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NATURAL HISTORY AND CONSERVATION OF REDFILSH AND
OTHER COMMERCIAL SCIAENIDS ON THE TEXAS COAST

By John C. Pearson
INTRODUCTION
General Problem

In the summer of 1925 the United States Bureau of Fisheries, heeding a demand from
Texans for more specific information as to the actual status of their coastal marine
fisheries, conducted a short survey of those fisheries. The results of the study were
presented in a Preliminary Report on the Marine Fisheries of Texas, by Higgins and
‘Lord (1926), in which the character of the fisheries was discussed in the light of
their past and present yields. A logical recommendation given in this report was for
the immediate initiation of biological imvestigations that would include primarily
extended study of the life histories of various marine food fishes of the State.

Having complete control of its commercial fisheries, Texas has been alarmed for
some time as to the possibility that serious depletion of its shore fisheries would
occur before any steps could be taken to insure a permanent supply of food fish. Many
prohibitive laws have been passed, unfortumately, without sufficilent knowledge of the
" 1ife histories of the fish to allow rational conservation of the fish stock as well as
:~~intelligent utilization and development of the fisheries. The people most interested
in the future welfare of the marine resources of Texas are beginning to reglize that a
‘fundamental prerequisite for adequate fisheries legislation is an accurate, unbiased
knowledge of the life histories of the food fish entering into the fisheries.

AIM OF THE INVESTIGATLON

The natural histories of the three leading food fishes of coastal Texas-~the redfish
(Sciaenops ocellatus), the black drum (Pogonias cromis), and the spotted sea trout
(Cynoscion nebulosus)--have been little understodd in any section of the distribution
of these species. Along the Texas coast serious debates often arise as to the habits
of the redfish, drum, and spotted trout, with special reference to the location of
spawning areas and the distribution of young and adult fish. Reliable information

. concerning the life histories of these most valued shore fishes is of much interest,

, both from a popular standpoint and the point of view of those individuals that are

" intrusted with the conservation of the natural resources of Texas. To furnish this
sound basis for conservation, the first of a series of gcilentific fishery investigations
was undertaken to ascertain, primarily, the location of the spawning grounds, rdate of
growth, seasonal distribution, and movements of the redfish, black drum, and spotted
seg trout.

*

g'f Ag a result of the support of the Texas Game, Fish, and Oyster Commission, which

i ‘consisted in furnishing a fishing boat and crew, various launches, as well as other
5§j@quipment and services, the bureau is able to present the following paper, embodying the
2" regults and conclusions of 14 months' fileld observations and collections along the

i B 3
7 zoast of Texas., These observations, conducted continuously from April, 1926, to
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;mTung, 1927, included studies on the natural history of the croaker (Micropogon undu-

atys) and the spot (Leiostomus xanthurus), fishes of sacondary commercigl importance
in Texas but of considergble value along the Atlantic coast.

DESCRIPIION OF TEXAS COAST

The entire coast line of Texas, from the mouth of the Sagbine River in the north to
the mouth of the Rio Grande in the south, extends along the Gulf of Mexico for nearly
. 400 miles. The greater portion of the coast is bordered by & chain of low, sandy
barrier islands, which separate the many coastal bays and lagoons from the Gulf of
Mexico and through. which run the various passes that conmect the inland waters with the
Gulf, The coast line following the winding shores of these many bays, lagoons, and
coves extends about: 2,000 miles along the mainiand.

A central coastal section, extending, roughly, from Copanc Bay on the north to
Baffin Bay on the south, provides an extremely diverse system of intercoastal and
Gulf waters. Many types of marine enviromment are to be found within this general
area, in which the greater part of the field work centered and which, for the purposes
of the investigation, appeared to satisfy the demand for an area of observation that
would be representative of the entire coast lineg

: ‘The Gulf of Mexico is the fundamentgl source of all the marine life found within
the intercoastal waters. Without the incoming tides the shallow bays and lagoons would
be subject to such extreme temperatures and salinities as to render the exlstence of
much marine life highly improbable., At .the present time Laguna Madre, a long, narrow
“ﬁlagoon having poor circulation of water with the Gulf of Mexico, often reaches such
* igh salinity through excessive evaporation in summer as to kill thousands of fish
trapped in the lagoon by shallow water. In spring large quantities of Gulf water pour
into the bays, bringing along e new supply of marine organisms, which usually linger
within the intercoastal waters until the approach of cold.weather.

