9.0 8.5 437.0 788.0 95.0 42.0 2.0 1.0 205.0

8 Daphne 0 0.5 0 0 1.5 0 1.7 14.0 4.0 6.0 4.5 0 3.0

5 Deer River 112.0 54.0 14.0 0 8.5 0 107.0 122.0 56.0 206.0 580.0 40.0 124.0

9 Dredge 2.5 0 0 0 0 0 177.0 312.0 74.0 422.0 240.0 0 125.0

4 . Fowl River 0.5 1.0 29.0 18.0 5.0 0.5 226.0 62.0 9.0 4.0 18.0 10.0 41.0

10 Mullet Point 0 10.0 8.5 1.0 4.5 0 1.0 4.0 4.0 70.0 14.0 0.5 14.0

3 Beacon No. 18 6.5 89.0 3.0 2.5 3.0 1.0 91.0 28.0 5.0 2.5 2.0 34.0 25.0

11 Bon Secour 1.5 10.0 8.0 9.5 3.0 0 19.0 49.0 5.5 40.0 23.0 5.0 17.0

2 Alabama Port 39.0 48.0 54.0 12.0 1.0 1.0 2.0 134.0 90.0 31.0 24.0 14.0 47,0

12 Little Point Clear 0.5 15.0 12.0 1.5 4.0 1.0 0.7 494.0 28.0 26.0 32.0 22.0 84.0

1 Beacon No. 4 7.5 5.0 0.5 0 1.0 1.0 0 31.0 0 6.5 10.0 11.0 8.0

AVERAGE 14.2 20.3 13.1 4.2 3.3 0.3 105.2 247.1 31.2 78.0 78.9 11.4 67.2

TOTAL DRAGS 24.0 23.0 24.0 24.0 24.0 23.0 36.0 48.0 27.0 24.0 24.0 24.0 325.0

Figure 2. Drag bar for nearshore sampling.

Average number of shrimp taken each month at each bay station (July 1953-September 1955).
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TABLE 3.

Various trawl data of white shrimp catch relationships in Mobile Bay, Alabama.

Month & a*/A Wc Wc/al/A 4370 wc Wc/g

January 0 22,000
February 0.2 0.005 0 insuf 26,000 0

March 32.0 0.078 770 5,872 22,000 24
April 17.0 0.041 63 1,536 13,000 4

May 69.0 0.167 260 1,557 9,000 4

June 397.0 0.962 318 330 1,000 1

July 708.0 1.716 669 390 100,000 1

August 685.0 1.660 97,256 59,793 267,000 111

September 444.0 1.076 99,599 92,564 66,000 208
October 316.0 0.766 82,783 108,072 105,000 262
November 246.0 0.596 58,749 98,572 113,000 238
December 51.0 0.124 12,588 101,516 18,000 247

g = average number of 24-hour fishing days in Mobile Bay (1956-60)
al = sum of areas swept by trawl of entire fleet in Mobile Bay (1956-60)
A = total area of Mobile Bay

a 1 /A = number of times area equal to a* is swept by trawls in Mobile Bay (1956-60)
Wc ~ average pounds of shrimp caught commercially in Mobile Bay (1956-60)

Wc/aJ/A = computed crop of shrimp in pounds available to trawls at a given time during a given month as estimated from swept areas

(1956 60)
wc = pounds of shrimp caught with 23 ft-trawl dragged for 30 minutes at 12 bay stations (July 1953-Sept. 1955)

4370 - wc = computed crop of shrimp in pounds available to trawls at a given time during a given month as estimated from experimental

trawling (July 1953-Sept. 1955)
Wc/g = average pounds of shrimp tails caught per day commercial trawling (1956-60)

Part of the difference can be attributed to the fact that these

data were also obtained from fresher northern Mobile Bay

which was closed to commercial shrimping, and perhaps

another part may be attributed to the schooling habits of

white shrimp which the experimental methods by chance

sampled in concentrations during this month. During De-

cember commercial catches indicated a much larger popula-

tion of white shrimp than actually existed in Mobile Bay
because the shrimp were concentrated and commercial boats

worked in those areas. Good individual catches are made in

cold weather and fishing effort is expended only during

times when catches might be good.

Because very young white shrimp stay at the extreme

shoreward edge of the water, it is impossible to project the

nearshore data as was done for the brown shrimp. Consider-

ing the number available as indicated by minnow seine

catches, it is obvious that white shrimp were available in

approximately the same order of magnitude as were brown
shrimp, but for a much shorter period of (ime, including

only late July, August, and September.

If statistics reported Ihe effort directed towards each

species, a better estimate could be made of ihe availability

of each species. However, except for the few months where

major discrepancies have been noted, standing crop estimates

obtained by experimental and by commercial data are of

the same order ofmagnitude. These figures are more accurate

for a particular species at the times when that species is

being commercially pursued.

The number of white shrimp increased sharply in July

and August, decreased in September and increased in October

and November, then decreased to practically none in June

(Table 2). Gunter (1950) reported a similar seasonal change

in Texas. The most productive stations for white shrimp

were: Dog River (station 6), Devil's Channel (station 7),

Dredge (station 9), and Deer River (station 5). These four

most productive stations are all located in the upper end of

Mobile Bay. The following stations continue in order of

decreasing abundance of white shrimp: Little Point Clear

(station 12), Alabama Port (station 2), Fowl River (station

4), Beacon No. 18 (station 3), Bon Secour (station 11),

Mullet Point (station 10), Beacon No. 4 (station 1), and

Daphne (station 8).

Almost all of the white shrimp caught in the experimental

period were taken during the last six months of the year,

while the majority of brown shrimp were taken from May
through September (Loesch 1962, Table 8). Almost 7000
white shrimp and less than 2000 brown shrimp were taken

in hauls in water less than 2 feet deep. Only 326 white

shrimp and over 4300 brown shrimp were taken in drags in

water from 2 to 10 feet deep.

Pink Shrimp

During the entire survey, only 262 pink shrimp P. duora-

mm were caught in Mobile Bay. These were all taken from

October to May. All pink shrimp caught in October and

November were taken in the lower end of the bay.

In the 1953-54 winter season, 62 pink shrimp were

caught in the sampling trawls; in the 1954—55 season 200

pink shrimp were taken. In 1956, according to U. S. Fish and

Wildlife Service statistics, Mobile Bay produced 475 pounds

of pink shrimp, all in May. In March 1957 examination of
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several commercial catches of shrimp from Mobile Bay

showed pink shrimp comprising about one-third of the

catch. More than 34,000 pounds of pink shrimp were

caught in Mobile Bay in 1957. The following year 2086

pounds of pink shrimp were reported caught in Mobile

Bay. Apparently the presence of pink shrimp in large num-

bers in Mobile Bay is sporadic. Springer and Bullis (1954)

report that pink shrimp appeared abundantly in Mississippi

coastal waters in 1950 but that they were practically non-

existent in catches the previous year and the following three

years.

CONCLUSION

Shrimp are subjected to intense fishing pressure in Mobile

Bay. During June, July, August, and September the commer-
cial catch of brown shrimp each month may exceed the

amount available to the trawl at a given time during that

month, as estimated from both experimental data and com-

mercial statistics. About half the available white shrimp are

taken each month from August to December. Large numbers

of small shrimp are available to replace those caught. It is

apparent that shrimp populations have very high recuperative

properties due to the Fast growth rate and are able to with-

stand high fishing pressure.
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BIOLOGY AND DISTRIBUTION OF THE MACROCOELENTERATES
OF MISSISSIPPI SOUND AND ADJACENT WATERS*

W. DAVID BURKE
Gulf Coast Research Laboratory, Ocean Springs, Mississippi 39564

ABSTRACT Studies conducted in Mississippi Sound from April 1971 through June 1973 elucidated the seasonal and

areal distribution of seven species of macxocoelenterates: Aurelia aurita (L), Chrysaora quinquecirrha (Desor \&4S), Pelagia

noctiluca Forskal 1775, Chiropsalmus quadrumanus (Muller 1859), Rhopilema vcrrillii (Fewkes 1887), Stomolophus

meleagris L. Agassiz 1862, and Physalia physalis (L). Physical parameters presumed relevant to the distribution of each of

these animals are presented. Developmental histories of certain of these forms are described.

INTRODUCTION

Although there are no recorded instances of dire human
encounters with coelenterates along the northern coast of

the Gulf of Mexico, the imminent development of the off-

shore barrier islands as National Park playgrounds introduced

the eventuality of human encounters with potentially viru-

lent medusae. Such prospects prompted an intensive invest!*

gation of the seasonal and areal distribution of the several

large species of jellyfishes presumed inimical toward man’s

recreational or commercial activities along the northern Gulf

coast.

Few studies have been made concerning the biology or

distribution of any of the several species of large virulent

medusae common to the northern coast of the Gulf of

Mexico. The first accounts of scyphozoan medusae collected

within the Gulf of Mexico were recorded by Mayer (1900),

and Mayer (1910). Hedgpeth (1954) essentially reiterates

Mayer’s findings and notes the occurrence of two species of

scyphomedusae unknown to the earlier author. Whitten et

al.(l950) noted the occurrence of three species of Scyphozoa

off the Texas coast. Similarly, Gunter (1950) and Simmons
(1957) listed a few species of scyphozoan medusae from the

waters of Texas. Hoese et al. (1964) provided data concern-

ing the periodic occurrence of Cyanea capillaia versicolor

at Port Aransas, Texas. Guest (1959) and Phillips and Burke

(1970) treated the presence of cubomedusae in the waters

of Texas and Mississippi, respectively. Burke (1975) noted

the occurrence of ten species of Scyphozoa in Mississippi

waters.

Sanders and Sanders (1963) in proposing a new sub-

species of Pelagia noctiluca provided pertinent morpho-
metries on this oceanic medusa which is, under certain

weather conditions, fairly common along the northern Gulf

coast. Menzel (1971) in a third edition checklist related the

occurrence of five species of scyphozoan medusae and the

siphonophore Physalia physalis in the waters of Apalachee

Bay and St. George Sound, Florida. Christmas (1973)
discussed three species of scyphomedusae known to occur

within Mississippi Sound. Phillips ct al. (1969) elaborated

*This study was conducted in cooperation with the Department
of Commerce, NOAA, National Marine Fisheries Service, under Public

Law 89-720, Project No. JF-2-8.

on the ecological role of certain species of Mississippi

medusae, and felt that the trophic impact of some of the

larger forms must be considerable.

AREA DESCRIPTION

Mississippi Sound is a shallow, elongate body of water,

extending from Lake Borgne, Louisiana on the west, to

Mobile Bay, Alabama on the east. It is bounded to the

south by a series of five low, sand barrier islands. Six

passes, three of which are maintained for purposes of navi-

gation, connect the Sound with the open Gulf of Mexico.

Coastal sections of three states, Louisiana, Mississippi and

Alabama, constitute the northern boundary of the Sound.

Fresh water drains into Mississippi Sound via four major

watersheds: the Pearl River drainage, St. Louis and Biloxi

Bays, and the East and Wesl Pascagoula Rivers. Further

influxes of fresh water are derived from the Lake Pontchar-

train-Lake Borgne area and from the Mobile Bay complex.

Since Mississippi Sound is essentially a shallow lagoon

traversed by deeper passes and drowned river valleys, vertical,

areal and seasonal variations in salinity are occasionally ex-

treme. Further, because of Mississippi Sound’s temperate

location, shallow discolored waters, seasonally changeable

wind patterns and inconstant cycles of river discharge, water

temperature represents a variable physical parameter.

The sub-tidal bottoms of Mississippi Sound for the most

part are soft, sticky muds. Sandy substrata are found adja-

cent to the barrier islands to the south, and along the man-

made sand beaches of the Mississippi mainland. Solid sub-

strata are scarce and are limited to viable oyster reefs,

scattered dead valves, debris and man-made structures.

SAMPLING TECHNIQUES

To determine the macrocoelenterate communities indig-

enous to the barrier islands of Mississippi Sound, monthly

trawling routines along the north and south shores of each

island were initiated in April 1971 and terminated in June

1973.

The standard otter trawls utilized for such efforts were

16-ft wide semi-balloons made of 1-inch stretch-mesh nylon.

Trawls were dragged at each station for 30 minutes at an ap-

proximate speed of 3 knots. All macrocoelenterates collected
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in trawls were preserved in 5% formalin-seawater solutions

and were taken to the laboratory for identification, counts

and measurement. Additional coelenterate specimens were

frequently collected with dip-nets.

Concurrent with the monthly trawl hauls executed along

the shores of each barrier island, visual surveys were con-

ducted by walking and collecting all stranded jellyfish speci-

mens along the mile of shoreline adjacent to the trawling

sites. These specimens were preserved and taken to the

laboratory where* if decomposition did not preclude iden-

tification, measurements and counts were made.

Since earlier sampling programs had indicated that the

cnidaria of Mississippi Sound were recruited from the Gulf

of Mexico, efforts were made to quantitate the induction

of such forms, as larvae, i.e., ephyrae or early postephyrae.

Hence monthly samples were taken from the passes between

the barrier islands off the Mississippi and Alabama coasts

with 12-inch Clarke-Bumpus bottom plankton samplers

equipped with 500-micron netting. Monthly hauls at each

site were of an hour’s duration and in most cases sampled

the entire width of the pass. The samples obtained were

carefully examined for ephyrae in the field and were main-

tained live for microscopic examination in the laboratory.

Following meticulous examination, all plankton samples

were preserved in 10% formalin-seawater and 48-hour settle

volumes were determined.

After August 1971
,
monthly surface and bottom plankton

samples and bottom trawl samples were collected from

various bays along the mainland to monitor coelenterate

production and infestations deep within the estuary.

Sites were selected in St. Louis Bay, Bay of Biloxi, East

and West Pascagoula River systems, and Grant’s Pass (Pass

aux Herons) in Mobile Bay, Alabama. Bottom plankton

sampling and bottom trawl sampling were conducted in

fashions identical to those detailed for the original sampling

sites. Surface plankton sampling was conducted using a

conventional 12-inch surface net equipped with 500-micron

netting.

Since the sampling procedure varied as the program

progressed, the schedule of site visitations and concomi-

tant efforts are indicated in Table 1, and all sampling sites

are indicated in Figure 1

.

Simultaneous with biological sampling at each site, tem-

perature, salinity, dissolved oxygen, pH, and transparency

were determined. Additionally, the tide stage, prevailing

winds, and general weather conditions were recorded. Criti-

cal parameters were ascertained as follows:

(1) Temperature: Surface and/or bottom temperatures

were determined with either standard mercury-filled,

hand-held thermometers or with a Beckman Model RS5-3

salinometer. All readings were recorded to the nearest

0.1°C.

(2) Salinity: Salinity was determined by using refrac-

tometers (A 0 Instrument Company, Models 10402 and

104 19) or a Beckman Model RS5-3 portable electrodeless

induction salinometer. The refractometers were read to

the nearest part per thousand (ppt) while the salinometer

was read to the nearest 0.1 ppt.

(3) Oxygen: Dissolved oxygen concentrations were de-

termined by using either a portable oxygen meter (Yel-

low Springs Instrument Co., Model 54), or the Alsterberg

(Azide) modification of the Winkler titration technique.

(4) pH: Water samples were collected at the site and

level of each biological sampling effort with standard

1 -liter Kemmerer bottles. The samples were subsequently

iced or frozen and transported to the laboratory where

pH was determined with a Corning Model 10 expanded

scale pH meter.

(5) Transparency: Water transparency was estimated by

lowering a standard 30-cm diameter, white Secchi disc

to its extinction point. The results were recorded to the

nearest half foot.

Insofar as bottom type can be properly regarded as a

physical parameter of import in determining the distribu-

tion of the sessile stages of scyphomedusae, a series of

experiments was conducted to ascertain the ability of sessile

stages of noxious coelenterates to develop on substrata

characteristic of Mississippi Sound bottoms.

Figure 1. Coelenterate sampling sites in the northern Gulf of Mexico, April 1971 -June 1973.
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Muds from Mississippi Sound were forced through sieves

of three mesh sizes: 1 mm, 500 p and 250 p. Subsamples

of the resulting four fractions were placed in glass aquaria

containing artificial seawater. Planulae or detached polyps

of the following species: Cyanea capillata versicolor, Chry-

saora quinquecirrha, and Aurelia aurita were placed in small,

all glass aquaria.

Developmental responses of each species maintained on
the various substrata were observed and recorded for periods

of time up to 2 months. Long-term developmental norms
for the three species were determined by maintaining speci-

mens for up to 1 year when attached to oyster shells or to

glass slides.

Since experimentation disclosed the inability of scypho-

zoan polyps to develop on the silt-like material characteristic

of Mississippi bottoms, and field investigations had failed to

demonstrate the presence of these sessile forms on existent

reefs within the Sound, fouling plates were introduced and

artificial reefs were constructed in the areas of higher

salinity waters near each of several of the Gulf passes.

Cleaned oyster shells were strung at 1-foot intervals on

80-lb test monofilament lines. Small anchors were attached

to the lower ends of the strings and the entire assemblies

were held in a near vertical position through the action of

surface floats. Additional shell strings were affixed to aids

to navigation or other appropriate structures in the area.

Such devices were employed in this study as early as June

1971. However, the maintenance of fouling plates in the

island passes proved impracticable because of losses resulting

from the high incidence of commercial trawling, destruction

of navigation aids by barges and other such unwieldy vessels,

or removal or destruction by fishermen or pleasure boaters.

Since no polyps were observed on the fouling plates and

because of the futility of maintaining them, small reefs were

built at stations 4, 9 and 12 in April 1972. Each reef con-

sisted of 1 25 cubic feet of cleansed oyster valves. Samples

were taken by tonging at as close to monthly intervals as

weather permitted and were meticulously examined in the

laboratory for scyphopolyps.

Concurrent with field and laboratory investigations dur-

ing the study period, regular contact was maintained with

the eight general hospitals in the Mississippi coastal area,

and with 14 private physicians in an attempt to monitor

jellyfish-inflicted injuries serious enough to warrant profes-

sional medical attention.

RESULTS

Seven cnidarian species, represented by 5,704 specimens,

were collected in the course of trawling operations during

the study period. An additional 5,696 specimens were col-

lected from the sea wrack along the islands adjacent to the

trawling sites.

The seven species identified, in order of descending

abundance, were:

(1) Stomolophus meleagris L. Agassiz 1862

(2) Crysaora quinquecirrha (Desor 1 848)

(3) Physalia physalis (L)

(4) Pelagia noctiluca Forskal 1775

(5) Aurelia aurita (L)

(6) Chiropsalmus quadrumanus (Muller 1 859)

(7) Rhopilema verrillii (Fewkes 1887)

An appropriate systematic account of the above species

is given in Table 2. Individual records of the more abundant

species are presented in Tables 3—6, inclusive.

INDIVIDUAL ACCOUNTS OF COLLECTED SPECIES

Stomolophus meleagris,
almost always present in Mis-

sissippi Sound in varying numbers, was most abundant

during midwinter^ Specimens were collected which ranged

in size from 3.0 to 380 mm bell diameter, suggesting that a

few of these medusae may survive for longer than I year.

Stomolophus, although not particularly virulent, is oc-

casionally so abundant that is causes difficulties for com-

mercial trawling operations. The records of S. meleagris

collections are presented in Table 3.

Chrysaora quinquecirrha

,

tolerant of wide variations in

salinity, is apparently able to survive only during the warmer

months along the northern Gulf of Mexico. An irritating

stinger, this medusa is most abundant during July and

August, but may be collected from March through November.

Although Crysaora is a bane to swimmers and fishermen,

there were no authenticated accounts of medical treatment

for injuries caused by it in the study area. Records of C.

quinquecirrha collections are shown in Table 4.