Water from the Gulf enters the bays by the passes or inlets through the ‘barrier
islands. Because of the relatively slight tidal action, many of the more remote bays
and lagoons do not attain a salinity equal to that of the Gulf and approach the charac-
ter of brackish water. Two passes--Aransas and Corpus Christi--are included in the

~section of Texas coast represented in Figure 1.

Aransas Pass 1s an artificial or dredged channel, which has been enlarged from a
relatively shallow, natural inlet to a deep, jettled pass, through which merchant ships
go on their way to the inland port of Gorpus Christi, The pass is about .2 miles long,
1,000 feet wide, 30 feet deep, and 1s protected against erosion by a pdir of rock
jetties stretching out into the Gulf about & mile from the shore line. Many observers
believe that natural entrance of schools of fish into the bays is hindered by these
barriers along the shore line. While no data exist to support or deny this contentionm,
the writer found that the rocks at Aransas Pass had a decided tendency to impede the
entrance of many larval and young croakers and spots into the bays. The deepened con-
dition of .the pass, resulting from continual dredging, allows more water to enter than
would be possible if the pass were continuaglly filled with sand, such as the case with
most of the natural passes along the coast. The effect of the dredging in the pass,
~ however, could hardly be called beneficial to the particular species of fish found to
_Bpawn at the mouths of the passes,

Corpus Christi Pass, lying at the head of Laguna Madre and about .20 mileslaouth of
Argnsaes Pass, is & small, natural channel through which not even a small power boat
can navigate on account of the ever-present sand bars in and about the pass. At the time



of the investigation in 1926 and 1927 this pass was shout 1,000 feet long, 100 Sest
wide, and about 6 feet deep in the middle of the chawnel. It may chaoge ifs shape and
depth after each severe storm and at tiwes may be almost closed bty sand Lars.

Tidal action usually gives the passes along the coast but one strong iacoming tide
a day, and little or no water enters if the tide is opposed by strong winds. With the
passes serving as main highways between the Gulf and the intercoastal waters, their
condition is of the utmost importance if a continual interchange of water is to be
maintained.

The largest as well as the deepest of the intercoastal waters included in the
general area of study comprised three main bays: Corpus Christi Bay, with its cribu-
taries covering about 185 square miles, and Aranses and Copano Bays, covering with
their tributaries about 163 square miles. The depth of water in these bays scarcely
exceeds 15 feet, and numerous oyster reefs make much of the total area unmavigabis to
all but boats of the shallowest draft. The bottoms generally consist of hard sand with
soft mud present in the vicinity of river mouths, and the water is often turbid, dus to
the heavy winds that sweep the coast.

Protected indentations of these larger bays, commonly called coves, ars interesting
in that generally they are preferred by fish to the more cpen, larger bays ou account
of the quiet, shallow water, well supplied with aquatic vegetation and organisms
gsuitable for fish food.

' A unique system of smaller bays tributary to the larger ones is common along
certain sections of the coast. These smaller bays, typified by Oso and Nueces Bays,
which empty into Corpus Christi Bay, are extremely shallow and muddy and incidentally
harbor the bulk of the black-drum population. Their average depth is rarely over
3 feet, and excessive turbidity prevails on account of the quantity of silt brought
down by the fresh-water rivers and creeks that empty into these bays.