Aurelia aurita occurs along the northern Gulf coast during

the colder months of the year as revealed in Table 5. Because

of its seasonal distribution it is rarely encountered by

swimmers and, since Aurelia is not particularly virulent, it

causes no serious problems for commercial fishermen along

the coast.

Chiropsalmus quadrumanus, the most venomous stinger

occurring along the northern coast of the Gulf of Mexico,

TABLE 2.

Systematic account of the macrocoelenterates collected

in Mississippi Sound and adjacent waters,

April 1971 -June 1973.

Phylum: Cnrdaria

Class: Hydrozoa
Order: Siphonophora

Sub-Order: Cystonectae

Family: Physaliidae

Physalia physalis (L)

Gass: Scyphozoa
Order: Cubomedusae

Family; Carybdeidae
Chiropsalmus quadrumanus (Muller 1 859)

Order: Semaeostomeae
Family: Pelagiidae

o
Pelagia noctiluca Forskal 1775
Chrysaora quinquecirrha (Desor 1848)

Family: Ulmaridae

Aurelia aurita (L)

Order: Rhizostomeae
Family: Rhizostomidae

Rhopilema verrillii (Fewkes 1887)

Family; Slomoiophidae
Stomolophus meleagris L. Agassiz 1862
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was collected only during the late summer and fall months.

Apparently, having an affinity for deeper, high-salinity wa-

ters, it was only rarely encountered along mainland shores.

The frequency of occurrence of this animal along the barrier

islands, coupled with the almost complete transparency of

these medusae, suggests that C. quadrumanus could pose a

hazard to unwary swimmers. Collection data concerning

this organism are defined in Table 6.

Physalia physalts, the Portuguese man-of-war, an open

Gulf form, is swept onto the barrier island beaches under

fortuitous combinations of wind and current. During May
1971, 102 specimens were collected at stations 4, 6 and

11; while stations 7, 19, and 23 yielded 1426 specimens

during December of the same year.

During March. April and July 1972, only 59 man-of-war

were found and these occurred at stations 10, 13, 14 and

23.

In 1973 Physalia was observed in March and 17 speci-

mens were collected on the beaches adjacent to station 10.

All specimens of Physalia collected were removed from the

beaches adjacent to the corresponding sampling stations

(Figure 1).

Intact specimens of Physalia do not reach the mainland

beaches because their tentacles are abraded as the animals

drift through the shallow waters of Mississippi Sound.

Pelagia nocliluca, the mauve stinger, is strictly an oceanic

form which occurs in Mississippi Sound only erratically.

When long-term incursions of high-salinity waters into Mis-

sissippi Sound occurred, these medusae were abundant.

Pelagia are incapable of prolonged survival within the estuary

and are usually moribund when encountered there.

During September 1971, one mauve stinger was collected

by trawl at station 11, and a second specimen at station

17. Station 24 yielded 100 specimens to a single 30-minute

trawl haul during November 1972.

A swarm of Pelagia occurred in the northern Gulf of

Mexico in June 1973, with standard trawling yielding a

total of 1123 specimens from stations 3, 7 and 11. The

presence of 82 specimens in a Clarke-Bumpus bottom

plankton sample taken at station 12 (June 1973) demon-
strated the local high density.

Rhopilerrm verrillii is rare along the northern Gulf coast.

This organism is of interest in that, even though innocuous,

it probably achieves the greatest size of any medusae cata-

logued from this area. Only eight viable specimens were col-

lected during this study. During April 1971, trawling yielded

one specimen from station 11 and four from station 14.

Single specimens were collected July 1971 and December

1971, from stations 13 and 12, respectively. The other

live specimen was collected at station 9 in December

1972.

During April 1971, visual surveys of beaches adjacent to

stations 10, 13 and 14 disclosed one, two and four stranded

specimens of Rhopilema, respectively. A single beached

specimen was taken near station 1 1 in May 1971.

In January 1973, single specimens of stranded Rhopilema

were recovered from stations 4 and 6, and two from near

station 7. A single specimen of Rhopilema was found

beached adjacent to station 14 in March 1973.

PLANKTON ANALYSIS

Concurrent with trawling operations, plankton samples

were regularly collected within mainland bay areas and in

the passes between the barrier islands. Microscopic examina-

tion of 224 bottom plankton samples and 1 02 surface plank-

ton samples failed to disclose ephyrae or early postephyrae

of any coelenterate species. The absence of such larval forms

indicates that the cnidarian fauna of Mississippi Sound is

recruited from an offshore population. The schedule fol-

lowed in securing plankton samples is shown in Table 1.

HYDROLOGICAL PARAMETERS

Extreme variations in physical parameters were en-

countered owing to the far-flung nature of the sampling

sites and to the inherently fluctuant character of shallow

sounds.

Temperatures in the study area followed a fairly pre-

dictable seasonal cycle averaging about 12°C during the

winter and reaching a summer average of about 30°C.

Temperature extremes of 8.9°C and 32.6°C were observed

during the study period.

Salinities in the study area ranged from fresh in the

upper bay areas to oceanic in the island passes during

intrusions of Gulf water.

There was a demonstrable suppression of salinity in the

western Sound during the spring and summer of 1973

because of extensive flooding and the concomitant opening

of the Bonnet Carre Spillway in the Mississippi River.

Salinity extremes of 0.0 pp( and 37.0 ppt were encountered

during the study period.

Dissolved oxygen concentrations and pH values generally

fell within a range presumed biologically acceptable. All

critical hydrographic data are shown in Figure 2.

DEVELOPMENTAL STUDIES OF SCYPHOZOA FROM
THE NORTHERN GULF OF MEXICO

Planulae stripped from Rhopilema verrillii and Aurelia

aurita readily produced ephyrae under laboratory conditions.

Planulae of Chrysaora quinquecirrha were not obtainable

either by stripping or by crowding adult medusae into small

volumes of seawater, although such efforts were repeated

throughout the season. However, with the discovery of

polyps and pedal cysts of Chrysaora along the barrier

islands, partial developmental studies for the species were

completed. Experimental studies were continued with polyps

of Cyanea capillata versicolor collected during the winters

of 1968 and 1969. The developmental histories of these

four species are presented in Table 7.

A series of substrate preference studies showed that

none of the above species were capable of developing

normally on particles smaller than 250 ju. Although both

Chrysaora and Aurelia responded to the silt substrate by

secreting a broad, adhesive base, neither survived longer

than 8 weeks.

Conversely, none of the scyphozoan species utilized the
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Figure 2. Surface and bottom temperatures and salinities associated with coelenterate sampling sites along northern Gulf of Mexico, April

1971 -June 1973. O = surface salinity, • = bottom salinity, = surface temperature, 1= bottom temperature. (Page 2 of 2)
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TABLE 7.

Typical developmental patterns of four species of northern Gulf of Mexico scyphozoa.

Species Temperature Salinity Typical Developmental Pattern Time

C. capillata 13°C 20 ppt planula - cyst - polyp - podocyst strobila - ephyrae 9-14 mo.

R. verrillii 13°C 35 ppt planula - polyp — died 6 days

R. Verrillii 1 8°C 35 ppt planula - polyp - strobila - ephyrae and/or podocysts 90 days

R. verrillii 22°C 35 ppt planula - polyp - strobila - ephyrae and/or podocysts 90 days

A. aurita 22°C 35 ppt planula — polyp - strobila - ephyrae 90-120 days

C. quinquecirrha 22°C 30 ppt polyp or podocyst - strobila - ephyrae 8 days

fouling plates or artificial reefs provided in the island passes.

Enigmatically, cysts and polyps of Chrysaora regularly

occur in the deeper concavities of mollusc valves found

in the swash or in the surf along the Gulf side of the

barrier islands. These podocysts are typically found in

the valves of such high-salinity forms as Anadara sp.,

Busycon sp., Oliva sp., and Area sp., suggesting that the

Gulf race of Chrysaora is probably neritic in habit.

MEDICAL INQUIRIES

Of eight general hospitals and 14 practicing physicians

along the coast with whom frequent communication was

made, none reported treatment of patients with jellyfish-

inflicted wounds. Presumably, these data would be accurate

since many of the cooperating physicians proffered accounts

of treating wounds inflicted by salt-water catfish and rays.
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TECHNIQUE FOR ESTIMATING TRAWL EFFICIENCY IN CATCHING BROWN
SHRIMP (PENAEUS AZTECVS ), ATLANTIC CROAKER {MICROPOGON

UNDULATUS) AND SPOT (LEIOSTOMUS XANTHURUS)

HAROLD LOESCH, JAMES BISHOP, ARTHUR CROWE, ROBIN
KUCKYR, AND PAUL WAGNER
Department of Marine Sciences, Louisiana State University

,

Baton Rouge, Louisiana 70803

ABSTRACT Mark-recapture experiments conducted in a small 17.5 ha lake in Barataria Bay, Louisiana, were used to

estimate the efficiency of a 4,9-m (16-foot) otter trawl in capturing brown shrimp, Atlantic croaker, and spot in water

1.5 m deep. The trawl was observed to sweep an area 2.5 m in width. Trawl efficiency was determined to be approximately

one-third to one-half for brown shrimp, one-fourth for Atlantic croaker, and only 6 percent for spot.

INTRODUCTION

The shrimp trawl, often used as a biological tool to

estimate the standing crop of shrimp and slow-swimming

demersal fish, is not 100% efficient. Loesch (1962) estimated

that in Mobile Bay during the months of July, August, and

September, an area equal to 1.1 to 1.7 times the total area

of MobiJe Bay was swept each month by shrimp trawls.

During each of these months more shrimp were landed than

the estimated standing crop in the area at any one time. This

indicates that the shrimp trawl is inefficient at capturing

shrimp, that shrimp grow at an extremely fast rate during

these periods, or that both of these contributed to this

observation.

No study with which we are familiar effectively quantifies

the efficiency of a type of collecting gear for capturing a

given species. Watson (1976 in press) found that electrical

trawl efficiency on burrowed brown and pink shrimp varied

from 35% with one net having a small electrical field to 54%
with another net having a larger electrical field. Each net

was within 5% of its estimated efficiency as predicted from
laboratory experiments. Seidel (1972) estimated that work-

ing shrimp boats caught approximately one-fourth to one-

half of the shrimp in the area covered. Gear efficiency

probably varies not only for each species but also for dif-

ferent length classes within each species and with the design

of the gear, the method used, the water temperature, the

tidal stage and time of day, the behavior of the organism,

the turbidity of the water, the bottom type, etc. (see Ko et

al. 1 970 for a discussion of shrimp behavior near a moving

net). While the gear efficiency estimates in this study are

pertinent only to the area and the conditions of the study,

they may be applied to similar physical environments.

This study estimates the trawl efficiency for two species

of fish, Micropogon undulatus and Leiostomus xanthurus
,

and one species of shrimp, Penaeus azrecus. Trawl locations

are given in Figure 1. Water depth ranged from 1 to 1.5 m
over a muddy bottom during the period of maximum
utilization of the estuaries by juveniles of these species

(May 1971, May 1972).

Gear efficiency is defined as the percentage of the

organism in the test area (path of the trawl) captured by

the gear being used.

METHODS

Laboratory Experiments

Short-term, mass fish-marking experiments have been

conducted successfully by the use of compressed air and

fluorescent pigments (Jackson 1959; Phinney el al. 1967).

Benton and Lightner (1972) used similar techniques and

found a 5% mortality after blasting them at 240 pounds per

square inch (psi). Preliminary laboratory experiments were

conducted to ascertain the optimum pigment-application

pressure and the retention time of the imbedded particles.

Initially, we marked penaeid shrimp and croaker with fluo-

rescent pigment using 80, 100, and 120 psi pressure from

an unmodified paint spraygun. The dry granular pigment

was obtained from Wildlife Supply Company 1
of Saginaw,

Michigan and was sandblasted into the test organisms. Eight

penaeid shrimp were marked at each test pressure and

placed in separate aquaria for observation. Controls con-

sisted of 24 shrimp, handled in a similar manner except for

spraying, that were divided equally among three aquaria.

After 2 days no fluorescent granules were observed on the

fish or shrimp when irradiated with UV light. Because

there was some clogging of the spray apparatus, the intake

stem of the aspirator was removed for subsequent marking.

Shrimp were next sprayed at 115, 135, and 155 psi; all

retained some detectable fluorescent pigment after 3 days.

These results were not considered suitable for field studies,

so higher application pressures were tested. One shrimp

sprayed at 135 psi molted after the pigment application,

but retained the fluorescent dye for al least 3 days after

molting. Apparently the dye granules were “sandblasted”

1 Wildlife Supply Co., Saginaw, Michigan, produces a specially

designed air blast gun for marking.

29
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Figure 1. Airplane Lake, Louisiana, and trawl stations for 1972.

through the exoskeleton into the flesh of this individual.

Benton and Lightner (1972) stated that pigment granules

were located in the exoskeleton, in the paired appendages

and tissues of test animals. Many shrimp retained this mark
for 2 months while undergoing several molts.

To conserve air and to obtain a more uniform applica-

tion of dye, a double stage regulator was used for the

remaining test pressures (earlier experiments employed a

single-stage regulator). Eight shrimp were marked at 165,

eight at 200, and eight at 245 psi. One day later, all of the

shrimp sprayed at 245 psi were dead; three that were sprayed

at 200 psi had molted, and one of the 200-psi shrimp had

disappeared (presumably cannibalized). Six days later all

live 200-psi test shrimp were sacrificed; all had retained

their marks. In another trial, pigment was applied to ten

shrimp at 215 and then at 230 psi; about half the shrimp

died within hours. Thus, it was decided to apply the pig-

ment at 200 psi. Similar experiments revealed that an

application pressure of 150 psi was optimum for marking

spot and croaker.

During 1971, 100 shrimp caught near Airplane Lake,

Louisiana, on May 13 were marked and kept in 75-liter

containers as controls. The containers were new plastic

garbage pails that had been aged in seawater. While being

held at Grand Isle, Louisiana, the four containers of shrimp

were aerated with a Silent Giant aquarium aerator; four

battery-powered aerators were used during the trip to Baton

Rouge. On May 14, ten shrimp were examined and nine had

retained their mark. On May 15, 10 more were examined,

all of which had their mark. The marked shrimp were then

transported to Baton Rouge for further observation; how-

ever, most of the shrimp died en route. During the same

period, 101 unmarked shrimp were also kept, most of

which also died en route to Baton Rouge. The method of

control proved faulty in that live shrimp were sacrificed; no

record could be made of shrimp that moiled and were

cannibalized.

Field Experiments

The inner lobe of Airplane Lake, a small 17.5 ha marsh

pond in the Barataria Bay area of Louisiana, was sampled to

estimate the populations of the subject species. A sample of

the population of each species was obtained by trawl capture
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in 12 parallel, 200-m drags. Stakes were placed to designate

capture and release sites and to mark each trawl area.

Trawling began on one side of the lake and progressed

systematically across the lake in order to avoid trawling in

previously sampled areas (see Figure 1). Nine and one-half

and 12 200-m tows were made in 1971 and 1972, respec-

tively. Sampling began at 0700, and each drag lasted approxi-

mately 3 minutes.

Live animals in a small dip net were held in the air about

1/2 m from the nozzle of the spray gun and marked. The
spraying procedure lasted approximately 30 seconds. Benton

(personal communication) said about spraying, “A trough

was constructed with plastic webbing. Shrimp were placed

in the trough, and the trough was agitated during spraying

so that the shrimp were more evenly covered. The spraying

procedure was completed in about 10 seconds.” After the

animals were marked, they were put in water-filled, plastic

garbage cans and observed for a short period. Animals

showing no sign of injury were released in the same area

from which they were captured.

The recapture method consisted of making parallel, 200-

m drags, covering the distance in 3 minutes. Twelve drags

were made daily for 7 days. A 16-foot Boston Whaler with

an 80-hp Mercury outboard motor was used to tow the

trawl. Because it is a cul-de-sac, the lake is not affected by

tidal currents. Shrimp, croakers, and spot were separated

from the rest of the catch and transported to the field

station near Grand Isle, a 15-minute boat ride. They were

examined on a tray under ultraviolet light in a specially

built darkbox. Each shrimp could be individually handled

under the light to separate the marked from the unmarked.

The population Aof each species was calculated using the

Peterson method, P = m(u + r)/r (Robson and Regier 1971)

where P is the total number of shrimp (or fish) in the popula-

tion, m the number of marked shrimp in the population, u

the number of unmarked shrimp captured in the sample,

and r the number of marked shrimp recaptured in the

sample. P is the estimate of P. This estimate, was assumed to

be a measure of true population in the lake.

Another estimate based on the swept area of the trawl

was derived by the proportion method. Because a 4.9-m

(16-foot) trawl does not sweep an area 4.9 m wide, the net’s

true opening had to be ascertained. First, the distance

between floats attached to the trawl boards while trawling

was measured by observers in the water. Second, various

lengths of twine were tied to the boards. (Twine shorter

than the width of the net opening broke, while twine longer

than the width did not.) Third, the net opening was measured

by a person swimming beside the boards as the net was

towed. The average of all computing methods was 2.5 m.

Twenty-two measurements were obtained and varied from

1.5 to 3.0 m.

Stakes 100 m apart marked the trawl route and 200 m
were covered per sample. Thus each haul swept 500 m2 of

the lake bottom. In 12 such hauls the trawl covered 6,000 m2

of the lake bottom, sampling almost one-tenth of the total

of 62,480 m 2
in the inner lobe of the lake. If the trawl is

assumed to be 100% efficient and the distribution of the

species uniform, then the total population of the species may
be calculated. For instance, 695 spot were captured in this

swept area on the first day, consequently we estimated that

there were 7,237 spot in the entire inner lobe of the lake.

6,000 m 2 695— =
; x = 7,237

62,480 m2 x

To determine distribution of shrimp over the lake bot-

tom, an analysis of variance (Table 1) in a random block

design was computed on the total 1972 shrimp catch data

(Table 2) for each 200-m drag. Blocking removed any

differences among days. Shrimp were significantly more
abundant near the shore (stations 1 and 12, which are

within 10 m of the shoreline), but no differences in density

were found among stations 2—11, Because all areas of the

lake were sampled equally (Figure 1) and each day’s

sampling covered the same areas, we feel that the greater

densities nearshore do not affect the trawl-efficiency esti-

mate.

Only 423 shrimp were marked in 1972 (as compared to

1,522 in 1971), apparently because fewer shrimp were

TABLE 1.

Analysis of Variance of 1972 Shrimp Catch

(Data from the 12 Trawl Stations)

Source df

Mean
Square F

Days 3 18,631 26.6**

Trawls 11 2,297 3.2**

Trawls 1 and 12 vs 2-1

1

1 19,729 28.2**

Trawls 2-6 vs 7-11 1 1,988 2.8

Error 33 699

Significant at 0.01 level

TABLE 2.

Shrimp catch data 1972 (no. of shrimp)

Date 1 2 3 4 5 6 7 8 9 10 11 12

22 May 33 19 18 53 33 46 45 25 08 15 65 63

23 May 182 105 113 110 102 74 89 96 70 87 88 138

24 May 127 98 126 113 83 100 84 95 76 92 108 237

25 May 185 127 129 166 120 94 134 117 107 103 43 140

TOTAL 527 349 386 442 338 314 352 333 261 297 304 578
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present on the day that they were being collected for

marking than on subsequent days.

Each day the mark-recapture and swept-area estimates

were calculated. The efficiency of the trawl was estimated

by dividing the swept-area estimate by the mark-recapture

estimate.

On May 16 the estimate of shrimp population using the

swept area method was 34,423 and using the population

mark-recapture method was 86,588; therefore the estimated

trawl efficiency was 34,432/86,588 = 39.8%.