Stretching from the southeast corner of Corpus Christi Bay to the mouth of the Rio
Grande, a distance of over 180 miles, is the tortuous, extremely shallow Laguna Madre.
This lagoon, except in the vicinity of Baffin Bay, has a depth rarely over 2 to 4 feet,
with a grassy or mud bottom, according to the proximity of sediment-laden rivers or
creeks. The northern half of the lagoon reaching from Corpus Christi Bay to Penascal
Point in Baffin Bay {an enlarged and deeper portion of Laguna Madre), provides a fime
foraging ground as well as a natural trap for the fish that frequent this body of water;
while the general inaccessibility of the region allows the fish considerable protec~
tion from fishing activities, This portion of the lagoon has long been a problem to
conservationists, since a heavy mortality of fish life often occurs during the summer

months from the excessive salinity of the water, resulting from evaporation and lack
of rain.

From Corpus Christi Bay to Baffin Bay the lagoon generally is open to navigation
of shallow-draft sailboats; but below Baffin Bay 1t becomes nothing more than a semidry
mud or sand flat, which extends south to a point about .30 miles above Point Ilsobel,
Texas. Comsequently, very little circulation of water occurg in the vicinity of Baffin
_-Bay. The only sources of fresh water are the small creeks emptying into the bay, and
f salt water, the drift of sea water from Corpus Christi Pass and Bay southward.
With little rainfall on this particular section of the coast, the selt water predominates

nearly all the year in and gbout Baffin Bay as well as in the more northern portions
of the lagoon.
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’ During the summer of 1925 a period of excessive salinity (indicated by high spacific
gravity of the water) occurred in Laguna Madre, which caused saveré mortality of fish
trapped within the lagoon on account of the nearly dry arsas batwsen the section of high
salinity (Baffin Bay) and the desper, less saline waters of Corpus CGhristi Bay and the
Gulf of Mexico. Table 1 presents a series of specific-gravity determinations withia
the particular area of high salinity as well as within other bodies of coastal watsar
not affected, In all, 185 determinations were made throughout the area covered imn
Figure 1, but only the major stations have been given in Table 1. Waters with a low
saline content are denoted by low specific gravity (Nueces and Copano Bays), while
waters with a high content of salts are indicatéd by high specific gravities (Baffin
Bay and Laguna Madre}. Ordinarily Gulf water found about the passe¢s has penerally a
specific gravity of about 1,026, During July and August, 1925, the specific gravity
of the water in Baffin Bay and lower Laguna Madre reached 1.055--twice that of normal
Gulf water near the passes. i

The average precipitation at Corpus Christi for May, June, July,aund Augnst, 1925,
was but 1.26 inches, compared with the normal average for these months of 2.38 inches.
This reduction of nearly ome half of the normal rainfall during the summer of 1925
accounts, at least partially, for the excessive salinities that prevailed in Laguna
Madre. Table 1 indicates a falling specific gravity within Baffin Bay and Lagura
Madre during October, 1925, aund this was due largely to the rainfall during September,
which measured 8.12 inches, compared with the normal for the month of & inchesg.

In the summer of 1926, with the average precipitation during May, June, July, and
August at Corpus Christi slightly above normal (2.78 inches), there appeared no evidence
"T'f excessive or destructive salinity within Laguna Madre. Obviously, the amount of
rain fall during the summer months determines to a great degree the conditions, both
physical and biological, that obtain within this unique salt lagoom.

There remains to be mentioned another type among the coastal waters of Texas.
This is represented by the bayous or channels running into the mainland and islands
from the various bays or comnecting the bays with one another., These bayous are
generally from 10 to 100 feet long, much less in width, and are generally deep, owing
to the action of tidal or wind currents, which keep the water rumning from one bay to
another. Such bayous provide a most important refuge and feeding ground for young
fish of many species, which enter from the spawning grounds in deeper areas. Table 2
presents an interesting catch made within a small bayou or creek in one haul with a
small minnow seine and illustrates the variety of marine fish that prevails within such
an environment.

METHODS
Area of Study

While the territory encompassed in Figure 1 and briefly described on preceding pages
was believed to cover typical environments in which the redfish, black drum, and spotted
sea trout occur it seemed desiragble to divide this extensive area into compact units or
"kep" stations, which could be examined regularly and efficiently for existing fish
populations. A careful study of the fish life occurring at these "key" stations should

_yield a series of facts that finally could be patched together into a life history of
1e species of fish under consideration.
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The greater part of the experimental collecting centered in and aboutr theses ey
localities, including the two passes, Aransas and Corpus Christi; adjacent waters to
these passes, such as Harbor Llsland Chanmel and Bayou, Packery Cnacnel, and the Gulf of
Mexico; the more open bays, such as Corpus Christi, Aransas, and Copano, -together with
various coves (Shamrock and Ingleside) that form restricted portions of these bays; the
more remote intercoastal waters, such as Oso and Nueces Bays, with Laguna Madre; and
the many brackish rivers and creeks flowing into the intercoastal bays and lagoons.
Incidental but important collecting also was conducted in the waters of Baffin, Alazan,
Mesquite, Espiritu Santo, Lavaca, and Matagorda Bays, as well as about Cedar Bayou and
Cavallo Passes and along the shores of the Gulf of Mexico from Cedar Bayou Pass to
Corpus Christi Pass. Much of the territory fished was closed to all forms of net
fishing and consequently provided ideal conditions for an examination of the natural
fish populations.,

SAMPLING OF FISH POPULATION

A perfect method of sampling an unknown fish population requires in the begipn-
ning a perfect knowledge of this population. No detailed observations on the natural
abundance and distribution of the redfish, black drum, or spotted sea trout in any
particular localities along the Texas coast had ever been recorded, and what infor-
mation was available was extremely fragmentary and unreliable. The field operations,
as a matter of sheer necessity, had to be devoted largely to an effort to secure at
definite intervals adequate samples of young and adult figh for data on maturity, time
and place of spawning, age, rate of growth, and seasonal distribution and movements.

_Where and how these fish were to be captured constituted ome of the first problems
" “or the imvestigator to solve.

All catches made by any type of gear were supervised individually by the writer,
and the results were tabulated and filed for future compilation and study. Since the
investigator was in touch with the collecting operations, he was able to sense, by the
changing composition and character of the catch in various localities, any unusual
movements of the fish., As a rule, all food fishes captured were measured by the
writer for total length from the tip of the snout to the end of the mid-caudal (tail)
fin ray, and the sex was determined if the sexual elements were in evidence. All
fish above 5 centimeters were measured in centimeters, while those under this length
generally were measured in millimeters. Due to the great abundance of larval and
young fishes of most species, but a small percentage of the total number secured was
measured for consideration in this paper.

Several explanations may be offered for the lack of egg collections, which appar-
ently are the first things to be sought in an attempt to understand the life history
of any marine fish., Physical difficulties in employing the typical egg-collecting
gear (the fine silk tow nets) were very serious throughout the investigation, owing to
the shallow water and to the hordes of Medusae, or jellyfish, that filled and broke
the nets during the warm months of the year. So abundant are these Medusae that
bathing beaches on Corpus Christi Bay must be screened to prevent the bathers from
becoming severely poisoned by contact with the pests, Furthermore, the heavy seas,
often prevalent at the mouths of the passes in the Gulf of Mexrlco, prevented the small
boat needed for navigation within the shallow bays from operating in the Gulf, where

_the majority of the marine fishes are believed to spawns
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With the securing of larval and young fish of the species desired, and with the
definite indication of the general spawning areas through the nature and distribution
of the newly hatched fish as well as the spawning adults, it was not thought practical
to seek the fish eggs with the time and resources at hand. In future research, however,
an attempt can well be made to colleect the eggs of the redfish, black drum and spotted
trout on the basis of the information presented ih this paper.

COLLECTING GEAR

Since the fishing gear occasioned the most serious error in obtaining a representa-
tive sample from any given locality, strenuous éffort was expended constantly to employ
nets with a wide range in size of mesh, which wéuld cut this inevitable error to a
minimum. Due to the efforts of 4 or 5 experienced fishermen, notable success was had
in the operation of the various types of fishing gear. Drag or haul seines of vary-
ing sizes were the most practical and effective gear that could be used in the shallow
water, while trawls, gill nets, tow nets, trammel nets, and dredges were most applicable
in the deeper waters of the bays or the Gulf.