RESULTS AND DISCUSSION

Atlantic Croaker and Spot

Trawl efficiency was calculated for the Atlantic croaker

in 1971 and for the spot in 1972 (Table 3). The percent effi-

ciency is an estimate of the percentage of croaker and spot

which the trawl captures from the total population calculated

to be present in the area swept by the trawl.

The mark-recapture population estimate and the swept-

area population estimate would be equal if the trawl were

100% efficient. But if the estimate derived from the swept

area is only one-fourth that derived from mark-recapture,

and if the mark-recapture estimate is assumed to be the true

population, then we can conclude that for the test species

and test conditions the trawl is 25% efficient.

It appears that the trawl is more efficient for capturing

croaker than it is for spot. This could be related to the

differing ecological niches of these two species. The croaker

feeds on, and remains close to, the bottom most of the time

while the spot is usually found at moderate depths (Nelson

1969). Because the trawl fishes approximately the bottom
meter of the water column, the croaker is more vulnerable

to capture than the spot. Also, the spot may more success-

fully avoid the trawl than the croaker.

We estimated that the trawl captured 26% of the croakers

and about 6.5% of the spot in the area fished, under condi-

tions that existed at the time (Table 3). Only one sample

was utilized for croaker because of the paucity of recaptures

in samples on subsequent days. The three estimates for spot

show some variation in the estimated efficiency (Table 3).

Shrimp

Only the first day or two of shrimp recaptures in 1971

can be used in claculations (unless corrections are made)

because on each successive day the number of marked-

recaptured shrimp dropped drastically, causing the popula-

tion estimate from the mark-recapture to increase rapidly

(Table 4), while the population estimate from the swept

area remained fairly constant. If the population estimate

from the swept area remains constant, one would expect

the same consistency among the marked-recaptured shrimp,

unless the shrimp were losing their marks, or were being

selectively eliminated from the overall population either by

differential rate of mortality, by migration, or by shedding

of the mark. It is suspected that shrimp were losing their

marks at the rate of about 15% per day.

The estimated population of brown shrimp (Table 4) in

the swept area varied only from 34,423 to 30,714 on May
14, 15, and 18, but the number estimated from mark-

recaptures increased sharply from 86,588 to 146,496. Based

on these figures, the efficiency of the 4.9-m trawl, which

opened to 2.5 m wide while fishing, varied from 40% to

21%. We assume that the data of the first two days are the

most reliable, and that the trawl was about one-third effi-

cient for brown shrimp under these conditions.

Estimated population in the swept area during May 1972

varied from about 13,000 to 1 5,000 (about half that of May
1971); it increased slowly during the sampling time. The

percent efficiency of the trawl varied from about 27% to

13% in 1972. Because the population from the swept area

remained fairly constant, while the number of marked

shrimp recaptured decreased with time during the two suc-

cessive years, it might be assumed that something was

happening to the marked shrimp. Most control shrimp in

earlier experiments retained their marks, but they were not

exposed to predation, except cannibalism.

When the shrimp population as calculated by the swept

area method consistently decreases while the population as

calculated by the mark-recapture method increases rapidly

(Table 4), then some of the marked shrimp are disappearing

from the population in the lake. Although trawl efficiency

is expected to remain constant, calculation using these data

suggests that it decreased from 39.8% to 8.4% in 10 days of

sampling (Table 4).

We presumed that the trawl efficiency would not vary

consistently (becoming less efficient each day) as was in-

dicated by using the data that assumed no marks were lost

(Table 4). We then calculated an estimated 10% mark loss

TABLE 3.

Population Estimates and Percent Efficiency of Trawl from Mark-Recapture

Species Date

Number
Marked
At Large

Number
Marked

Recaptured

Number
Unmarked
Captured

Swept
Area

(m 2
)

Swept Area

Estimate

No. Fish

Mark-Recapture

Estimate

No. Fish

Trawl

Efficiency

(%)

Atlantic Croaker 13 May 1971 149
Atlantic Croaker 14 May 1971 3 156 4750 2065 7,798 26.5

Spot 22 May 1972 695

Spot 23 May 1972 695 6 715 6000 7237 83,516 9.0

Spot 24 May 1972 689 3 498 6000 5217 115,063 4.5

Spot 25 May 1972 689 4 404 6000 4249 69,972 6.1
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TABLE 4.

Population Estimates and Percent Efficiency of Trawl from
Mark-Recapture of Brown Shrimp, Penaeus aztecus

If 10% Marked [f 15% Marked
Lost Each Day Lost Each Day

Number Number Number Number Number

Date

Marked
at Large

(m)

Marked
Recap t.

(r)

Unmarked
Captured

(u)

Swept
Area

(m2
)

Pop.

Swept
Area

Pop.

Mark-

Recapt.

% Trawl

Effi-

ciency

Marked
ai Large

(m)

Pop.

Mark-

Recapt.

% l'rawl

Effi-

ciency

Marked

at Large

(m)

Pop.

Mark-

Recapt.

% Trawl

Effi-

ciency

1971
14 May 1522 46 2571 4750 34,423 86,588 39.8 1370 77,941 42.8 1294 73,617 46.7

15 May 1476 33 2446 4750 32,608 110,879 29.4 1192 89,544 36.4 1061 79,704 40.9

18 May 1443 23 2312 4750 30,714 146,496 21.0 845 85,786 35.8 632 64,162 47.9

19 May 1420 14 1804 4750 23,913 184,397 13.0 740 96,094 24.9 518 67,266 35.5

24 May 1406 9 1376 4750 18,218 216,368 8.4 434 66,788 27.3 224 34,446 52.9

1972
23 May 423 11 1243 6000 12,996

13,943

47,799 27.2 381 43,326 30.0 360 37,571 34.6

24 May 412 5 1334 6000 110,334 12.6 333 89,177 15.6 297 79,537 17.5

25 May 407 6 1459 6000 15,256 106,159 14.4 295 72,029 21.2 248 60,553 25.2

13 May 1971 — 1522 shrimp marked
22 May 1972 — 423 shrimp marked

per day (Table 4) and found that estimated trawl efficiency

still decreased daily. Presuming that a greater loss of marks

must be occurring, we calculated the estimated trawl effi-

ciency assuming a 15% mark loss. When a daily loss of

marked shrimp was calculated, the percent trawl efficiency

for 1971 varied (not regularly) from 36% to 53% with an

average of 44.8% (Table 4). Using these data it seems that

the shrimp trawl we used was from one-third to one-half

efficient under the conditions that existed. Population esti-

mates of brown shrimp in subdelta Louisiana estuarine areas

based on sampling with a 4.9-m trawl should incorporate

this one-third to one-half efficiency estimate.

With refinements, we believe this method can be used to

estimate the true population of aquatic animals present in

an area at any given time. This study was designed to deter-

mine approximate trawl efficiencies for shrimp, croakers,

and spot in the area. Similar procedures for other species in

different habitats at other times of the year would be ex-

pected to yield different gear efficiencies. A larger trawl and

increased turbidity may improve gear efficiency. We do

believe that the method holds some promise for determin-

ing the percentage of fish a particular gear captures.

CONCLUSIONS

One important point emerges from these results, i.e., the

4.9-m otter trawl is much less than 100% efficient. It

captured approximately 26% of the croakers, 6% of the

spot, and 30—50% of the brown shrimp from the study

area. These species are probably more susceptible to capture

than are most others because they are slow-moving demersal

forms. Biomass estimates based on swept area using trawl

data are therefore minimal and a conversion factor must be

applied before estimating the true standing crop.
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A BIBLIOGRAPHY OF ANOMALIES OF FISHES:

SUPPLEMENT 3

C. E. DAWSON AND ELIZABETH HEAL
Gulf Coast Research Laboratory, Ocean Springs, Mississippi 39564

ABSTRACT This third supplement adds 158 titles to “A Bibliography of Anomalies of Fishes,” which was originally

published in this journal in 1964; the first supplement followed in 1966 and the second supplement, in 1971. Citations

now total 1498 in the series.

This listing adds 158 titles to those of the original bib-

liography and previous supplements [Gulf Res. Repts. 1(6),

1 964; ibid. 2(2): 1 69- 1 76, 1 966; ibid . 3(2): 2 1 5-239, 1 97
1 ].

Of these, 124 were published during the 1970-75 period.

A total of 1498 citations are now included in this series.

As in previous supplements, titles are serially numbered

and prefixed by the letter “S”; the prefix is omitted from

index listings. Corrections to be made in previous sections

are indicated under Corrigenda.

We wish to express our continued appreciation to col-

leagues providing reprints of their papers or otherwise con-

tributing to this project.

BIBLIOGRAPHY

S-305 Abe, T. 1972. On a cyclopic embryo of the blue

shark. UO 9(9): 1—3, 4 figs.

S-306 1972a. An example of xanthochroism in S-317

Paralichthys olivaceus (Temminck and Schlegcl)

(Bothidae, Pleuronectiformcs). UO 12:1—2, fig.

S-307 1972b. A hermaphroditic chum salmon S-318

from northern Japan. UO 13:1 -2, fig.

S-308 1972c. A partially albinistic specimen of

Limanda yokohamae (Gunther). UO 1 4: 1 -2, fig. S-3 1

9

S-309 Agrawal, V. P. & Km. Shalini Raj. 1968. Ab-

normalities in the ovary ofMastucembelus arma-

tus. Nat . Acad. ScL
,
India, Ann. Number 1967: S-320

136.

S-3 10 Amoaka, K., S. Nishikawa & N. Tanaka. 1974.

Sexual dimorphism and an abnormal intersexual S-321

specimen in the bothid flounder Bothus panther-

inus. Jap. J. Ichthyol. 21(1): 16-20.

S-311 Anderson, W. D., Jr. 1972, Notes on western At-

lantic lutjanid fishes of the genera Pristipomoides

and Etelis. Copeia 1972(2):359 361. S-322

S-3 12 Anon. 1969. Albinism in rainbow trout. Progr.

Fish Cult. 31(1):61.

S-3 1 3 Austin, H. M. & C. R. Hickey, Jr. 1973. Spinal

curvature in the Atlantic silversides, Menidia S-323

menidia (Linnaeus), and the Atlantic menhaden,

Brevoortia tyrannies (Latrobe). Chesapeake Sci.

14(2): 146 147, 2 figs.

S-314 Babu Rao, M. 1975. An abnormal specimen of S-324

Thryssa malabaricus (Bloch) (Pisces: Engraulidae)

without pelvic fins. Cun. ScL 44(9):313.

S-3 15 & N. K. Sinha. 1968. On an abnormal S-325

specimen of Dendrophysa hooghliensis Sinha and

Babu Rao (Sciaenidae; Pisces) with three anal

spines. J. Mar. biol. /tss. India 10(1969): 174—

175, fig. S-326

S-3 16 Bahamonde N., N. & C. Canino A. 1953. Un

ejemplar de Calliclinus geniguttatus (Valencien-

nes). Invest. Zool. Chilenas 2(1): 11 — 13, 2 figs.

Baxter, J. L. 1954. A kelp bass, Paralabrax clath-

ratus (Girard), with abnormal fins. Calif Fish

Game 40(l):78-79.

Behnke, R. J. & T. M. Kloppel. 1975. An expres-

sion of unequal twinning in an adult rainbow

trout. Copeia 1975(4): 775-777.

Bensam, P. 1968. Further instances of gonad ial

peculiarities in Sardinella longiceps Valenciennes.

J. Mar. biol. Ass. India 10(1): 172-174.

Berland, B. 1971. Piggha og lundefugl medgum-
mistrikk. (Dogfish and puffin with rubber bands).

Fauna, Oslo 24:35—37, fig.

Bohlke, J. E. & J. E. McCosker. 1975, The status

of the ophichthid eel genera Caecula Vahl and

Sphagebranchus Bloch, and the description of a

new genus and species from fresh waters in Brazil.

Proc. Acad. Nat. Sci. Phila. 127(1): 1-1 1 , 7 figs.

Bortone,S.A. 1971. Pugheadedness in the vermilion

snapper, Rhomboplites aurorubens, in the north-

ern Gulf of Mexico. Trans. Amer. Fish. Soc.

197l(2):366—368, 2 figs.

1972. Pugheadedness in the pirate perch,

Aphredoderus sayanus (Pisces: Aphredoderidae),

with implications on feeding. Chesapeake Sci.

13(3): 23 1-232, fig.

Bream, R. A. & E. L, King, Jr. 1971. Albinism in

lampreys in the upper Great Lakes. Copeia

1971(1): 176—179.

Brunei, P. 1 97 1 .Deux cas d’ambicoloration partielle

chez la plie, Hippoglossoides platessoides (Pisces,

Heterosomata) dans le golfe du Saint-Laurent.

Naturaliste can. 98:937-939, fig.

Buchanan, J. P. & H. E. Bryant. 1973. The occur-

rence of a predorsal stripe in the black crappie,

35



36

Pomoxis nigromaculatus. J. Ala. Acad. Sci. 44(4):

293-297, 3 figs.

S-327 Bucke, D. J 974. Vertebral abnormalities in com-

mon bream Abramis brama (L.). J. Fish. Biol.

6(5): 681 --682.

S-328 Burgess, G. H. & F. J. Schwartz. 1975. Anomalies

encountered in freshwater and marine Fishes from

the eastern United States. ASB Bull. 22(2): 44.

S-329 Cavicchioli, G, 1971. Forme tcratologische nei

pcsci: due casi di gemelli siamesi in Xiphophorus

(Platypoecilus) maculatus Gunther (Teleostei:

Poeciliidae). Ann. Univ. Ferrara. N.S. 3(7):63-
68, 2 figs.

S-330 Chabanaud, P. 1929. Remarques sur divers poissons

de la famille des Syngnathidae et description de

deux especes nouvelles de l’lnde Archipelagique.

Bull Soc. Zool. Fr. 54:165-172, 5 figs.

S-331 Chew, R. L. 1973. Pugheadedness in the Florida

largemouth bass Micrapterus salmoides floridanus

(Lesueur). Quart. J. Fla. Acad. Sci. 36(2-4):

201-204.

S-332 Coad, B. W. 1974. Vertebral frequencies with notes

on anomalies in samples of threespine stickle-

backs ( Gasterosteus aculcatus L.). Canad. Fid.

Nat. 88(2): 220—223.
S-333 , P. J. Rubcc & S. U. Qadri. 1974. De-

formed vertebral columns in the brown bullhead,

Ictalurus nebulosus (Lesueur), from the Ottawa

River. Canad. Fid. Nat. 88(2): 224-226.
S-334 Cohen, D. M. & S. P. Atsaides. 1969. Additions to

a revision of argentinine fishes. Fish. Bull, U. S.

68(1): 13-36, 14 figs.

S-335 Cohen, J. L. 1973. An albino grey smoothhound
Mustelus californicus Gill. Calif. Fish Game 59(3):

210-211 .

S-336 Dahlberg, M. D. 1 970. A completely reversed black-

cheek tonguelhh, Symphurus plagiusa, from Dup-
lin River,Georgia. Chesapeake Sci. 11(4):260—261

.

S-337 Dawson, C. E, 1 974. A review of the Mici odesmidae

(Pisces: Gobioidea). 1. Cerdale and Clarkichthys

with descriptions of three new species. Copeia

1 974(2):409—448, 24 figs.

S-338 Demory, R. L. 1972. Tailless dover sole from off

the Oregon coast. Calif Fish Game 58(2): 147—

148, fig.

S-339 Dorairaj, K. 1973. Hermaphroditism in the thread-

fin fish, Polynemus microstoma Bleeker. Indian

J. Fish. 20(l):256-269.

S-340 Duncker, G. 1904. Die fische der malayischen

Halbinsel. Mitt Naturh. Mus., Hamburg 21(1 903):

135—207, 2 pi.

S-341 Forrester, C. R. 1969. Sinistrality in Platichthys

stellatus off British Columbia. J. Fish. Res. Bd.

Canada 26: 191 — 196.

S-342 & M. S. Smith. 1971. Ambicoloration in

a petrale sole (Eopsetia Jordani). J. Fish. Res.

Bd. Canada 28(10): 1672-1674.

S-343 Gandolfi, G., E. Caronna & P. Orsini. 1969.

Ermafroditismo in Mugil saliens Risso (Pisces,

Mugilidae). Boll Pesca Piscic. Indrobiol. 24:61 —

70, 1 pi., 3 figs.

Gannon, J. E. & R. P. Howmiller, 1973. Ecological

notes on paddlctish (Polyodon spathula) with

short rostrums. Mich. Acad. 6(2):217—222.
Godoy, M. P. 1971. Um caso de hermafrodistimo

em piava Leporinus copelandii Steindachner, 1 87 5

(Pisces, Anostomidae, Heterognathi). Rev. bras.

Biol. 31(1): 107-1 11.

Gopolan, U. K. 1971. On two abnormal sharks

from Gujarat. J. Bombay nat. Hist. Soc. 68:

465-476, fig.

Gordon, M. 1972. Mortality of albino embryo and

aberrant Mendelian ratios in certain broods of

Xiphophorus hellerii. Zoologica, N. Y. 27:73—74.

Greenfield, D. W., S. T. Ross & G. D. Deckert.

1 970. Some aspects of the life history of the Santa

Ana sucker, Catostomus (Pantosteus) santaanae

(Snyder). Calif. Fish Game 56:166—179, 8 figs.

Grinstead, B. G. 19-71. Effects of pugheadedness

on growth and survival of striped bass, Morone

s0X<zfi/js(Walbaum), introduced into Canton Res-

ervoir, Oklahoma. Proc. Okla. Acad. Sci. 51:8-

12, 4 figs.

Gupta, M. V. 1969. Abnormalities in pelvic fins

and girdles of Fleutheronema tetradactylum

Shaw. Sci. & Cult. 35(2):70-7 1
, 3 figs.

Gupta, T. R. C. 1973. Intestinal abnormality in the

ribbon fish, Trichiurus lepturus Linnaeus. Indian

J. Fish. 20(1):233,

Haaker, P. L. 1972. First record of a reversed butter

sole, Isopsetta isolepis . Calif. Fish Game 58(3):

244-245.

1973. Ambicoloration in some California

flatfishes. Calif. Fish Game 59(4):299-304, 5

figs.

& E. D. Lane. 1973. Frequencies of

anomalies in a bo (hid, Paralichthys californicus

and a pleuronectid, Hypopsetta guitulata, fiat-

fish. Copeia 1973(1):22—25, 3 figs.

Haider, S. & A. G, Sathyanesan. 1973. An instance

of abnormal disposition of pituitary components

in the teleost.ft/n/h« sophore (Ham.). Anat. Anz.

1 33(1 /2):68—72.

S-356 Halliday, R. G. 1969. Distribution and regional

variation of Argentina sphyraena (Pisces: Iso-

spondyli). J. Mar. biol ylss. V. K. 49(1): 189-

208, 4 figs.

S-357 Hambrick, P. S., W. T. Bryson & C. H. Hocutt.

1974. New anomalies in three cyprinid genera

from southwest Virginia. Trans. Amer. Fish, Soc.

103(3): 642.

S-358 Hauser, W. J. 1975. A hermaphroditic mountain

sucker Catostomus platyrhynchus. Copeia 1975

(4): 775.

S-359 Hettler,W.F., Jr. 1 97 1. A yellowlin menhaden with-

out pelvic fins. Quart. J. Fla. Acad. Sci. 34:63—66.

S-360 1972. An anomalous Sphyraena barra-

cuda. Chesapeake Sci. 13(4): 326, figs.

Dawson and Heal

S-344

S-345

S-346

S-347

S-348

S-349

S-350

S-351

S-352

S-353

S-354

S-355



A Bibliography of Anomalies of Fishes 37

S-361 Hickey, C. R., Jr. 1972. Common abnormalities in S-378

Fishes, their causes and effects. Tech. Rep. N. Y.

Ocean Sci. Lab. 0013, 1 20, 5 Figs.