The frequency of use of any particular type of collecting gear was not considered,
since all fishing operations were conducted ds envirommental conditions and scientific
needs warranted at the time. Factors such as tides, winds, currents, type of fishing
bottom, depth of water, and the kind of material desired were but a few of the limita-
tions influencing the selection of gear. Table 3 predents a list of the types of

__collecting apparatus most generally used.

NATURAL HISTORY OF THE REDFISH, SCIAENOPS OCELLATUS (LINNAEUS)
Redfish, Red Drum, Channel Bass
DESCRIPTION OF ADULT

The adult redfish has an elongate, ragther robust body, with a somewhat elevated
backs The head is long, rather low, with snout bluntish. The mouth is horizontal and
rather large. No barbels are present on the lower jaw. The color is usually silvery
reddish, with each scale having a dark center, these marks forming obscure lateral
stripes along the rows of scales. A most characteristic marking on all adult redfish
is the presence of a jet black spot at the base of the upper caudal or tail fin.
Sometimes several of these spots may be present along the sides of the fish, but one
on each side of the upper caudal is generally the rule. {(See fig. 8)

DESCRLPTLON OF YOUNG

In larval redfish 4 to 5 millimeters in length (0.2 inch) the yolk sac is present
and the dorsal and ventral fin folds are continuous to the caudal fin. The latter is
fairly well developed, as are the vertical fins, although the rays of both dorsal and
anal are indistinct. Ventrals and pectorals are obscure. One or several prominent
groups of brown chromatophores or pigmentation areas are present invariably, and these
serve, by their approximate location, to help to identify the young fish at this small
size. The most pronounced as well as the most constant group lies ventrally along the

._posterior base of the anal, while the others lie, when present, one under both the ‘

" ‘pinous and soft dorsals, and one ventral, slightly posterior to the vent. Often a
group of chromatophores appears between the anal and soft dorsal along the obscure
lateral line and also between the vent and the spinous dorsal. (See figs. 3 and 4.)
Redfish lacking vertical fin rays (fish generally under 7 millimeters) usually can be
digstinguished from larval croakérs (Micropogon undulatus) through the fact that the
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. attex possess no dorsal chromatophores, and both of the ventral ones lie closer to
each other than ever occurs in the redfish. ¢Compare figs. 3,4,33 and 34) Larval
black drum (Pogonias cromis) probably will not be found at the time of the year when
larval redfish occur. The dorsal chromatophores of the young larval drum tend not to
appear until post-larval stages are reached (at about 7 to 10 millimeters). (Compare
figs. 3,4,13, and 14.) Anal-ray counts usually are possible on young redfish at a
length of 6 to 8 millimeters and above. The count of eight soft anal rays distinguishes
the fish from other related species, with the exception of the croaker, which has the
same anal count although a different soft-dorsal count.

At about 7 millimeters the yolk sac on young redfish has disappeared, and only
a small membrane between the vent and the anal fin remains of the larval fin fold.
At this length some fish may have portions of the fin fold still remaining along the
edges of the caudal peduncle, however. The chromatophores generally are more pronoun-
ced, with small markings appearing on the head and along the sides of the body in mno
definite arrangement than can be discerned. (See fig. 4)

Young redfish above 10 millimeters (0.4 inch) rapidly take on much pigmentation,
and at 25 millimeters (1 inch) the color pattern has become most distinctive. The
groynd color at about .25 millimeters is a pale brown, somewhat silvery in fresh speci-
mens. A distinct row of five to seven brown blotches, usually smaller than the eye,
lies, for the most part, along the lateral line, one on the opercle, ome behind, two
or three under the soft dorsal and under the spinous dorsal, and one on the caudal
peduncle. A fainter row of these blotches extends along the back from the nape to
the caudal peduncle, with the number varying both as to size and number, as well as

“"elng more indistinct. A series of dark brown pigment dots extends along the base of
the caudal fin, and a series of chromatophores runs along the base of the anal fin.
The membrane of the spinous dorsal is punctulated with dark brown, and the soft dorsal

is marked likewise, to a somewhat less degree however. Scales and teeth are evident.
(See figs. 5 and 6.)

At about 36 millimeters (1.5 inches) the color pattern remains generally the
same, with the important exception that a pronounced chromatophore enlargement occurs
at the base of the upper caudal. This enlargement is the first appearance of the
océllated black spot that is characteristic of the species until death. (See fig. 7.)

The brown lateral blotches enlarge with the fish.and generally remain until the
latter has reached gbout 15 centimeters (5.9 inches), when they tend to fade and
finally disappear. However, many redfish at 15 centimeters may have lost gll traces
of the blotches and assumed a dull grayish silver hue with a pronounced bluish irides-
cence above the lateral linme. In a fresh specimen this silvery sheen obscures a mass
of finely peppered dots that cover the upper and middle parts of the body and tend to.
form irregular, undulating, brown stripes along the rows of scales. The anal,
pectorals, and pelvics are reddish in cast, with the black ocellated spot on the
upper caudal peduncle most distinct.

SPAWNLNG AND EARLY DISTRIBUTION OF YOUNG

In a consideration of the various phases in the life history of the redfish or
_.red drum the spawning habitat of the adult and the distribution of the young fish
erhaps are of the most general interest., It has been a subject for much debate in
recent years among those who profess an intimate knowledge of Texas coastal waters
as to the exact location of the spawning grounds of the redfish, and while the idea
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is now generally established that the species spawns outside of the barrier islands in
the open Gulf of Mexico, no definite observations ever were recorded to support this
belief.

From April to September, 1926, a considerable number of redfish, rauging from 4
to 108 centimeters (1.5 to 42.4 inches) in length were secured from the various bay
and Gulf waters (Table 7). Examination of the sexual organs of all fish showed an
immature or resting condition. On September 17, however, a large school of adult or
"hull" redfish was observed in a regularly fished area in Shamrock Cove off Corpus
Christi Bay, and the capture of part of this school revealed, by the presence of well-
developed eggs in the ovaries of the females, that spawning time was approaching.
Coincidental with the capture of these nearly ripe fish were the reports of fishermen
that large numbers of '"bull" redfish were traveling along the Gulf beaches and con-
gregating about the mouths of the passes. Intensive fishing in all sections of the
coastal area after the capture of these ripening fish failed to reveal any newly-
hatched redfish until October 11, when along the shorés of Harbor Island, inside of
Aransas Pass and near the Gulf of Mexico, several young fish, ranging from 11 to 24
millimeters in length (0.4 to 1 inch), were taken in a few feet of water by a swmall
beach seine. (See Table 4.)

The exact locality where these young redfish were captured is known as Harbor
Island Bayou and lies about 1 1/2 miles inside of Aransas Pass. This bayou consists
of a small, deepened chamnel, rupning from the east shore of the island (Lydia Ann

Channel) into the jinterior of the land for several winding miles. On account of its

suitable depth and sluggish tidal current, the bayou, as well as contributory branches,
furnishes an ideal refuge for thousands of larval and young fish. With the incoming
tidal curremt from the Gulf, many marine organisms often are brought into the bayou,
voluntarily or otherwise, where they may remain indefinitely or may depart on the next
outgoing tide, Many tropical fishes, such as Pterophryne, the sargassum-weed dweller,
often frequent Harbor Island Bayou during the height of the tide but generally return
to the Gulf during low water.

After a week of seeking the young redfish within many bays with no success
another visit to Harbor Island and the adjacent shore lines was made on October 18,
when a greater number of larval and young fish were secured than a week previous.
Systemic collecting along the grassy shore lines inside of Aransas Pass indicated that
areas nearest to and in direct line with the pass yielded the greatest number as well
as the smallest size of young. Table 5 illustrates the relative size and abundance of
young at various distances from the passes.