S-362 1974. Fish deformities in Long Island S-379

waters. Underw. Nat. 8(4):26-27, 2 pi. S-380

S-363 & R. A. Amish. 1975. Stunted growth of

a jawless striped bass, Morone saxatilis. Trans.

Amer. Fish. Soc. 104{2):410-4I2, 3 figs.

S-364 & H. M. Austin. 1974. Pugheadedness in

the bluefish, N. Y. Fish Game J. 21(2): 1 88- 1 89, S-381

2 figs.

S-365 Holder, D. R. & J. S. Ramsey. 1972, A case of

albinism in the tadpole madtom, Noturus gyrinus. S-382

Trans. Amer. Fish. Soc. 101(3):567.

S-366 Honma, Y. 1968. Teratological observations on

Acheilognathus species and hybrids (Cyprinidae).

III. Uncommon deformities in eight adult sped- S-383

mens of bitterling. Trans. Roy. Soc. S. Afr. 38(1):

39-44.

S-367 & 1. Ikeda. 1971. A pug-headed specimen S-384

of black porgy, Acanthopagrus schlegeli, from

the river-mouth of Asa-kawa, Shikoku. Jap. J.

Ichthyol. 18(4): 36—38, 3 figs.

S-368 & C. Sugihara. 1 971 . A stingray, Dasyatis

akajei, with aberrant pectoral fins from the Japan S-385

Sea.Jap. J. Ichthyol. 18(4): 187 -189.

S-369 James, P. S. & M. Badrudecn. 1969. On certain

anomalies in the Fishes of the family Leiognathi-

dae. J. Mar. biol. Ass. India 10(1): 107-1 13, 14 S-386

Figs.

S-370 Jenkins, T.M. 1969. Observations on color changes

of brown and rainbow trout (Salmo trutta and

S. gairdneri) in stream habitats, with description S-387

of an unusual color pattern in brown trout.

Trans. Amer. Fish. Soc. 98:517-5 19, 1 pi.

S-371 Kalymamurthy, M. 1970. On the regeneration of

caudal fin in Gerres limbatus Cuvier from Pulicat S-388

Lake. J. inland Fish. Soc. India, Barrackpore 1

:

137:138.

S-372 Kroger, R. L. & J. F. Guthrie. 1971. Incidence of S-389

crooked vertebral columns in juvenile Atlantic

menhaden, Brevoortia tvrannus. Chesapeake Sci. S-390

12(4):276-278.

S-373 1973. Additional anomalous menhaden
and other Fishes. Chesapeake Sci. 14(2): 112- S-391

116, 10 figs.

S-374 Lamont, J. M. 1961. Fish with rubber bands.

Scottish Fish. Bull. 15: 17—18, 2 pis. S-392

S-375 Lazarus, S. 1974. On some gonadial abnormalities

in Sardinella dayi Regan, S. clupeoides (Bleeker)

and S. sirm (Walbaum)- J. Mar. biol. Ass. India

1 5( 1 ): 442 444, fig. S-393

S-376 Leggett, W. C. 1969. Pugheadedness in landlocked

Atlantic salmon (Salmo salar). J. Fish. Res. Bd.

Canada 26(1 1): 309 1-3093, fig.

S-377 Lingner, D. 1973. O anomalic a sistemului neuro- S-394

secretor caudal la Scophthalmus maeoticus (Pallas

1831 ).Stud. Cercet. Biol., Ser. Zool. 25(5):455-

459.

Love, M. S. & J. Vucci. 1973. Partial ambicolora-

tion in three California flatfishes. Calif. Fish

Game 59(2): 146-148, 3 figs.

1973. Eratta. Calif Fish Game 59(3):216.

Lozano Cabo, F. 1969. Nota sobre un caso de

bicefalismo en la tintorera \Prionace glauca (L.)]

,

capturada en las immediaciones de las Islas

Chafarinas. Bol. Real. Soc. Espan. Hist. Natur.

Sec. Biol. 67(l/2):27—28, fig.

Lubieniecki, B. 1972, [A case of hermaphroditism

in Baltic herring (Clupea harengus L.)] . Przegl.

Zool. !6(4):420—422.

Lux, F. E. 1973. White spotting in the 1959 year-

class of Georges Bank winter flounder, Pseudo-

pleuronectesamericanus

(

Walbaum). Trans. Amer.

Fish. Soc. 102(1): 83—88.

& J. V. Mahoney. 1972. Predation by

bluefish on flatfishes. Mar. Pish. Rev. 34(7-8):

30-35, 4 figs.

Machado Cruz, J. A. 1969. [A tentative etiological

diagnosis of wounds in tuna Thunnus albacares

(Bonnaterre) from Angola] . Junta Invest. Ultra-

mar Notas Cen. Biol. Aqua Trap. 15:1 — 13, 6

figs. (In Portuguese with English synopsis).

Marichamy, R. 1970. On certain abnormalities in

the short-jaw anchovy Tlvissina baelama (Forskal)

(Family Engraulidae). J. Mar. biol. Ass. India

10(2): 395—397, 2 Figs.

Matsusato, T. 1973. (On the skeletal abnormalities

in marine Fishes. 1 . The abnormal marine Fishes

collected along the coast of Hiroshima Pref.).

Bull. NanseiReg. Fish. Res. Lab. 6:17—18.

McCleave, J. D. & S. M. Fried. 1974. Three unusual

shortnose sturgeons (Acipenser brevirostrum)

from Montsweag Bay, Maine. Canad. Fid, Nat.

88(3):358—360.

McIlwain,T.D. &R. Waller. 1972. An xanthochroic

gar.Lepisosteusoculatus, from Mississippi. Trans.

Amer. Fish. Soc. 101(2): 362.

Menzel, B. W. 1974. A mouthless carp from Texas.

Trans. Amer. Fish . Soc. 103(1): 142-143, fig.

& D. M. Green. 1972. A color mutant

of the chain pickerel, Esox niger (Lesueur). Trans.

Amer. Fish. Soc. 1 0
1
(2):370—372.

Merriner, J. V. 1972. A hermaphroditic alewife,

Alosa pseudoharengus, from the Rapahannock

River, Virginia. Copeia 1972(3): 597, fig.

& W. L. W'ilson. 1972. Jaw deformity

(cross-bite) of Atlantic menhaden, Brevoortia

tyrannus
,
from Virginia. Chesapeake Sci. 13(1):

62-63.

Minckley, C. O. & H. E. Klaassen. 1969. Life

history of the plains killifish, Fundulus kansae

(Garman), in the Smoky Hill River, Kansas. Trans.

Amer. Fish. Soc. 98(3):460-465,4 figs.

Misra, P. M. 1966. Sex characteristics and mor-

phological abnormalities of brook trout (Salveli

-

nus fontinalis). Proc. Pa. Acad. Sci. 39:121 —
123.



38 Dawson and Heal

S-395

S-396

S-397

S-398

S-399

S-400

S-401

S-402

S-403

S-404

S-405

S-406

S-407

S-408

S-409

S-410

S-411

Moe, M. A., Jr. 1969. Biology of the red grouper S-412.

Epinephelus mono (Valenciennes) from the east*

ern Gulf of Mexico. Fla. Dept. Natur. Resour

.

Mar. Res. Lab., Prof. Pap. Ser. 10:x + 95 pp.

Ulus. S-413

Monod, T. 1973. Sur un poisson enigmatique

provenant d’Eilat (Mer Rouge). Bull. Sea Fish.

Res. Stn . , Israel 60: 5-8 . S-4 1

4

Moore, C. J. & C. R. Posey, Sr. 1972. First records

of sinistrality in the hogchoker, Trinectes macula-

tus (Bloch and Schneider), and partial albinism S-415

within a reversed American hetersomate. Chesa-

peake Sci. 1 3(4): 324-325 ,
fig.

1974. Pigmentation and morphological S-4 16

abnormalities in the hogchoker, Trinectes niacula-

tus (Pisces, Soleidae). Copeia 1974(3): 660-670,

5 figs.

Moring, J. R. 1972. A deformed Anoplarchus S-417

pwrescens (Stichaeidae) from northern California.

Copeia 1972(1): 187-188, fig.

Morrow, J. E., Jr. 1951. A striped mziMu^Makaira

mitsukurii) without a spear. Copeia 1951(4):

303-304, fig. S-4 18

Mugiya, V. 1972. On aberrant sagittas of teleostean

fishes. Jap. J. Ichthyol. 1 9( 1): 1 1 — 14.

Muller, W. A. 1974. Fish anomoiies [sic]. The

Long Island Fisherman 33: 1 2— 13, 15.

Nair, K. V. S. & A. Chellam. 1971. An abnormal S-4 19

sting-ray caught off Calicut. Indian J. Fish. 1 8(1 -

2): 193-195._ & R. Soundararajan. 1973. On an instance S-420

of hermaphroditism in the electric ray, Narcine

timlei (Bloch and Schneider). Indian J. Fish.

20(1): 260-264, S-421

Necrasov, 0. & E. Ada-scalitei. 1970. Sur quelques

modifications morphylogiques correlatives a Pab-

sence congenitale d’un oeil chez Silurus glanis L.

Rev. Roum. Biol. (Zool.) 13:179—186, 10 figs. S-422

Nelson, J. S. 1971. Absence of the pelvic complex

in nine-spine sticklebacks, Pungitius pungitius,

collected in Ireland and Wood Buffalo National

Park Region, Canada, with notes on merislic

variation. Copeia 197 1(4):707-7 17.

Niazi, I. A. & S. K. Rathi. 1970. An ammocoete
larva ofEntosphenus lamottenii (Lesueur) with an

accessory tail. Curr. Sci. 36(1 967): 463-464,
1
pi.

Nichols, J. T. 1918. An abnormal winter flounder

and others. Copeia 1918:37—39.

Noble, A. 1971. Some deformities noticed in the

Indian mackerel, Rastrelliger kanagurta (Cuvier).

Indian J. Fish. 18(1-2): 187-191.

O’Connor, J. F. & B. W. Coad. 1975. Anomalies of

the adipose and pelvic fins of a brook trout,

Salvelinus fontinalis. Trans. Amer. Fish. Soc.

104(2): 4 14.

Okiyama, M. & T. Kawaguchi. 1974. A herma-

phroditic specimen of mackerel Scomberjaponi-
cus from the Japan Sea. Jap. J. Ichthyol. 21(3):

168, fig.

& W. Tomi. 1970. A reversed ambi-

colorate flathead flounder, Mippoglossoides du

-

bius (Schmidt) from the Japan Sea. Jap. J.

Ichthyol. 17:84 85. 2 pis.

Ovais, M. 1974. On the presence of a forked barbel

in a cat fish Clarias batrachus (Linnaeus). Curr.

Sci. 43(4): 125-126.

Overstreet, R. M. &. C. H. Lyles. 1974. A rubber

band around an Atlantic croaker. GulfRes. Rep.

4(4):476-478, fig.

Pflugfelder, O. 1970. Ein fisch (Abramis hlicca Bl.)

mit zwei mundoffnungen. Nachr. naturw. Mus.

Aschaffenburg 18(1969):79—82, 1 pi.

Pleticha, P. 197 1 . Mikroskopische und aiiatomische

untersuchungen an dicephalen doppelrnissbil*

dungen hei forellen (Salmo irideus Gibb.) Zool.

Am. 186: 197-208, 6 figs.

Pollard, D. A. 1972, The biology of a landlocked

form of the normally catadromous salmoniform

fish Galaxias maculatus (Jenyns). III. Structure

of the gonads. Aust. J. Freshwater Res, 23(1):

17-38.

Powell, A. B. & F. J. Schwartz. 1972. Anomalies

of the genus Paralichthys (Pisces, Bothidae), in-

cluding an unusual doubletailed southern floun-

der, Paralichthys lethostigma. J. Elisha Mitchell

Sci. Soc. 88(3): 155 161.

Quast, J. C. 1971. Sebastes variegatus, sp. n. from

the northeastern Pacific Ocean (Pisces, Scorpaem-

dac). Fish. Bull., U. S. 69(2):387-398, 5 figs.

Quereshi, T. A. & N. A. Quereshi. 1974. Extra-

pharyngeal thyroid follicles in a catfish Ileterop*

neustes fossilis. Curr. Sci. 43(1 5): 484.

Quignard, J. P. & C. Capape. 1972. Cas d’herma-

phrodisme chez Raja miraletus L. 1758. Trav.

Lab. biol. Halieutique, Univ. Rennes, 6:133—

140.

RadulescU, I., T. Nalbant & N. Angelescu. 1972.

Neoformatii osoase la Gadus morhua (L.) si

Cyprinus carpio (L.). [Bony neoformations in

the fish species Gadus morhua (L.) and Cyprinus

carpio (L.)]. Bui. Inst. Cercet. Pise. 31(3-4):

67-70.

S-423 Raja,B. T. A. & V. N. Bande. 1972. An instance of

abnormally ripe ovaries in the Indian mackerel,

Rastrelliger kanagurta (Cuvier). Indian J Fish.

19(1—2): 176— 179.

S-424 Randolph, K. N. 1974. Superficial third eye of a

channel catfish. Ptoc. Okla. Acad. Sci. 54:102—

103,2 figs.

S-425 Reinsch, H. H. 1973. Ein abnormes otolithenpaar

bei einem schellfisch [Melanogrammus aeglefinus

(L.)] , Ber. dtsch. Wiss. Komm. Mecresforschung

22(4):46 1-462.

S-426 Relyea,K.&B. Sutton. 1973. Cave dwelling yellow

bullheads in Florida. Florida Sci. 36(l):31-34.

S-427 Sadowsky, V. 1971. Notes on the bull shark Car-

charhinus leucas in the lagoon region of Cananeia,

Brazil. Bol. Inst, oceanogr., S. Paulo 20(2):71—78.



A Bibliography of Anomalies of Fishes 39

S-428 Sano, 0. 1958. An aberrant sockeye salmon with

pug head. Bull. Hokkaido Reg. Fish. Res. Lab.

19:35-36, fig. In Japanese.

S-429 Scherer, M. D. 1973. Some skeletal anomalies in

American shad (Alosa sapidissirna) with an ex-

ample of vertebral curvature in blueback herring

(A. aestivalis)• Chesapeake ScL 14(4): 298—300.

S-430 Schwartz, F. J. 1973. Spinal and cranial deform-

ities in the elasmobranchs Carcharhinus leucas,

Squalus acanthias, and Carcharhinus milberti. J.

Elisha Mitchell Sci. Soc. 89(1 -2): 74—77.
S-431 Scott, D. B. C. 1975. A hermaphrodite specimen

of Coregonus lavaretus (L.) (Salmoniformes, Sal-

monidae) from Loch Lomond, Scotland./. Fish.

Biol. 7:709, 2 pis.

S-432 Seshappa, G. 1970. An interesting case of an adult

sole (Cynoglossus semifasciatus Day) with a

normal eye on the “blind” side of the head. J.

Mar. biol. ,4ss. India 10:401-403, 2 pis.

S-433 Sgano. T. & T. Abe. 1973. Xanthochroous ex-

amples of one or two species of sea chubs of the

genus Kyphosus from the Bonin Islands. VO
16:1 2, fig.

S-434 Sikstrom, C. B,, D. A. Metner & W. L. Lockhart.

1975. Hermaphroditism in a white sucker (Cat

-

ostomus commersoni) from the Athabasca River,

Alberta. Trans. Amer. Fish. Soc. 104(2): 41 3, fig.

S-435 Singh, S. P. 1968, A note on the deformity in

pomfret, Stromateus cinereus (Bloch). J. Mar.

biol. 4ss. India 10: 175-177, 2 pis.

S-436 Spieler, R. E. 1971. A carp-goldfish hybrid with

no caudal fin. Trans. Kans. Acad. Sci. 74(3-4):

342-343, fig.

S-437 Spratt, J. D. 1975. Anomalous otoliths from the

northern anchovy, Engraulis mordax, Calif. Fish

Game 6
1 (4): 235-236, fig.

S-438 Stephens, R. R. 1973. Twinning in Porichthys

notatus Girard. Trans. Amer. Fish. Soc. 102(4):

846, 2 figs.

S-439 Subhedar, N. & P. D. Pasado Rao. 1974. An ab-

normal corpuscle of Stannius in the catfish,

Heteropneustes fossilis. Curr. Sci. 43(1 7): 550

551.

S-440 Sundarsingh, M. 1975, Record of a species of

Mystus montanus (Jerdon) with stunted pectoral

spine. Curr. Sci 44(1 1): 388—389.
S-441 Talent, L. G. 1973. Albinism in embryo gray

smoothhound sharks,Mustelus californicus, from

Elkhorn Slough, Monterey Bay, California. Copeia

1973(3): 595-597, fig.

S-442 1975. Pugheadedness in the longspine

comb fish, Zaninlepis latipinnis, from Monterey

Bay, California. Calif Fish Game 61(3): 160—
1 62, 2 figs.

S-443 Tandon, K. K. 1963. Abnormal ovaries in Glos-

sogobius giuris (Ham.). Sci. & Cult. 29:93-94.

S-444 & K. Sharma. 1971. A specimen of Cal-

lichrous macrophthalmus (Bluth) with a forked

right barbel. Curr. Sci. 40:438, fig.

S-445 Taylor, G., R. R. Stickney & R. Heard, III.

1973. Two anomalous flounders (Bothidae, Etro-

pus crossotus) from Georgia estuarine waters.

Chesapeake Sci 14(2): 147, fig.

S-446 Tilak, R. & N. K. Sinha. 1971. A study of an

abnormal specimen of Mystus vittatus (Bloch).

Zool.Polon. 21(2): 101-108.

S-447 Topp, R. W. & D. S. Beaumariage. 1971. Two
unusual striped mullet, Mugil cephalus, from the

Florida west coast. Trans. Amer. Fish Soc.

100(3): 579-580.

S-448 Tripathi, S. D. & R. K. Sharaf. 1973. Unilateral

amelia in Labeo rohita (Ham.). Sci & Cult.

39(1 2):560—561.

S-449 Tyler, J. C, 1970. Abnormal fin and vertebral

growth structures in plectognath fishes. Proc.

Acad. Nat. Sci Phila. 122(4):249-271, 15 figs.

S-450 Valentine, D. W. & P. B. Samollow. 1973. A de-

formed kelp bass, Paralabrax clathratus (Girard),

from Alijos Rocks, Baja California. Calif Fish

Game 59(2): 148-151, 2 figs. _
S451 Vazzoler, A. E, A., de M. 1971. Diversificacao

fisiologica e morfologica de Micropogon furnieri

(Desmarest, 1822) ao sul de Cabo Frio, Brazil.

Bol. Inst, oceanogr., S. Paulo 20(2): 1—70, 39

figs. English summary.

S-452 Venkataraman, G. 1970. The Indian mackerel. 4.

Bionomics and life history. Bull. Cent. mar. Fish .

Res. Inst. 24: 1 7-40, 4 figs.

S-453 Venkateswarlu, T. 1972. A note on an abnormal

pectorial [sic] fin in Puntius amphibia (Val.).

Acta. Ichthyol. Piscatoria 2(2): 95-97.

S-454 Walker, M. H. & C. G. Alexander. 1974. Encapsu-

lated fishhooks from the stomachs of Plectropo-

mus macula tus (Bloch) (Serranidae). J. Fish. Biol.

6:759-761.

S-455 Wilkens, E. P. H. & R. M. Lewis. 1971. Occurrence

of reversal and staining in North Carolina floun-

ders. Chesapeake Sci 1 2(2): 1

1

5- 1 1 6.

S-456 Witkowski, A. 1973. Several interesting cases of

deformation in the construction of fish fins and

vertebral column. Zool. Polon. 23(3-4): 245—

251.

S-457 Wunder, W. 1934. Beobachtungen liber Knochen-

erwcichungcn und nachfolgende Wirbelsaulen-

verkriimmung beim karpfen {Cyprinus carpio L.).