Corpus Christi Pass, 20 miles south of Aransas Pass, was visited on October 29
to determine whether the newly hatched redfish were coming through the pass into Laguna
Madre from the Gulf. The collections obtained were even more extensive than those
made at Aransas Pass, for isolated patches of grass bottom in the shallow water
immediately inside Corpus Christi Pass offered a temporary refuge for the young fish
undoubtedly being brought into the pass from the Gulf of Mexico. Along the sides of
the shallow channels radiating from the pass into the waters of Laguna Madre were
large quantities of young redfish taken in particular when the tidal current was

~~rtushing in from the Gulf,
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GROWIH AND AGE

During the first two years of life the growth of the redfish is very rapid.
Spawned about October, 1925, the fish making up the 1925 year class reached a mean
total length of 21.5 centimeters (8.4 inches) by the end of May, 1926 (May 30 to
June 6). (Consult Table 8 and fig. 9.) Comparably, the succeeding year class,
hatched in October or November, 1926, attained approximately the same mean length of
21.5 centimeters by the end of May, 1927 { May 8 to 22). By the lst of October, 1926
(October 3 to 10), the 1925 year class had grown to a mean lemngth of 33.7 centimeters
(13.3 inches). The growth of this class continued rapidly, although becoming reduced
during the winter months, and by the end of May, 1927, when about 1 1/2 years of age,
the group reached a mean length of 43.6 centimeters (17.1 inches), with a length
distribution from 36 to 51 centimeters (14 to 20 inches). This growth during the
first year of life may be clearly followed by inspection of Tables 7 and 8 and
Figure 9.

By a comparison of 1 1/2-year old fish taken during the bimonthly periods of
April 18 to 25, May 2 to 9, and May 16 to 23, 1926 (probable length range from 39 to
53 centimeters), and the monthly period of April 24 to May 22, 1927 (probable length
range from 36 to 51 centimeters), it is found that the 1926 fish possess a mean total
length of 45.8 centimeters (18 inches), while the 1927 group of the samé age has a
mean total length of 44.1 centimeters (17.3 inches). (See Table 7.)

The May, 1926, 1 1/2-year old redfish, with a length range from 32 to 53 centi-
“Tneters and a mean total length of 45.8 centimeters (18 inches), appeared to attain an
approximate modal length of 52 centimeters (20.5 inches) by September, 1926, on the

basis of a collection of fish taken during the period of August 15 to 29, 1926,

This collection (Table 7) had a length range from 48 to 68 centimeters, which probably
included two year classes, the second with a mode at 52 centimeters and the third with
a mode at 62 centimeters.

Collections of redfish above the second year are not numerous, owing mainly to
the difficulty experienced in obtaining unselected catches of the larger, more powerful
fish. However, by combining all samples of fish secured during August and September,
1926, a fairly well defined series of year groups or classes is discernible by inspec-
tion of the modes or humps in the length-frequency distribution. (See Table 9.) An
error necessarily is occasioned by this grouping, since fish taken in early August will
have grown some by the end of September. This is noticeably true in the case of the
youngest year class by a comparison of the bimonthly' samples (Table 7), but for the
present purpose of presenting all distinguishable year classes at one time this error
may be disregarded,

A smoothed length-frequency distribution of these redfish shows the first three

vear classes to be marked by modal lengths at 30, 53 and 63 centimeters (11.8, 20.8,
and 24.8 inches). {See fig. 10A.) Following these definite year groups, several modes
are evident at about 75, 79 and 84 centimeters, and these modes are believed to be
composed of fish in the fourth and fifth year classes. The mode at 79 centimeters is
probably accidental and made up of fish either in the fourth year and belonging with

_~the 75-centimeter group, or in the fifth year and belonging with the 84-centimeter