Z. Fisch. 32:37-67.

S-458 1949. Ein Fall von Wirbelsaulen-

verkiirzung bcim Hccht (Esox lucius L.). Arch.

Hydrobiol. 42:470-473.

S-459 1961. Einfluss dcr Wirbelsaulen-

verkriimmung in dcr Lendengegend auf dir

Gesalt der Schwimmblase des karpfens (Cyprinus

carpio L.). Z. Morph. Okol. Ticre 50:266—280.

S-460 1966. Hochriickigkeit bei der

Regenbogenforelle (Salmo irideus W. Gibb.)

bedingt dureh Wirbelsaulenverkiirzung und

gruppenweise Wirbelverschmelzung. Z. morph.

Okol. Tiere 57:249-258.



40 Dawson and Heal

S-461 Wunder, W. 1969. Wirbelanalyse mil Hilfe von

Rontgenstrahlen bei einem Aal (Anguilla anguilla

L.) mit Wellenkriimmung der Wirbelsaule (Ple-

kospondylie). Biol. Zbl. 88:611-627.

S-462 1971. Missbildungen beim Kaveljau (Ga

-

dus morhua) verursacht durch Wirbelsaulen-

verkurzung. [Body deformities in cod (Gadus

morhua) caused by spinal foreshortening.] Hel-

goland. wiss. Meeresun ters 22(2): 201 —2 1 2. Eng-

lish abstract. Transl. Ser. Fish. Res. Bd. Canada,

1972,21 p.

A bramis blicca - 415.

brama - 327.

Acanthopagrus schlegeli - 367.

Acanthosfracion quadricomis - 449.

Achettognalhus limbatus - 366.

Acipenser brevirostrum - 387.

Alosa aestivalis - 429.

pseudoharengus - 391.

medioeris - 328.

sapidissima - 429.

Anchoa mitchilli ~ 328.

Ancylopsetta quadrocellata - 455.

Anguilla anguilla - 461.

Anoplarchus purescens - 399.

Apelles quadracus - 332.

Aphredoderus sayanus - 323.

Argentina aliceae - 334.

sphyraena — 356.

Bairdidla chrysura 328.

Bothus panthcrinus - 310.

Breyoortia patronus 373.

tyrannus - 313, 329, 372, 373, 392.

smithi - 359.

Callichrous macrophthalmus - 444.

Calliclinus geniguttalus 3 1 6.

Campostoma unomalum - 357.

Catherhines macrocerus - 449.

Canthidermis maculatus - 449.

Carossius auratus - 436.

Carcharhinus leucas - 427 , 430.

m'dberti - 430.

Carcharias walbeehmi - 346.

Catostomus commersoni - 434.

platyrhynchus - 358.

(Pantosteus) santaanae - 348.

Citharichthys spilopterns - 455.

xanthosligma - 378.

Garbs batrachus - 41 3.

Clarkichthys bilineatus — 337.

Oeisthenes pinetorum herzensteini - 401.

Clupea harengus - 381.

Coregonus lavaretus - 431.

Coitus poecilopus - 456.

Cynvglossus semifasciatus - 432.

Cynoscipn nebulosus - 328.

regalis - 328.

Cyprinus carpio - 389, 422, 436, 457, 459.

Dasyatis akajei - 368.

Dendrophysa hooghliensis - 315.

Dorichthys boaja - 340.

Eleutheronema tetradactylum - 350.

Engraulis mordax - 437.

Entosphenus lamoitenii - 407.

Eopsetta jordani - 342
Epinephelus morio - 395.

Esox lucius - 458.

niger - 390.

Etheostoma ohlmstedi atrornaculatum -

328.

Etropus crossotus - 445.

Eulamia dussumieri - 346.

TAXONOMIC INDEX

Fratercula arciica - 320.

Fundulus kansae - 393.

Gadus morhua - 361, 422, 462.

Gaiaxias maculatus - 417.

Gasterosteus aculeatus - 332.

wheatlandi - 332.

Genes limbatus - 371.

Glossogobius giuris - 443.

Heteropneusles fossilis - 420, 439.

Himantura uarnak - 403.

Hippoglossina stomata - 353.

Hippoglossotdes dubius - 41 2.

pbtessoides - 325,

Hypopsetta guttulata - 354, 379.

Ichthyomyzon - 324.

Ictulurus catus — 328.

natalis - 426.

nebulosus — 333.

punctalus - 424.

Isopsetta isolepis - 352.

Kyphosus cinerascens - 433.

lembus - 433.

Labeo rohita 448.

Ijzbroides dimidiatus - 396.

Lagodon rhomboides - 328.

Lampetra lamottei - 324.

Larimus fasciatus - 328.

Leiognathus fasciatus - 369.

Leiostomus xanthurus - 328, 373-

Lepisosteus ocubtus - 388.

osseus - 373.

Lepomis gibbosus - 328.

Leporinus copelandii - 345.

Lirmnda ferruginea - 383.

yokohamae — 308.

Macrorhamphosus scolopax - 328.

Makaira mitsukurli - 400.

Mastacembelus armatus - 309.

Melanogrammus aeglefinus - 425.

Membras martinica - 328.

Menidia - 362.

menidia - 313, 328, 361, 373,

402.

Meuschenia skottowei — 449.

Micropogon furnieri - 451.

undulatus - 328, 414.

Micropterus salmoides floridanus - 331.

Microstomus pacificus - 338, 353.

Morone amerlearn - 328.

saxatilis - 349, 363, 402.

Mugil cephalus - 447.

curema - 373.

saliens - 343.

Mustelus californicus - 335,441.

Mysius montanus - 440.

vittatus - 446.

Narcine timlei - 404.

Nemachilus barbatulus — 456.

Necomis leptocephalus - 357.

Notropis cerasinus 357.

chrysocephalus 328.

telescopus - 328.

Noturus gyrinus - 365.

Oncorhynchus keta - 307.

nerka — 428.

Paracheilogrtathus rhombeus - 366.

Paralabrax clathratus — 317. 450.

Paralichthys californicus - 354.

dentatus - 383.

lethostigma - 418.

olivaceus - 306.

Petromyzon marinus - 324.

Pbtichthys slellatus - 341.

Pleclropomus maculatus - 454.

Pleuronichthys coenosus - 378.

decurrens - 353.

verticals - 353.

Polynemus microstoma - 339.

Polyodon spathub - 344.

Pomatomus saltatrix — 361, 363, 364, 402.

Pomoxis ntgromaculatus - 326.

Porichthys notatus - 438.

Prionace glauca - 305, 380.

Pristipomoides aquilonaris - 311.

Pseudopleuronectes americanus - 382, 402,

408.

Pungitius pungitius - 406.

Puntius amphibb - 453.

sophore - 355.

Raja miraletus - 421.

Rastrelliger kanagurta - 4 09, 423, 45 2.

Regalecus glesne - 328.

Rhodeus ocellatus - 366,

Rhomhoplites aurorubens - 322.

Roccus saxatilis 361.

Salmo gairdneri - 312, 318.

gairdnerii irideus 401.

irideus 416, 456, 460.

sabr - 376.

trutta - 370.

Salvelinus fontinalis - 394, 410.

Sardinelb vlupeoides - 375.

dayi - 375.

longiceps - 319.

sirm - 375.

Scomber japonicus -411.
Scophthalmus aquosus - 328.

maeoticus ~ 377.

Sebastes variegatus - 419.

Silurus gbnis - 405.

Sphyraena barracuda - 360.

Squalus acanthias - 320, 430.

Stictorhinus potamius - 321.

Stromateus cinereus - 435.

Strongvlura marina - 373.

Symphurus atricauda - 353.

pbgiusa - 336.

Syngnathus spicifer - 330.

Tautogolabrus adspersus -361.
Theragra chalcogramma - 401.

Thrissina baelama 385.

Thryssa mabbaricus - 314.



A BIBLIOGRAPHY OF ANOMALIES OF FISHES 41

Thunnus albacares - 384.

Trichiurus lepturus -351.
Trinectes macula tus - 397, 398.

Abnormal coloration — 326, 337, 369, 370,

382, 390, 395,455.
Albinism - 308, 312. 324, 335, 346. 347,

365,383, 397, 398,441.
Ambicoluration - 325, 328, 342, 353, 354,

378, 379, 397, 398,402,412,418,445.
Anal fin — 315, 317.

Barbels - 357, 387,413,444.
Body (misc.) - 330, 340, 369. 408. 449,

462,

Caudal fin, etc. - 316, 317, 338, 340, 366,

371 , 373, 386, 407, 409, 4 1 8, 426, 429,

436, 449.

Dorsal fin, etc. - 317, 361, 366, 369.

Eye - 305, 354, 369, 387, 405, 424, 432.

Fins (misc.) 328, 369, 410, 426, 450,

456.

Urophycis regius - 328.

Xiphophorus helleri - 347.

( Platypoecilus ) maculalus - 329.

INDEX OF ANOMALIES

GUIs, etc. - 373, 399.

Head (misc.) - 321, 344, 346, 386, 400,

422,429,430.
Internal organs, fasciae, etc. - 351, 354,

355,373.377,420,424,439.
Melanism —419-
Moutli, jaws, etc. - 328, 363, 373, 389,

392, 399,409,415,429.450.
Otoliths - 401,425.437.
Pectoral fin, etc. - 368, 403, 440, 453.

Pelvic fin, etc. - 314, 317, 334, 350, 359,

366, 373, 385, 393, 395, 396, 406, 410,

426, 448.

Pug-head, etc, - 31 1, 322, 323, 328, 331,

349, 357, 361, 362, 364, 367, 373, 376,

402, 428, 442.

Regeneration -371.

CORRIGENDA

Xystreurys liolepis - 378.

Zaniolepis latipinnis - 442.

Zenopsis ocellatus - 328.

Reversal - 336, 341, 352, 354, 397, 398,

412, 445,455.
Scales, etc. 398.

Sex organs, hermaphroditism, etc. - 307,

309, 310, 319, 339, 343, 345, 358, 375,

381, 385, 391, 394,404,41 1,417,421,

423, 431, 434, 443.

Twins, double monsters, etc, - 318, 329,

346, 380,416,438.
Vertebral - 313, 327, 328. 332, 333, 348,

356, 357, 360. 361, 362, 366, 372, 373,

383, 386, 393, 402, 409, 422, 427, 429,

430, 435, 446, 447, 449, 451, 456, 457,

458, 459, 460, 461,462.
Wounds 320, 373, 374, 383, 384, 414,

436,454.
Xanthochroism - 306, 388, 398, 433.

The following corrections should be entered in the appropriate sections of the original bibliography and Supplement 2.

Reference Correction

Title 195

Title 216

Title 342
Title 478
Title 493
Title 495
Title S-195

Title S-278

Change: “Anat” to Anstalter.

Change date to 1907.

To read. Handa.

To read: 2(12):205-210.

To read: Kobayashi, His.

To read: Kobayashi, Hir.

Delete.

Change date to 1964.



GulfResearch Reports

Volume 5
|

Issue 2

January 1976

Penaeid Shrimp Distributions in Mobile Bay, Alabama, Including Low-Salinity Records

Harold C. Loesch

Louisiana State University

DOI: 10.18785/grr.0502.06

Follow this and additional works at: http://aquila.usm.edu/gcr

Part of the Marine Biology Commons

Recommended Citation

Loesch, H. C. 1976. Penaeid Shrimp Distributions in Mobile Bay, Alabama, Including Low-Salinity Records. GulfResearch Reports 5

(2): 43-45.

Retrieved from http://aquila.usm.edu/gcr/vol5/iss2/6

This Short Communication is brought to you for free and open access by The Aquila Digital Community. It has been accepted for inclusion in Gulfand

Caribbean Research by an authorized editor ofThe Aquila Digital Community. For more information, please contactJoshua.Cromwell(2)usm.edu.



Gulf Research Reports, Vol. 5, No. 2, 43-45

SHORT COMMUNICATIONS

PENAEID SHRIMP DISTRIBUTIONS IN MOBILE BAY,

ALABAMA, INCLUDING LOW SALINITY RECORDS

HAROLD C. LOESCH*
Department of Marine Sciences, Louisiana State University,

Baton Rouge, Louisiana 70803

ABSTRACT Low-salinity records in the Gulf of Mexico area for taking Penaeus duorarum in water of Q.7°/oo and

28°C, and Penaeus aztecus in water of 0.2°/oo and 29.5°C were established in Mohile Bay, Alabama. Catches in Mobile

Bay of approximately 20,000 each of P. aztecus and Penaeus setiferus, distributed over a 30-month period, show that

P, aztecus taken in the hotter months had a wider salinity preference (5 to 30°/oo) than those taken in the cooler months

(10 to 15°/oo). During the warmer months P. setiferus was most common in waters below 5°/oo and during the winter

months was almost equally distributed in the various salinities. Few P. duorarum were taken during the survey.

INTRODUCTION

Twelve stations in Mobile Bay, Alabama (Figure 1) were

sampled monthly for 30 months by a standard 30-minule

drag with a 7.7-meter lead line shrimp trawl as described in

Loesch (1965). Bottom water samples were collected and

titrated with silver nitrate in the laboratory for salinity

calculations. Loesch (1965) did not discuss relationships

between abundance of shrimp and salinity, nor did that

paper establish low-salinity records for any species. The
present paper is an analysis of shrimp abundance (19,413

brown, 23,161 white, and 235 pink shrimp) in 325 samples

as compared to salinity (Table 1, Figure 2).

RESULTS

Gunter et al. (1974) reported that Gunter and Shell

(1958) took brown shrimp, Penaeus aztecus Ives, at 0.8%o
and characterized this as the lowest salinity in which they had

been found on the north coast of the Gulf of Mexico. Gunter

et al. (1964) reported them taken at a salinity of 0.22%o
in Florida. Swingle (1971) reported nine brown shrimp

caught in Alabama in waters where the salinity ranged from

0 to 0.2%o. Perret et al. (1971) reported 79 brown shrimp

taken from the same salinity range in Louisiana. Christmas

and Langley (1973) did not collect any brown shrimp from

salinities below 0.3%o . On June 10, 1954, four brown
shrimp were captured in Devil’s Channel south of the Mobile

Causeway (station 7) in 0.2 jQo salinity and 29.5°C. In the

20 collections made in water with salinities below 1%0 ,

only the June 10 collection contained brown shrimp.

Hoese (1960) took pink shrimp, Penaeus duorarum

Burkenroad, in 2.7%0 salinity water, which Gunter et al.

* Formerly principal marine biologist for the Alabama Conserva-

tion Department.

(1974) reported as the lowest salinity in which they had

been taken in the northern Gulf. It had not previously been

reported that on April 21 , 1955, one pink shrimp was taken

in Deer River Channel (station 5) in water of 0.7°foo salinity

and 28°C. During that month, when water was unusually

Figure 1. Bay and nearshore stations sampled in Mobile Bay,

Alabama.
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TABLE 1.

Number of shrimp, samples, and shrimp pa sample caught in different salinities in Mobile Bay.

Salinity (°/oo)

0-5 5-10 10-15 15-20 20-25 25-30 30+ Total

Brown, April-October, 1953-55 - Warm weather (water 21 32°C)

Total shrimp 1055.0 4058.0 5129.0 2820.0 2434.0 2103.0 339.0 17,938.0

Total samples 46.0 38.0 40.0 40.0 30.0 15.0 4.0 213.0
Shrimp/sample 22.9 106.8 128.2 70.5 81.1 140.2 84.8 84.2

Brown, November March, 1953--55 - Colder weather (water 8.5 21°C)

Total shrimp 9.0 20.0 967.0 83.0 213.0 177.0 6.0 1,475.0

Total samples 28.0 19.0 16.0 17.0 18.0 13.0 1.0 112.0

Shrimp/sample 0.3 1.1 60.4 4.9 11.8 13.6 6.0 13.2

White, August-November, 1953; July- November, 1954; July September, 1955 Young small shrimp

Total shrimp 5822.0 3626.0 6783.0 2188.0 1537.0 1540.0 27.0 21,523.0

Total samples 13.0 24.0 26.0 34.0 30.0 22.0 3.0 152.0

Shrimp/sample 447.8 151.1 260.9 64.4 51.2 70.0 9.0 141.6

White, July, 1953; December, 195 3 -June, 1954; December, 1954 June, 1955 - Somewhat older shrimp

Total shrimp 256.0 368.0 502.0 192.0 291.0 28.0 1.0 1,638.0

Total samples 61.0 33.0 30.0 23.0 18.0 6.0 2.0 173.0

Shrimp/sample 4.2 11.2 16.7 8.3 16.2 4.7 0.5 9.5

Pink, July, 1953-Scptember, 1955 - All pink shrimp were caught during these months

Total shrimp 1.0 67.0 118.0 3.0 31.0 8.0 7.0 235.0

Total samples 74.0 57.0 56.0 57.0 48.0 28.0 5.0 325.0

Shrimp/sample 0.01 1.2 2.1 0.1 0.6 0.3 1.4 0.7

fresh, salinity was recorded at 0.5%o as far south as Alabama

Port (station 2), Only one white shrimp, Penaeus setiferus

(L),was taken in salinity below l7oo, and that was at 0.9%o
and 29.5°C on 8 August 1955 at Devil’s Channel (station 7)

in the northern part of Mobile Bay.

DISCUSSION

Statistics

Loesch (1962) statistically analyzed variance of size of

both brown and white shrimp and found no significant

difference between years for either species. However, as

would be expected, there was a highly significant difference

between months/years. The bay was divided into four sec-

tions, generally from fresher water to more saline water. An
analysis of variance for the four chosen locations/months/

years also proved to be highly significant. In general, larger

shrimp were found in the lower (generally saltier) section of

the bay, and shrimp were progressively smaller towards the

upper (fresher) section of Mobile Bay. For greater details on

the statistical calculations and results, see Loesch (1962, p.

83-94).

Brown Shrimp

SALlKlITlFS

Figure 2. Average catch per sample of three species of shrimp in

different salinities during two seasons of the year.

The brown shrimp catch in different salinities was cal-

culated for two different periods of the year: from April to

October, when temperature ranged from 21° to 32°C, and

from November to March, when temperature ranged from

8.5° to 21°C.

During the warm months brown shrimp were common
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in salinities from 5 to 30%o. There were two peaks of

abundance: one at salinities of 10 to 15°/oo and another at

25 to 30%o (Figure 2). The peak at 25 to 30%o was caused

by two extremely high catches of brown shrimp in July and

August 1954 at one always-rich station (station 1) located

in deeper water near the mouth of Mobile Bay. In the 15

times this salinity range was sampled, half the shrimp were

caught in these two samples.

During the cooler months the majority of brown shrimp

taken were in salinities from 10 to 15%o.

White Shrimp

One of the two curves (Figure 2) for white shrimp started

with the appearance of the new crop and lasted until most

had left the area. This occurred from August to November

in 1953, July to November in 1954, and July to September

in 1955, when the project terminated.

During the warm months white shrimp were most plenti-

ful in waters of low salinities, especially below 15%o (Figure

2). During the colder months they were not plentiful at any

salinity, and there appeared to be no recognizable relation-

ship between abundance and salinity.

Pink Shrimp

All pink shrimp were caught from October to May. The

majority were taken in the lower end of the bay in October

and November.
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GROWTH OF THE SHRIMP, PENAEUS AZTECUS, FED A
DIET OF LIVE MYSIDS (CRUSTACEA: MYSIDACEA)

JOHN OGLE* AND WAYNE PRICE
Moody College of Marine Sciences, Texas A&M University

,
Galveston,

Texas 77550, and Department of Biology, Texas A&M University,

College Station, Texas 77840

ABSTRACT Commercial brown shrimp (Penaeus aztecus) were shown to consume large numbers of mysid shrimp

CMysidopsis almyra) under laboratory conditions. Growth of shrimp fed a diet of mysids was comparable to growth of

shrimp fed a diet of Artemia nauplii. It is suggested that mysid shrimp may serve as a food source for juvenile penaeid

shrimp in northwestern Gulf coast estuaries.

INTRODUCTION

The rapid growth of juvenile brown shrimp {Penaeus

aztecus) along with their nutritional value and high demand
has led to their consideration for mariculture. The artificial

foods that have been formulated and tested in the laboratory

generally result in growth for juvenile shrimp that is less

than that for shrimp fed natural food (Zein-Eldin and

Meyers 1973). Artemia are generally used as a subsistence

or control diet but are not naturally available to shrimp in

the estuary. It is suggested that some other crustacean may
serve as the major food source for natural populations of

shrimp. Because mysid shrimp can be collected along with

penaeid postlarvae (Christmas et al. 1966) in large numbers
in the shallow estuarine areas during summer months (Conte

and Parker 1971), and are known to have a high caloric

value (Wissing et al. 1973), they were evaluated in this

study as a food for shrimp.

MATERIALS AND METHODS

Four experiments were conducted over the period of

August 1973 to June 1974. Experiments were conducted

using a variety of glass containers having no substrate and

no nitration. Aeration was provided through a single air

stone in each container. Brown shrimp were obtained from

the hatchery of the National Marine Fisheries Service in

Galveston through the courtesy of Mr. C. Mock. They were

held a maximum of 1 week in 150-liter aquaria with sub-

gravel filters and fed a commercial flake food (Tetramarin 2
).

One liter of artificial sea water (Instant Ocean2
) per shrimp

was provided at 20 ppt and room temperature (ca. 23°C).

Illumination from a 40-watt fluorescent lamp was controlled

by a timer to give a photoperiod of 14 hours light per day.

Mysids {Mysidopsis almyra) were collected alive from the

marshes of Galveston Island as required and held in a 150-

liter aquarium with filtration.

In a preliminary experiment, mysid consumption by

1 Current address: Gulf Coast Research Laboratory, Ocean Springs,

Mississippi 39564
2 Use of trade names does not imply endorsement.

three sizes of shrimp was tested (Table 1). Shrimp were

placed in separate 1-llter aquaria and each size was replicated.

Each aquarium was provided with five mysids. Aquaria were

examined every 4 hours for a period of 5 days. The number

of mysids consumed was recorded and additional mysids

provided to maintain a density of five per aquarium. The

average wet weight of a mysid (0.001
1 g), based upon 100

determinations, was used to determine the weight of mysids

consumed by the shrimp (Table 1).

Due to the difficulty in supplying a sufficient number of

mysids for large (60 mm) shrimp, under these experimental

conditions and the unavailability of postlarval shrimp,

penaeids approximately 30mm in size were used for growth

experiments. In three experiments shrimp were fed an

abundance of mysids or Artemia nauplii once daily. In an

additional aquarium shrimp were not fed. Detritus was

siphoned out every other day but the water was not changed

during an experiment. Length (tip of rostrum to end of

telson) was determined to the nearest mm utilizing Alleifs

(1963) procedure at the initiation and the termination for

individual shrimp in experiment A (Table 2). To avoid

handling the shrimp in subsequent experiments (B and C
Table 2) length was determined by sacrificing an initial

sample and all survivors. In experiment A increase in size of

individual shrimp held in 1-liter fingerbowls was determined

after 5 days. In experiment B an initial 30 shrimp were

placed in each of three 1 1 5-liter aquaria. Water was removed

from each aquarium to maintain 1 liter per shrimp. Every

5 days for 15 days, 10 shrimp were removed and sacrificed.

An attempt was made to capture the smallest and largest

shrimp according to the procedure of Zein-Eldin (1963),

Five-liter aquaria were used in experiment C to determine

increase in size of individual shrimp after 21 days.

RESULTS AND DISCUSSION

The maximum growth rates for Artemia - fed shrimp (0.82

mm per day) and for mysid-fed shrimp (0.72 mm per day)

were comparable. In one experiment (A, Table 2) the mysid-

fed shrimp had a faster growth rate than the Artemia-fed

shrimp. The lesser growth rate for the mysid-fed shrimp in

experiment B (Table 2) possibly was due to the larger area

of the aquarium, compared with the fingerbowl, which
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TABLE 1.

Maximum consumption of mysids by Penoeus aztecus over 5 days.

Shrimp Size

Number
Consumed

Weight

Consumed

Final Weight

of Shrimp

<g)

Shrimp Weight

Consumed

(%)

Daily

Consumption

(%)

10 mm postlarvae 8 0.0088 0.004 220.0 44.0

10 mm postlarvae 14 0.0154 0.010 154.0 30.8

30 mm 65 0.0715 0.26 27.5 5.5

30 mm 60 0.0660 0.28 23.6 4.7

60 mm 109 0.1199 1.24 9.6 1.9

60 mm 95 0.1045 1.07 9.7 1.9

TABLE 2.

Daily growth rate in length (mm per day) of Penaeus aztecus

.

Diet

Growth Rate

(mm/day)
Range in

Final Size

No.

Shrimp

Experiment A - 5 days in 1-L. fingcrbowl

Unfed 0.08 (32-42) 9

Artemia-i'ed 0,52 (33-43) 8

Mysid-fed 0.72 (35-45) 7

Experiment B
1st Sample — 5 days in 1 15-L. aquaria

Unfed 0.06 (22-32) 10

Artemia-i'ed 0.46 (24-35) 10

Mysid-fed 0.42 (26-33) 10

2nd Sample - 10 days in 1 15-L. aquaria

Unfed 0.13 (25-32) 5

Artemia-i'ed 0.82 (27-40) 10

Mysid-fed 0.25 (25-35) 10

3rd Sample - 15 days in 1 15-L. aquaria

Unfed 0

Artemia-fed 0.82 (32-44) 10

Mysid-fed 0.35 (27-42) 6

Experiment C - 21 days in 5-L. aquaria

Unfed _ - 0

Artcmia-icd 0.40 (32-37) 2

Mysid-fed 0.33 (32-34) 2

Avg. daily growth: Unfed -0.09; Artemia-fcd-0.60; Mysid-fed-0.4 1.

provided the mysids a greater area in which to evade the

shrimp. Artemia provided in the other aquarium tended to

remain aggregated, thus being more vulnerable to predation.

However, in the 5-liter aquaria (experiment C, Table 2)

growth of Anemia-fed shrimp was poor and the shrimp

fed with mysids grew less rapidly than the Artemia-fed

shrimp.

No unfed shrimp survived longer than 14 days. None of

the fed shrimp died during the experiments. Losses occurred

due to shrimp jumping out of aquaria during feeding or

observation.

Growth in these studies at no time approached the growth

rate of 1.5 mm per day reported for brown shrimp in the

natural environment (Williams 1955). Growth of shrimp in

aquaria is usually less than that expected from nature. Zein-

Eldin (1963) using 0.41 liters of water per shrimp and feed-

ing Artemia achieved a maximum growth of 0.42 and 0.68

mm per day. Zein-Eldin and Aldrich (1965) achieved a max-

imum growth rate of 1.11 mm per day on a diet oiArtemia.

The average of the growth rates from the three experiments

fei Artemia-fed (0.60 mm per day) and mysid-fed (0.41 mm
per day) shrimp is comparable to the growth rate (0.42 mm
per day) reported by Zein-Eldin (1963). By maintaining

better water quality and feeding a mixed diet, better growth

possibly could be obtained in the laboratory.

While growth in this study did not approach that reported

from nature, the growth of mysid-fed shrimp was comparable

to that ofArtemia- fed shrimp. Considering that mysids occur

with shrimp in large numbers when the shrimp postlarvae

are entering the estuaries, it is suggested that mysid shrimp

may serve as a food source for juvenile penaeid shrimp.
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ACTIVITIES OF THE GULF COAST RESEARCH LABORATORY
DURING FISCAL YEAR 1975-76: A SUMMARY REPORT

HAROLD D. HOWSE
Director, Gulf Coast Research Laboratory, Ocean Springs, Mississippi 39564

GENERAL

Mississippi’s institution of higher learning for research and

education in the marine sciences, the Gulf Coast Research

Laboratory received an annual general support appropriation

of $1,390,318 for the fiscal year 1976 allocated by the 1975

Mississippi Legislature. This support was augmented by self-

generated funds, including grants and contracts, in the

amount of $508,365.

RESEARCH VESSEL

Construction of an 85-foot oceanographic research vessel

for the Gulf Coast Research Laboratory by International

Marine Fabricators, Tampa, Florida, under contract with

the State Building Commission, continued until February

1976 when all work ceased. At that time, International

Marine Fabricators went out of business, leaving the vessel

partially constructed. The State Building Commission is

currently studying the entire problem and is expected to

proceed with the completion of the vessel upon the acquisi-

tion of additional funds.

PHYSICAL. PLANT

A two-story addition to the Richard L. Caylor Building

neared completion as the year ended. The construction was

funded in the amount of $172,000 and supervised by the

State Building Commission. When completed, the building

will provide a lecture Irall on the first floor. The second

floor will provide 2,400 square feet of space and will house

the administrative offices of the Mississippi-Alabama Sea

Grant Consortium.

A new water well was constructed to supplement the

existing system that had about reached its limit of supply

and to provide for the needs of facilities planned for the

future. Further, it increased the supply of water available

for fire fighting which was previously inadequate. This

project was funded in the amount of $1 6,500 and supervised

by the State Building Commission.

The Laboratory, using institutional funds in the amount
of $28,318, constructed a 21x62-foot greenhouse and con-

trolled environment chamber for the Botany Section. This

facility significantly expands the Laboratory’s research ca-

pability and enhances current studies of saltmarsh plants

and seagrasses.

The Laboratory acquired, at no cost, approximately 52.0

acres of surplus property consisting of about 6.07 acres of

marsh island and 45.83 acres of water bottoms from the

Department of Health, Education and Welfare on January 30,

1976. This relatively undisturbed estuarine marsh will be

used principally as an experimental study area for graduate

students pursuing original research, and for ecological studies,

including the periodic monitoring of various environmental

parameters by Laboratory investigators.

RESEARCH SECTIONS

During the year, the 15 research sections collectively

pursued 124 separate investigations, with progress varying

from initial probes to completion. A few selected projects

for each section are described briefly below:

ANADROMOUS FISHES SECTION

Striped Bass Rearing and Stocking-Mississippi (Funded

by National Marine Fisheries Service, U.S. Fish and Wildlife

Service and Gulf Coast Research Laboratory): The final

segment of this three-year project was carried out during

the year. The overall objective was to establish a viable

striped bass population in Mississippi coastal waters.

A total of 446,000 2-inch South Carolina striped bass

were laboratory reared and released into local waters, along

with 30,000 2-inch bass reared from fish known to migrate

into the open sea.

A hatchery was established at the Mississippi Game and

Fish Commission laboratory on the Ross Barnett Reservoir

near Jackson, Mississippi. Ripe male and female striped bass

were captured from the tail race of the dam, taken to the

hatchery and spawned, resulting in 5,000 24-hour-old striped

bass fry. A total of 2,670 of these fish were reared to 2

inches in length at the Gulf Coast Research Laboratory and

then released into local waters. This was the second con-

secutive year tlial striped bass fry were produced from Mis-

sissippi brood stock. A sampling program is in progress to

check for natural reproduction of previously stocked bass

and for the occurrence of juvenile striped bass, and to

monitor previously stocked striped bass in order to continue

assessing the results of all bass stocking programs previously

carried out in this area.

Development of Gulf Coast Artificial Reefs (Funded by

Mississippi-Alabama Sea Grant Program): The states of

Mississippi and Alabama are currently in the process of

placing ten surplus Liberty Ship hulls in eight locations off

their coast. A total of nine hulls have been placed in the

Gulf at eight locations; two have been sunk off the Mis-

sissippi coast at each of two locations. The reefs, monitored

bi-weekly by personnel from Mississippi and Alabama,

are assessed by diver survey and sport fishing methods.

Divers are observing the effects of attraction devices such

as automobile tire units and multiple arrays of 10-foot
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lengths of 2-inch PVC pipe, attached by one end to the

sunken hulls.

Artificial Midwater Reef Development Program (Funded

by Mississippi Marine Resources Council and Gulf Coast

Research Laboratory); Extensive colonization by hydroids

and amphipodshas occurred on the attractors (enhancement

devices). Large aggregations of desirable pelagic and reef

Fish have been observed and caught over and in the reefs.

Observations of the success of the reefs as attractors are

being conducted in conjunction with this project.

Bait Fish Rearing (Funded by Mississippi Marine Re-

sources Council and Gulf Coast Research Laboratory): This

study, to be initiated on July 1 , 1976, will develop and make
available methods for rearing bullminnows in controlled

ponds to supply the live-bait industry. The bullminnow is a

favorite live bait used when available by many coastal sport-

fishermen. Supplies are quickly depleted in late fall when
the spotted sea trout {Cynoscion nebulosus) are running.

Bullminnows are supplied to the retail market by a few

Fishermen using traps and/or hook-and-line.

ANALYTICAL CHEMISTRY SECTION

Sediment and Floral Hydrocarbons of the MAFI.A Mon-
itoring Program (Funded by Bureau of Land Management,

U.S. Department of Interior); The investigation of the

distribution of hydrocarbons in benthic sediments and algae

was continued through the project. Samples were collected

during two seasons from transects extending around the

northeastern Gulf, from Pascagoula, Mississippi, to Ft. Myers,

Florida, and out to the edge of the continental shelf. In order

to monitor the effects of exploratory drilling done in 1974-

75, a larger area was sampled and collections were made over

a longer period than were those of a baseline study conducted

in 1974, prior to exploration. The study also determined

seasonal variations at stations beyond the present lease sites.

Sediment and Floral Hydrocarbons of the MAFLA Rig

Monitoring Program (Funded by Bureau of Land Manage-

ment, LI.S. Department of Interior): Twenty-five stations

located off Port Aransas, Texas, were sampled before, dur-

ing, and after the construction of a rig to determine the

detrimental effects of rig use. Although tire analyses are

incomplete, it appears that no pollution effects are dis-

cernible. The major advantage of this study was to provide

a means of testing the reproducibility of sampling and

analysis for sedimentary hydrocarbons.

BOTANY SECTION

A Study of Salt Marsh in Mississippi by Remote Sensing

(Funded by Mississippi Marine Resources Council and Gulf

Coast Research Laboratory): This project was designed to

obtain ground truth data on the vegetation of salt marshes

of Mississippi. Surveys were conducted and 40-acre vegeta-

tively homogeneous tracts were selected to be utilized in

developing remotely sensed electronic signatures from satel-

lite Hights. Small tracts, ranging in size from a fraction of an

acre to an acre or more, were selected for low-altitude air-

craft Hights provided by the National Aeronautics and Space

Administration. These flights provided detailed information

on the vegetational and ecological aspects of Mississippi

salt marshes. This information will ultimately be used to

prepare vegetational maps of Mississippi's wetlands.

The Population Dynamics ofJuncus roemerianus (Funded

by Gulf Coast Research Laboratory ): This study was initi-

ated during the year. Juncus dominates the marshes of Mis-

sissippi and a better understanding of its genetics and

productivity are major objectives of the study.

A Phytosociological Study ofHorn and Petit Bois Islands,

Mississippi (Funded by U.S. National Park Service): This

two-year project is scheduled to begin on July 1 ,
1976. The

First year’s work will consist of a general survey to locate

areas from which to obtain detailed floristic and ecological

information during the second year. The study will deter-

mine the presence and abundance of each species, define

and map habitats, and deal with their ecology.

ECOLOGY SECTION

Three environmental impact statements were drafted

during this fiscal year. The first of these was requested by

the Jackson County Board of Supervisors for the Ocean

Springs, Mississippi, Beach Renewal project. This project

called for the dredging of 30,000 cubic yards of sand to

replenish 2,800 feet of front beach in Ocean Springs. The

other two impact statements were written for the Lab-

oratory. One of these was for the widening and deepening

of the docking facilities at Point Cadet, Biloxi, to provide

docking space for the new research vessel. The other was

necessary in order for the Laboratory to obtain a marsh

island in Back Bay of Biloxi from the federal government.

A similar document was also prepared on the value of Marsh

Point as a natural unaltered marsh area.

Environmental Affairs Committee: The activity of this

Committee, composed of the senior scientific staff, is co-

ordinated by the Ecology Section. The Committee coordi-

nates the Laboratory expertise, to provide an interdisciplinary

focus on environmental problems, impact statements and

permit requests for work proposed in the wetlands and

estuaries. The latter is a service to the Mississippi Marine

Resources Council, which partially funds this work.

Many permit requests were reviewed throughout the

year. In addition, an environmental evaluation of dredging

operations in the Pascagoula River by Technical Sands, Inc.,

Moss Point, Mississippi, was conducted from December 3,

1975 through April 9, 1976 for the Mississippi Marine

Resources Council.

ENVIRONMENTAL CHEMISTRY SECTION

The Fate and Effect of Oil Pollution in the Marine En-

vironment (Funded by Environmental Protection Agency):

The Final year of this three-year study, jointly conducted

by Mississippi State University, University of Southern Mis-

sissippi and the Gulf Coast Research Laboratory, was com-

pleted in February of 1976. During the summer months of

1975, the focus of research was four test ponds located at

the National Space Technology Laboratory near Bay St.
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Louis, Mississippi. Three new crude oils were tested for

toxic effects on shrimp, mullet and oysters in these ponds.

Both hydrocarbon distributions and concentrations were

determined periodically on sediments, water column and

plant tissue. A final report has been submitted to the

primary contractor, Mississippi State University.

Sediment and Floral Hydrocarbons of the MAFLA Mon-
itoring Program, and Sediment and Floral Hydrocarbons of
the MAFLA Rig Monitoring Program (Funded by Bureau

of Land Management, U.S. Department of Interior): The
Environmental Chemistry Section participated jointly with

the Analytical Chemistry Section (see) in these studies.

FISHERIES MANAGEMENT SECTION

Liberty Ship Artificial Reef (Funded by the Mississippi

Marine Conservation Commission and Gulf Coast Research

Laboratory): During the year two more Liberty Ship hulls

were sunk offshore, one of which was located 4 'h miles

south (3HO 3592 1 -3HI 1 900) of Horn Island and the other,

12 H miles south (3HO 3577-3HI 1907) of Horn Island, The

section worked jointly with the Anadromous Section (see)

on the artificial reef study. This project is expected to

improve recreational fishing in the area for the benefit of

the general public.

A Survey of Oyster Reef Populations in Biloxi and

Pascagoula Bays (Funded by Gulf Coast Research Lab-

oratory): These reefs have historically produced large quan-

tities of oysters. However, in the 1960’s, both areas were

closed because of high coliform counts caused primarily by

septic tank seepage and improperly operating sewage treat-

ment facilities. In their present locations, the oysters are a

liability to the State in that the areas must be patrolled on

a 24-hour basis to prevent their illegal removal and use.

They also constitute a lost resource unless they can be

removed to clean waters where they cleanse themselves by

depuration and then can be harvested.

The objectives of the survey included the assessment of

the present oyster population on the major closed reefs in

order to determine the size range and abundance of the

oysters and the locating of a suitable bottom for relaying

and subsequent depuration of the oysters. The survey

showed that 100 barrels of large oysters were available on

the two major closed reefs. It was further determined that,

with proper management, an oyster population of this

magnitude could be sustained annually. Another aspect of

the reef survey revealed in excess of 710 acres of bottom

suitable for oyster relaying and depuration.

FISHERIES RESEARCH AND DEVELOPMENT SECTION

Fisheries Resources Assessment and Monitoring, Missis-

sippi (Funded by National Marine Fisheries Service and Gulf

Coast Research Laboratory): An extensive sampling pro-

gram employing trawls, seines, plankton nets and nekton

nets has provided data for assessment and monitoring of

Mississippi’s fishery resources. Monthly reports, published

in Marine Briefs, have provided real-time information on

resource populations. Appropriate segments of this work
have been closely coordinated with the National Marine

Fisheries Service’s research in Gulf waters. Data have been

provided to the Mississippi Marine Conservation Commis-

sion, Mississippi Marine Resources Council, Mississippi-

Alabama Sea Grant Consortium, and to numerous other

State and federal agencies and many private entities.

The shrimp sampling program has provided accurate

predictions of the commercial fishery production and a

scientific basis for management of the shrimp fishery. Es-

timates based on data from previous years show that the

1975 brown shrimp crop in Mississippi waters was worth

approximately $1,000,000 more in dockside value than

could have been expected from the same potential in prior

years. The June 1976 harvest, according to preliminary

reports, probably set a new high record for value and volume.

Similar production rates are expected to continue through

the season.

Fisheries Planning (Funded by Gulf Coast Research Lab-

oratory): Active participation by the Laboratoiy provided

for the effective input of Mississippi’s position in practically

all Gulf of Mexico fishery planning activities. These activities

involved cooperation with such agencies as the National

Marine Fisheries Service, Gulf States Marine Fisheries Com-
mission, the Commission’s Technical Coordinating Com-
mittee and sub-committees, Gulf State-Federal Fishery

Management Board, Sea Grant Association, Mississippi Ma-

rine Resources Council, Mississippi Marine Conservation

Commission and several professional societies.

The Gulf Coast Research Laboratory was selected to

develop management plans for Gulf shrimp and Gulf men-

haden and, subsequently, was awarded federal grants total-

ing $100,000 to develop these plans.

Cooperative efforts with Sea Grant personnel and fishing

industries resulted in acceptance by the U.S. Army Corps

of Engineers and congressional delegations from the Gulf

states of a proposal to study the feasibility of controlled

fresh water introduction to estuaries east of the Mississippi

River delta.

Fishery Assistance Services (Funded by the Gulf Coast

Research Laboratory): Technical assistance was provided

in response to numerous calls from local fishing industries,

especially bait and crab fishermen, and from the Mississippi

Marine Conservation Commission. Up-to-date information

on fishery technological problems, regulations, and pertinent

pending legislation has been made available to fishermen

and the fishing industry.

Statistics on Subsistence Fishing in Coastal Counties of
Mississippi (Funded by National Marine Fisheries Service

and Gulf Coast Research Laboratory): Investigations con-

tinued to determine the level of subsistence fishing in the

coastal counties of Mississippi. This study was designed to

give an equal amount of attention to all commercially

important species and gear types presently managed by the

Mississippi Marine Conservation Commission, It is unlike

previous surveys of this nature in other states, generally

listed as “recreational shrimping” that deal only with one

major gear type and usually three common species of shrimp

(Penaeus aztecus, Penaeus setiferus, and Penaeus duorarum).

Subsistence fishermen utilize part or all of their catch

as a direct food source, thus supplementing the family
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income. In instances where the catcher lias to travel great

distances or use high-powered gasoline engines, the cost per

pound of seafood may be high. Preliminary determinations

in this investigation indicate the cost per pound in the Mis-

sissippi subsistence shrimp fishery to be $ 1 .37. The cost per

pound is decreased due to the number of commercial fisher-

men involved in this study and their use of larger gear and

diesel engines and the close proximity of the inhabitants in

the coastal counties of Mississippi to the resource.

The commercial shrimp catch from the inside waters of

Mississippi is not known precisely, because the statistical

areas used by the National Marine Fisheries Service in re-

porting shrimp landings (Gulf Coast Shrimp Data) include

portions of Louisiana and Alabama with Mississippi. Total

figures for the commercial catch have not been published

to date for 1975. Preliminary figures published in Missis-

sippi Landings, indicate a 24-percent drop from 1974 to

1975 for shiimp. Shrimp taken by subsistence fishermen

declined 15 percent from 1974 to 1975 (166,667 pounds

to 141,757 pounds).

Development of a Fishery Management Plan for Gulf
Shrimp (Funded by National Marine Fisheries Service, Gulf

States Marine Fisheries Commission, and the five Gulf

states): The Gulf of Mexico shrimp fishery, harvesting at

least seven species, extending to all parts of the United

States Gulf coast, utilizing an extremely diverse fleet of

boats and vessels, employing many thousands of people and

producing the highest dollar value of any Gulf fishery, is

extremely complex. Current management is entirely under

State jurisdiction and is limited to territorial waters. Develop-

ment of an acceptable Gulf-wide management plan, designed

to accomplish and maintain optimum sustainable yield from

these resources, is essential.

The Gulf States Shrimp Management Plan will contain a

clear statement of mission and objectives, utilizing the

“Management by Objectives” technique. Problem identifica-

tion will focus on profile work already completed; i.e., the

discussion paper on shrimp fishery management, National

Marine Fisheries Service. Problems will be identified by type

(administrative, legal, institutional, legislative, biological,

technical, economic, social, environmental, etc.), by degree,

and homogeneous area (state, international, range of stock,

or section of Gulf)- Problems will be analyzed, and potential

alternative solutions will be developed, which will in turn

reflect needs for problem solution. An action program will

then be developed to delineate and prioritize the most

feasible actions necessary to meet the established mission

and objectives.

Funds necessary to implement the proposed actions will

be estimated, the appropriate funding source will be identi-

fied, as will the responsibility for taking the necessary

actions and the potential benefits that may accrue to the

fishery if the funds are spent. Priorities for action will be

scheduled, as required, for task(s) accomplishment.

A recommended approach for coordinating the manage-

ment program will be outlined, including the responsibilities

for assuring implementation of the plan. A system for

monitoring and evaluating the effectiveness of the manage-

ment program will be designed.

The Gulf Coast Research Laboratory, with the aid of

representatives from the Gulf states (Florida Department of

Natural Resources, Alabama Department of Natural Re-

sources, Mississippi Marine Conservation Commission, Lou-

isiana Wild Life and Fisheries Commission and Texas Parks

and Wildlife Department), National Marine Fisheries Service

laboratories and other agencies as appropriate, will develop

from existing secondary data and necessary interview data,

a concise description of the Gulf shrimp fishery.

Development of a Fishery Management Plan for Gulf

Menhaden (Funded by National Marine Fisheries Service,

Gulf States Marine Fisheries Commission and the five Gulf

states): The Gulf of Mexico menhaden fishery, using a

relatively homogenous fleet of large vessels owned and

operated by only five companies, harvests the largest volume

taken in any U.S, fishery, almost entirely from one species

located in the north central Gulf of Mexico. Consequently,

development of an acceptable management plan with all

companies participating is not expected to be extremely

complex. However, there are strong indications that the

maximum sustainable yield is already achieved in this fishery

and management plan development is urgent.

The Gulf States Menhaden Management Plan will con-

tain a clear statement of mission and objectives, utilizing

the “Management by Objectives” technique. Problem iden-

tification will focus on profile work already completed; i.e.,

the discussion paper on menhaden fishery management,

National Marine Fisheries Service. Problems will be analyzed,

and potential alternative solutions will be developed, which

will in turn reflect needs for problem solution. An action

program will then be developed to delineate and prioritize

the most feasible actions necessary to meet the established

mission and objectives.

Funds necessary to implement the pioposed actions will

be estimated, the appropriate funding source will be iden-

tified, as will the responsibility for taking the necessary

actions and the potential benefits that may accrue to the

fishery if the funds are spent. Priorities for action will be

scheduled, as required, for task(s) accomplishment.

A recommended approach for coordinating the manage-

ment program will be outlined, including responsibilities for

assuring implementation of the plan. A system for monitor-

ing and evaluating the effectiveness of the management

program will be designed.

The Gulf Coast Research Laboratory, with the aid of

representatives from the Gulf states (Florida Department of

Natural Resources, Alabama Department of Natural Re-

sources, Mississippi Marine Conservation Commission, Lou-

isiana Wild Life and Fisheries Commission, and Texas Parks

and Wildlife Department), National Marine Fisheries Service

laboratories and other appropriate agencies, will develop

from existing secondary data and necessary interview data a

concise description of the Gulf menhaden fishery. Periodic

planning and workshop conferences will be conducted in co-

operation with the Gulf States Marine Fisheries Commission.

GEOLOG Y SECTION

Mississippi Offshore Inventory and Geological Mapping
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Project (Funded by Mississippi Marine Resources Council

and Gulf Coast Research Laboratory): This project con-

sisted of mapping and describing sediments of the bottom

and subbottom of Mississippi Sound. Additionally, the

erosional-accumulation conditions on the mainland, several

islands and human activities influencing them were studied.

Geological Cross-Sections Under the Sound (Funded by

Mississippi Marine Resources Council): A report with il-

lustrations, completed and submitted in January 1976, will

be published in offset print by the Mississippi Marine Re-

sources Council.

Gulf of Mexico Bottom Sediment Analysis (Funded by

National Marine Fisheries Service): Analyses of 25 bottom
sediment samples were made for the National Marine Fish-

eries Service at Pascagoula, Mississippi, for their use in cor-

relating with fish habitats for sediment texture types.

Offshore Barrier Island Study (Funded by Gulf Coast

Research Laboratory): This project addressed the geological

history, genetic conditions and present-day slate of six Mis-

sissippi-Alabama barrier islands. Corehole drilling was com-

pleted on Dauphin Island (three coreholes). Petit Bois

Island (three coreholes) and Horn Island (five coreholes)

through contractors using thread-mounted rotary rigs. The
U.S. National Park Service provided barge transportation.

Sediment and micropaleontological analyses of the obtained

samples are in progress.

Study of Heavy Mineral Content, Distribution and Origin

of Miocene Coastal Sedimentary Units (Funded by Gulf

Coast Research Laboratory): Formations play an important

part in the makeup of the Mississippi coast and as aquifers.

The stratigraphic problems involved are being studied in

cooperation with Mississippi Geological Survey.

MICROBIOLOGY SECTION

Pollution Indicator Bacteria Studies in Selected Areas of
the Mississippi Sound (Funded by Gulf Coast Research

Laboratory): Water samples were collected monthly from

63 stations. Stations were located in Biloxi Bay, in four

transects across the Mississippi Sound and on the beaches of

Horn and Ship Islands. Samples were subjected to bacterio-

logical analysis for coliforms and fecal coliforms.

Microbiology of Crabmeat and Sanitation in Crab Proc-

essing Plants (Funded by Gulf Coast Research Laboratory):

Several crab processing plants in Mississippi are being visited

regularly to make microbiological evaluations of the quality

of their products at each step in processing. In addition, a

study is being made of the bacteria associated with crab-

mcat as it undergoes the spoilage process.

Microbiology of Estuarine Sediments (Funded by Gulf

Coast Research Laboratory): Currently, studies are being

made of the distribution, taxonomy and ecology of bacteria

of the genus Bacillus in estuarine sediments.

Persistence and Degradation of Insecticides in Estuarine

Water and Sediment (Funded by Gulf Coast Research Lab-

oratory): Investigations have continued regarding the deg-

radation of malathion, parathion, methyl parathion, and

diazinon in estuarine water and sediment. Emphasis has

been on the metabolism of these organophosphorus in-

secticides by pure culture bacteria indigenous to the sedi-

ment of the Mississippi Sound estuary system. Work involv-

ing malathion and parathion has essentially been completed,

resulting in various publications. Investigations concerned

with methyl parathion and diazinon are in progress.

In addition to studies concerning the organophosphate

insecticides, an attempt is currently underway to isolate

into pure culture a bacterium or fungus capable of degrad-

ing mirex, a chlorinated hydrocarbon insecticide. To date,

the microbial degradation of mirex has not been demon-

strated.

Insecticide Persistence in Natural Seawater as Affected

by Salinity, Temperature, and Sterility (Funded by U.S.

Environmental Protection Agency): The objective of this

research is to determine the effect of salinity, temperature,

and sterility on the persistence and degradation of malathion,

parathion, methyl parathion, diazinon, and methoxychlor

in natural seawater. Three temperatures (10°, 20° and 30°C)

and four salinities (0, 10, 20 and 28 ppt) are employed in

these investigations. Results to date indicate that abatement

of the organophosphate insecticides is directly proportional

to salinity and inversely proportional to increasing tempera-

ture. Insecticide disappearance appears to be the result of

both chemical and biological mechanisms.

MICROSCOPY SECTION

Some Parasites and Diseases of Estuarine Fishes in Pol-

luted Habitats of Mississippi (Funded by Gulf Coast Re-

search Laboratory): Studies were initiated on a variety of

parasites and pathological processes of commercially im-

portant fishery species and are still in progress, in collabora-

tion with the Section of Parasitology (see).

Internal Lymphocystis of the Silver Perch (Funded by

Gulf Coast Research Laboratory): This study of lympho-

cystis disease of various internal organs, with emphasis on

cardiac lesions, neared completion by the end of the year.

OYSTER BIOLOGY SECTION

Oyster Spat MonitoringProgram
,
BiloxiBay and Adjacent

Waters (Funded by Gulf Coast Research Laboratory): This

project is concerned with basic biological research on settle-

ment and growth of oyster “spat” in various areas of

Mississippi Sound.

Cestode Parasites of Oysters and Other Edible Mollusks

of the Northeastern Gulf ofMexico (Funded by Gulf Coast

Research Laboratory): This study dealt with the effects of

oyster predators and pathogens.

Biological and Ecological Studies of the Oyster Boring

Clam (Funded by Gulf Coast Research Laboratory): This

is a study of the effects of boring clams, including their dis-

tribution, abundance, reproduction and their effect on Mis-

sissippi Sound oysters.

The section was instrumental in making it possible for

ihe Laboratory to establish the first seed oyster hatchery

(see) in the Gulf of Mexico region in cooperation with the

Mississippi Marine Resources Council. The section has charge

of the hatchery which is now operational and continues to
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increase its production of seed oysters for research and

development projects in Mississippi.

PARASITOLOGY SECTION

Parasites of Commercially Important Fishes (Funded by
National Marine Fisheries Service and Gulf Coast Research

Laboratory): This project primarily concerns the use of

parasites of Atlantic croaker to indicate migratory and feed-

ing behavior of the fish. Feeding habits of several local fin-

fishes arc being investigated. The project also covers aspects

of the effects of selected parasites on several different hosts.

Parasites of Marine Animals in the Northern Gulf of
Mexico (Funded by Mississippi-Alabama Sea Grant Program

and Gulf Coast Research Laboratory): This project is

divided into studies dealing with parasites infecting finfishes

and shellfishes of commercial interest, and those capable of

infecting or causing disease in man. The latter studies were

concerned with parasites that cause dermatitis and those

that can infect or cause disease in man if infected hosts are

eaten raw or inadequately prepared.

Studies on Helminths of the Northern Gulf of Mexico
Region (Funded by Gulf Coast Research Laboratory): A
determination of parasites of hosts was made in this study.

It included life histories of the parasites and the relationship

between parasites and hosts.

A Study of the Diseases of Fish of Mariculture Potential:

Parasites and Parasite-Borne Diseases of Red Sea Mullets

(Mugilidae) (Funded by U.S.-Israel Bi-National Foundation):

This project was conducted under the auspices of the United

States-Israel Bi-National Science Foundation, in collabora-

tion with Dr. ilan Paperna, Marine Biological Laboratory,

The Hebrew University, Elat, Israel.

Because Mediterranean mullets have been maintained

successfully in ponds and because disease in those fish is a

serious problem, the diseases of Red Sea mullets are being

studied to judge their potential in culture. Emphasis also

centers around heterophyid infections, since these trema-

todes can be transmitted to man.

PHYSICAL OCEANOGRAPHY SECTION

Mississippi Sound Hydrographic Study (Funded by Mis-

sissippi-Alabama Sea Grant Program and Gulf Coast Re-

search Laboratory): This project has the multiple objec-

tives of: describing the tidal-current patterns; construction

of cophase charts; and delineating the distribution of

nutrients and salinity. Additionally, much of the tidal and

physical constituent data will be employed in the develop-

ment and calibration of a mathematical model of Mississippi

Sound.

Characterization of Tidal Bayou and Development of
Statistical Evaluation/Monitoring Techniques (Funded by

Gulf Coast Research Laboratory): While much emphasis

has been placed on research in open estuarine waters, very

little work has been done in the most critical areas, the

contributaries—especially the tidal bayous. Data to ascertain

the most useful of parametric statistics to characterize the

system have been collected for the past two years. In

addition to establishing these baseline statistics, statistical

techniques are being developed for monitoring the bayous

for changes that might ordinarily go unnoticed using the

usual methodology.

PHYSIOLOGY SECTION

Studies on the Time Course of Salinity and Temperature

Acclimation in Brown Shrimp Penaeus aztecus Ives (Funded

by U.S. Army Corps of Engineers): The objective of this

study was to determine the rates at which brown shrimp

adapt to changing Conditions of salinity and temperature.

This information was totally lacking and the results are

important in basic and applied research, particularly in

maricultuTe. The brown shrimp were tested both by direct

transfer from control salinity and temperature conditions

and by acclimating them in control salinity maintained at

three temperatures. The level of adaptation in different

conditions was determined on the basis of attaining a steady

state in the regulation of blood osmotic and ionic concen-

trations and in oxygen consumption rates. In the second

phase of this project, a study was made of the effects of

deviated ion-ratios in the water media on the survival and

behavioral responses of brown shrimp. Also, attempts were

made to define the lethal ion-ratio deviations in coastal

waters for brown shrimp.

Evaluation of the Nutritional Value of Grass from High

Marsh Areas from Brown Shrimp Penaeus aztecus Ives

(Funded by Mississippi Marine Resources Council and Gulf

Coast Research Laboratory): The objective of this study,

to be initiated July 1, 1976 and conducted in conjunction

with the Section of Microbiology, is to determine the

feasibility of using high marsh grasses as a supplemental

feed for young shrimp. Shrimp shell waste from the canning

industry will also be evaluated as a nutrient source. Should

these experiments provide satisfactory growth rates, it will

be possible to prepare food for shrimp and other crustaceans

more economically with the available natural ingredients.

Studies on the Molting Frequency of Small Post/arval

Brown Shrimp Penaeus aztecus Ives in Relation to Salinity

(Funded by Gulf Coast Research Laboratory): The objec-

tives of this study are to determine the role of salinity

changes on the molting frequency and resultant growth

rates of young brown shrimp. This data will be correlated

with behavioral, growth and survival rate data, already

obtained from earlier studies, to determine optimal rearing

salinities for the various postlarval stages.

SYSTEMATIC ZOOLOGY SECTION

Collections were obtained in the Panama Canal and

adjacent areas during January 1976; a trip was made to

Belize during April. This work was conducted in coopera-

tion with the Smithsonian Institution.

Systematic and distributional studies continued on the

families Microdesmidae, Gobiidae, Dactyloscopidae and

Syngnathidae. Reviews of the Indo-Pacific pipefish genera

Corythoichthys and Lissocampus were completed. A large

amount of data leading to a synopsis of pipefishes currently
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referred to as the genus Icthyocampus was accumulated.

Work was initiated on studies leading to a review of the

Atlantic sand stargazers (Dactyloscopidae). Work continued

on the review of Atlantic pipefishes and other long-term

projects. In connection with these matters, studies were

made on fishes in the collections of the Philadelphia Acad-

emy of Sciences and the National Museum of Natural

History.

SPECIAL FACILITIES

MARINE EDUCA TION CENTER

Visitations to the Marine Education Center have shown
a dramatic increase from 13,750 in fiscal year 1975 to

19,675 in fiscal year 1976. With the construction of a larger

facility in the future, it is anticipated that the Center will

attract in excess of 200,000 visitors annually.

Twenty-one teachers have taken the advanced course,

“Advanced Studies in Marine Science for Teachers,” offered

at the Marine Education Center, and 74 teachers have

completed the introductory course, “Basic Techniques in

Marine Science for Teachers.” A third course, “Marine

Science for Elementary Teachers,” has been written and

approved and is to be offered at a later date.

The Curator of the Center acts as a consultant to Marine

Life, IncM of Gulfport. Mississippi, concerning proper pro-

cedures for maintaining local marine animals. In addition,

the Curator instituted a research project with a graduate

student in an effort to determine the causative agent for

“Paisley’s Disease” which has infected several of the dolphins

owned by Marine life.

Educational pamphlets for the elementary student have

been published concerning the crawfish and the Atlantic

bottlenosed dolphin. Future efforts in this area will con-

centrate on a series treating local game fish.

OYSTER HATCHERY

The Oyster Biology Section completed the design and

construction phases of the oyster hatchery in 1975 and it

entered an operational testing phase. Hatchery personnel

began improving oyster culture techniques, equipment op-

eration and maintenance, technical processes, etc., and inte-

grating them into a functional and operational pilot seed

oyster hatchery. Millions of attached and unattached (cultch-

less) seed oysters are being reared on a continuous basis in

the hatchery. The seed oysters being reared now are used

for various experimental purposes, including (but not limited

to) the following: staff and graduate student field and

laboratory experiments, cooperative oyster culture experi-

ments with other state agencies and interested parties, and

bioassaying. Excess seed oysters will be used for reef re-

habilitation trials.

The seed oyster hatchery is providing evidence that such

a culture facility is practically feasible (i.e., is capable of

producing millions of attached and cultchless seed oysters)

and can play a major role in the development of intensive

oyster culture in Mississippi Sound and adjacent waters.

The knowledge gained from the oyster hatchery research

will eventually assist the Mississippi Sound oyster industry

by increasing production in unpolluted areas or by rejuvenat-

ing formerly productive reefs. The hatchery should also

demonstrate the commercial potential for private seed oyster

hatcheries in Mississippi Sound and the northern Gulf of

Mexico. The hatchery’s potential as an educational and re-

search facility in the years to come is, perhaps, its greatest

value.

THE GUNTER LIBRARY

During the fiscal year, 308 books and 1,212 reprints

were accessioned. Numerous back issues of journals were

purchased with special Library Improvement Funds appro-

priated by the Mississippi Legislature. Major gifts from

individuals included a personal library valued at $14,000

from Dr. Harry J. Bennett of Louisiana State University,

and a collection of 4,500 reprints and separates from Dr.

Jean Piatt of the University of Pennsylvania. The personal

reprint collection of Dr, Gordon Gunter, Director Emeritus,

was placed in the Controlled Circulation section. The reprint

cataloging program was revitalized with the assignment of

one extra typist and a number of graduate students to the

task.

A Library Committee was formed in October 1975 and

as a result of their recommendations a six weeks course in

Library Science was conducted for the Library assistants

and aides. The Committee was also instrumental in the

development of modified circulation systems, in acquiring

needed equipment, and in setting up the graduate student

reprint cataloging program.

ICHTHYOLOGY RESEARCH MUSEUM

The Museum, part of the Systematic Zoology Section,

cataloged 1,004 lots of fishes, representing about 10,000

specimens. The total vertebrate holdings now include 14,894

cataloged lots, approximately 140,000 specimens.

A number of loans and exchanges were made with other

institutions in the United States and elsewhere. Numerous

identifications were made on materials sent by workers in

Surinam, Nicaragua, Mexico, Australia, Hawaii, Panama,

Samoa and the United States.

Gifts or exchange specimens were received from the

National Museum of New Zealand; University of Nicaragua;

University of Panama; Western Australian Museum; Zoolo-

gische Museum, Kanpur, India; National Museum of Natural

History (Smithsonian Institution); California Academy of

Sciences and other institutions.

The Museum was designated as one of five major Regional

Ichthyological Collections in the final report of the American

Society of Ichthyologists and Herpetologists Advisory Com-

mittee on collections.

The Gulf Coast Research Laboratory is a member institu-

tion of the Association of Systematic^ Collections.

WATER ANAL YSIS LABORA TOR Y

This facility is operated by the Analytical Chemistry
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Section. During the year, water analyses were performed

for the sections of Physical Oceanography, Botany, Parasi-

tology, Ecology and Anadromous Fishes. In addition,

samples were processed for Marine Life of Gulfport, Mis-

sissippi. The Mississippi Marine Resources Council contracted

for a variety of analyses on waters from the Pascagoula

River.

A total of 2,185 separate analyses were conducted, in-

cluding analyses for nitrate (382), nitrite (358), total phos-

phorus (382), orthophosphate (382), ammonia (42), salinity

(41), chlorophyll (28), phaeophytin (28), DO (4), sulfate

(12), total suspended solids (60), pH (53), silicate (24),

turbidity (48), alkalinity (29), COD (24), fluoride (24),

cyanide (24), Kjeldahl (24), and nine heavy metals (24).

COMPUTER SECTION

The Computer Section underwent an overall streamlining

and improvement program, which included the updating of

existing data files, development of higher level statistical

and graphic programs, production of an ongoing accounting

system and the cross-training of all section personnel.

Equipment was acquired to execute, as soon as possible,

a tie-in of the Laboratory’s IBM 1130 Computer with the

Xerox Sigma IX Computer at the University of Southern

Mississippi, Hattiesburg.

PUBLIC INFORMA TION/PUBLICATIONS SECTION

This Section prepared news releases on a variety of news-

worthy subjects and distributed to 50 selected daily and

weekly newspapers, television and radio stations, wire serv-

ices, and special correspondents. Comprehensive articles on
the Laboratory were prepared for use in “special editions”

of the Mississippi Press (March 1976) and the Sun-Herald

(July 1976).

Numerous briefings on the Laboratory and guided tours

of the facilities and research projects were provided to an

average of one high school science class per week during the

school year and to special groups such as junior high school

principals, junior college students, and Laboratory summer
students.

Gulf Research Reports

,

Volume 5, Number 1, was the

first issue in the new 8 Vi x 1 1 inch page size and contained

62 pages, which included four technical papers and two

short communications. Three of these were authored by

Laboratory personnel. In December 1975, about 800 copies

of the journal were mailed, including 270 to foreign

countries. The Reports are exchanged for 102 foreign pub-

lications and 58 stateside publications.

Copy editing and manuscript setting for Volume 5,

Number 2, began in December 1975. By the end of the

fiscal year five technical papers and two short communica-

tions had been accepted for publication, set and proofed.

Gulf Research Reports titles are now listed in Marine

Science Contents Tables, Aquatic Sciences and Fisheries and

Current Contents)Agriculture, Biology and Environmental

Sciences.

The Section also writes, edits, sets, proofs and lays out

copy for the Laboratory newsletter, Marine Briefs, which

is written in non-technical language; it was mailed each

month to an average 3,280 recipients. Any organization or

individual interested may receive this publication.

Two slide programs with printed and taped narrations

were produced on different aspects of the seafood industry

and are now available on request. The first program, en-

titled “The Canning of Shrimp in Mississippi” was made
with the cooperation of Southern Shell Fish Company,
Biloxi. The second program, entitled “The Packing of Raw
Oysters by Mississippi Processors,” was made with the co-

operation of the E. M. Gollott Company, Biloxi. Copies of

the programs have been donated to the Mississippi Museum
of Natural Science, Jackson.

Production of a 15-minute taped radio program called

“On Course,” began in January 1976. It was accepted by

five local stations and is being broadcast on a weekly basis.

By the end of June, 23 programs had been aired and they

involved 23 members of the Laboratory staff, faculty and

students, plus 10 invited guests representing as many other

state and federal agencies and political subdivisions.

ACADEMIC PROGRAM

SUMMER SESSION

During the 1975 summer academic session, 102 students

registered individually for a total of 145 student courses.

Formal courses offered during that session were:

Marine Botany

Salt Marsh Ecology

Marine Chemistry

Physical Marine Geology

Chemical Marine Geology

Introduction to Marine Zoology

Marine Invertebrate Zoology

Marine Vertebrate Zoology

Aquaculture

Marine Ecology

Marine Fisheries Management

Basic Techniques in Marine Science for Teachers

Special Problems in Marine Science

Forty-four students registered through Mississippi schools,

56 through out-of-state affiliates and 2 through nonaffiliated

out-of-state institutions. The 1975 session showed a 5 per-

cent increase in students over the 1974 session.

As an adjunct to the academic program, the Laboratory

each year provides, at nominal costs, living accommodations,

classroom laboratories, and essential services to visiting

scientific field trip groups made up of college and university

students and their professors. These groups may stay for

periods of up to several weeks, live in the dormitories, use

Laboratory boats to make collections of marine life from

the sea and from the beaches of offshore islands, and study

their specimens in the classioom laboratories, There were

44 visiting field trip groups in the past year. Some came

as far as 2,000 miles to study marine life in the Gulf of

Mexico.
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AFFILIA TED ACADEMIC INSTITUTIONS

INSTATE

Alcorn State University, Lorman, MS
Belhaven College, Jackson, MS
Delta State University

, Cleveland, MS*
Jackson State University, Jackson, MS*
Millsaps College, Jackson, MS
Mississippi College, Clinton, MS*
Mississippi State University, Mississippi State, MS*
Mississippi University for Women, Columbus, MS*
Mississippi Valley State University, Itta Bena, MS
University of Mississippi, University, MS*
University of Mississippi Medical Center, Jackson, MS*
University of Southern Mississippi, Hattiesburg, MS*
William Carey College, Hattiesburg, MS

OUT-OF-STATE

Auburn University, Auburn, AL*
Arkansas Tech University, Russellville, AR
Hendrix College, Conway, AR
Berry College, Mount Berry, GA
North Central College, Naperville, IL
Iowa State University, Ames, 1A*

Wartburg College, Waverly, IA

Westmar College, LeMars, I

A

St. Joseph's College, Rensselaer, IN

Louisiana State University, Baton Rouge, LA*
Louisiana State University Medical Center, New Orleans,

LA*
McNeese State University , Lake Charles, LA*
Northeast Louisiana University, Monroe, LA*
Southeastern Louisiana University, Hammond, LA*
Central Methodist College, Fayette, MO
Northeast Missouri State University, Kirksvllle, MO*
Northwest Missouri State University, Maryville, MO*
Southeast Missouri State University, Cape Girardeau, MO*
Southwest Missouri State University, Springfield, MO*
Queens College, Charlotte, NC
Jamestown College, Jamestown, ND
Bowling Green State University, Bowling Green, OH*
Southwestern Oklahoma State University, Weatherford,

OK*
Coker College, Hartsville, SC
Presbyterian College, Clinton, SC
Lambuth College, Jackson, TN
Memphis State University, Memphis, TN*
Southwestern at Memphis, Memphis, TN
Tennessee Technological University, Cookeville, TN*
Tennessee Westleyan College, Athens, TN
Union University, Jackson, TN
University of Tennessee at Martin, Martin, TN*
University of Tennessee at Nashville, Nashville, TN
Southern Methodist University, Dallas, TX*
University of Washington, Seattle, WA*
*INSTITUTIONS WITH GRADUATE PROGRAMS
New Affiliates: Louisiana State University Medical Cen-

ter at New Orleans; the University of Tennessee at Martin;

and the University of Washington at Seattle, became affil-

iated with the Laboratory during this fiscal year.

GRADUATE RESEARCH PROGRAM

During the year, five students were accepted into the

Laboratory graduate research program, one student com-
pleted his degree and one student withdrew. At present

there are in residence seven candidates for the master’s

degree and six candidates for the doctorate.

Each candidate's name, thesis title, degree sought and

home university are listed below according to research

sections directing their work:

Ecology Section: Jerry A. McLelland, “The summer
vertical distribution of Chaetognatha in the northeastern

Gulf of Mexico,” M.S., University of Southern Mississippi.

John P. Steen, Jr., “Factors influencing the spacial and

temporal distribution of selected crustacean plankton species

in Davis Bayou,” Ph.D., University of Mississippi.

Environmental Chemistry: Sharon H. Walker, “An en-

vironmental survey of fatty acids in the northeastern Gulf

of Mexico,” M.S., Louisiana State University.

Microbiology Section: John D. DeMond, “Amphipod
fouling of an artificial reef in the north central Gulf of

Mexico,” M.S., University of Southern Mississippi.

Microscopy Section: Carolyn A. Foster, “Ultrastructure

of the gill of the brown shrimp, Pcnaeus aztecus Ives in rela-

tion to salinity variations,” M.S„ University of Southern

Mississippi.

Oyster Biology> Section: David A. Blei, “A successional

study of the hydrozoans inhabiting an artificial reef in the

north central Gulf of Mexico,” M.S., University of Southern
Mississippi.

Neil Cave, “Predator-prey relationships involving the

American oyster Crassostrea virginica Gmelin, and the black

drum Pogonias crornis Linnaeus, in the Mississippi Sound,”

M.S., Southeastern Louisiana University.

Alfred P. Chestnut, “Substrate competition between

Crassostrea virginica Gmelin and associated sessile marine

invertebrates,” Ph.D,, University of Southern Mississippi.

Katherine A. McGraw, “A comparison of the growth

and survival rates of hatchery reared and natural oyster spat

at selected locations in Mississippi Sound and adjacent

waters,” Ph.D., University of Washington.

Parasitology Section: Daniel R. Brooks, “Systematic

studies on the digenetic trematodes of crocodilians with

emphasis on the family Acanthostomidae,” Ph.D., University

of Mississippi.

Richard W. Heard, “Microphallid trematode metacercariae

in tiddler crabs of the genus Uca from Mississippi,” Ph.D.,

University of Southern Mississippi.

Tom E. Mattis, “Larval development of two trypan-

orhynch ccstodes from Mississippi Sound,” Ph.D., University

of Southern Mississippi.

Mobashir Ahmad Solangi, “Pathological changes in some

estuarine fishes when challenged by crude oil fractions,”

Ph.D., University of Southern Mississippi.
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SPECIAL AND COMMUNITY SERVICES

PUBLIC SEMINARS

The Gulf Coast Research Laboratory hosts a series of

staff seminars throughout the year. These seminars are

open to the public and speakers include invited scientists

as well as officials from various levels of local, state and

federal governments. The central purpose of the seminars

is to promote better dissemination, understanding, and use

of scientific information at all levels of society. Seminars

presented during fiscal year 1976 were as follows:

“Marine Studies in the Ole Miss Pharmacognosy Depart-

ment

”

by Dr. Norman J. Doorenbos, Department of Phar-

macognosy, University of Mississippi, July 8, 1975.

“Oenology Research at Mississippi State University " by
Dr. B. J. Stojanovic, Department of Horticulture, Mississippi

State University, August 5, 1975.

“There is More Wealth in an Acre of Sea than in an

Acre ofLand” by Mr. Edward A. Khayat, President, Jackson

County Board of Supervisors, September 9, 1975.

“Requirements for a Fishery Management Program in

Mississippi’s Marine Fisheries’ ' by Mr. Charles H. Lyles,

Director, Mississippi Marine Conservation Commission, Octo-

ber 7, 1975.

“Mississippi Sandhill Crane-Surrender or Survival

"

by
Dr. Robert E. Noble, Department of Forestry and Wildlife

Management, Louisiana State University, November 4, 1975.

“Fate of Nitriloacetie Acid (NTA) in Estuarine Waters
"

by Dr, A1 W. Bourquin, U.S. Environmental Protection

Agency, Gulf Breeze Environmental Research Laboratory,

December 9, 1975.

“Cultural Resource Studies- Continental Shelf—Northern

Gulf of Mexico

”

by Dr. Sherwood Gagliano, Coastal En-

vironments, Inc., January 27, 1976.

“Tornadoes” by Dr. Robert G. Watts, Department of

Mechanical Engineering, Tulane University, February 24,

1976.

“The Mississippi Sound’s First Seed Oyster Hatchery"

by Dr. Edwin W. Cake, Jr., Head, Oyster Biology Section,

Gulf Coast Research Laboratory, March 9, 1976.

“Relationship of Law to the Marine Scientist

”

by Mr.

Joel Biass, Attorney, Legal Counselor, Gulf Coast Research

Laboratory, March 16, 1976.

“Overview and Future Plans of the Mississippi Park

Commission” by Dr. James Meredith, Director, Mississippi

Park Commission, April 20, 1976.

“Evolution-What do the Experts Say?” by Mr. Robert

Allen, Microscopy Section, Gulf Coast Research Laboratory,

May 18, 1976.

SYMPOSIUM ON COASTAL ZONE

The Gulf Coast Research Laboratory convened and

sponsored, along with the Mississippi Academy of Sciences,

Mississippi-Alabama Sea Grant Consortium, Mississippi Ma-

rine Resources Council and the Mississippi Marine Conserva-

tion Commission, a Symposium on the Mississippi Coastal

Zone Environment in conjunction with the Annual Meet-

ing of the Mississippi Academy of Sciences on March 4,

1976.

The purpose of the symposium was to tell the general

public as well as interested scientists about work being

done on the management of coastal zone resources, ascer-

tain new problems and possible solutions, and discuss future

needs in research and management.

Speakers who took part in the symposium and the titles

of their papers are listed below;

“Geological evolution and recent geology of the Mis-

sissippi-Alabama Gulf coast" by Dr. Ervin Otvos, Section

of Geology, Gulf Coast Research Laboratory.

“An overview ofMississippiSound hydrography: changes,

forces, interactions and implications” by Mr. Charles K.

Eleuterius, Section of Physical Oceanography, Gulf Coast

Research Laboratory.

“Hydrocarbons in the northeastern Gulf of Mexico”

by Drs. Julia and Tom Lytle, Section of Environmental

Chemistry, Section of Analytical Chemistry, Gulf Coast

Research Laboratory.

“Pesticide levels in the Mississippi coastal zone” by

Dr. William W. Walker, Section of Microbiology, Gulf Coast

Research Laboratory.

“Distribution of fecal pollution indicator bacteria in

waters of the Mississippi Sound ” by Dr. David W. Cook,

Section of Microbiology, Gulf Coast Research Laboratory.

“Evaluating the value of marshlands

”

by Dr. Armando
A. de la Cruz, Department of Zoology, Mississippi State

University.

“The seasonal periodicity of seagrasses and seaweeds

in Mississippi waters and their contribution to the marine

environment” by Dr. Lionel N. Eleuterius, Section of Botany,

Gulf Coast Research Laboratory.

“Food chains in the Mississippi coastal zone” by Dr.

Robert A. Woodmansee, Section of Ecology, Gulf Coast

Research Laboratory.

“Salt water angling in Mississippi” by Mr. Thomas D.

Mcllwain, Section of Anadromous Fishes, Gulf Coast Re-

search Laboratory.

“Coastal zone management and marine resources” by Mr.

J. E. Thomas, Director, Mississippi Marine Resources Council.

The symposium was co-chaired by Dr. H. D. Howse,

Director, and Dr. G. Gunter, Director Emeritus* Gulf Coast

Research Laboratory.

These papers will appear in the Journal of the Mississippi

Academy of Sciences, Volume XXI, scheduled for publica-

tion in the fall of 1976.

SYMPOSIUM ON MISSISSIPPI FISHERIES

In April, Gulf Coast Research Laboratory conducted a

one-day symposium on Mississippi Fisheries for selected per-

sonnel of the Mississippi Research and Development Center.

Members of the Gulf Coast Research Laboratory staff

briefed the R&D Center personnel on conditions within the

shrimp, bait shrimp, blue crab, oyster, and both commercial

and sport finfish fisheries.

Representatives of seafood processors, raw stock seafood

wholesale and retail businesses and Sea Grant Advisory

Services also participated in the symposium.
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