©  sroup. The small number of fish lying within the probable range of the fourth year
class magnifies this abnormal or chance mode at 79 centimeters. It must be realized,
of course, that a considerable overlapping occurs among the various year classes,
particularly as age and size increase.
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In a consideration of the reliability of the above age estimates, it should be
recognized that the redfish attains an extremely large size. While a length of only
105 centimeters (42.5 inches) was the largest size secured during the past iunvestigation
along the Texas coast, many fish reach a much larger size, with the maximum length of
the species recorded by Welsh and Breder (1923, p. 184) at 152 centimeters, or about
5 feet. With the increment in length for Texas fish during the first year about 34
centimeters (13.4 inches), during the second vear about 20 centimeters (7.8 inches),
and during the third and fourth years about 10 centimeters each (4 inches), it is
most likely that the growth increment during the fifth year would be but little less,
causing the fish to have a general average length of about 83 to 85 centimeters
(33 inches) at the end of its fifth year of life.

A series of measurements made upon 257 market redfish caught in a commercial seine
during November and December, 1925, is presented by Table 10 and illustrated graphi-
cally by Figure 10B. A smoothed length-frequency distribution (fig. 10B) shows the
presence of the first three year classes (I, II, and IIL) with length modes existing
at 35, 54, and 64 centimeters (13.7, 21.2, and 25.2 inches) and with a slight mode
at 74 centimeters (29.1 inches), and probably representing fish in the IV-year class.
The youngest or O-year class (a few weeks old) is not represented, of course, in the
commercial catch. The abrupt curve at about 32 to 33 centimeters (12.6 to 12.9 inches)
results from the selection of the gear as well as a legal minimum-size market limit
at 36 centimeters (14 inches).

A study of the annual winter growth check, as indicated on the scales of the

‘redfish, afforded verification of the age estimates made from the length frequency.

The redfish spawned in the late fall rarely show, on the scale structure,any evidence
of a reduced growth rate during the first winter, but after the first winter definite
changes occur in the scale pattern during the cold months of the year, which enable

the age of the fish to be determined with .some degree of accuracy. The scales of the
species become heavily calcified and opaque after the second or third year, and it is

necessary to treat them with a weak solution of hydrochloric acid in order to make
them transparent,

The nature of the redfish scale is similar to that of the black drum, and the
winter growth check in both species essentially consists of a break or interruption
in the pattern of the circuli on the scale, particularly along the lateral terminals
of the circuli. These breaks or irregularities probably are produced by the greatly
accelerated growth, Closer approximations of the circuli along the radii during the
winter season are evident on the scales from the younger fish, with these approxi-

mations forming so-called "bands", ending along the lateral terminals in pronounced
breaks in the circuli arrangement.

The abundance of scale material allowed the fact to be proved that these scale
checks were formed annually during the winter season, with, however, the first winter's
check usually absent or faint, owing probably to the small size of the fish during
the first winter. Measurements of these annual checks for the purpose of calculating

the average growth were not deemed practical, since the decalcification of the scales
caused the latter to change their size.

The ages of 300 unselected redfish were obtained by counting the number of
winter scale checks, including any check that may or may not have formed during the
first winter, when the fish were but a few months old. Thus, in the case of a
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" collection of fish taken during April and May, 1926 (fig. 11), 35 redfish, ranging from

8 to 21 centimeters in length (3.1 to 8.2 inches), were found to be in their first year
(having been spawned the October or November previous and in most cases not showing a
winter check on the scales); 22 redfish, ranging from 40 to 51 centimeters (15.7 to

20 inches), were found to be in their second year (possessing, in all cases, one
definite scale check usually near the periphery of the scale and indicating a check in
growth during the second winter of life); 6 redfish, ranging from 53 to 57 centimeters
(20.8 to 22,4 inches), showed two definite winter checks; and 7 redfish, ranging from

538 to 70 centimeters (22.8 to 27.5 inches), possessed three definite annual scale checks.
Hence, the approximate actual age, in years, of the redfish as represented in winters

by Figure 11, is one less than the number of winters recorded.

For the first three years little doubt exists as to the verity of these age determi-
nations by the scale method, but it may be said that after the third winter some errors
may occur in the age determinations, due both to the extreme difficulty in examining
the large scales and to the personal judgment of the writer in counting the annual
breaks or 'checks" in the annuli of the scales., It would appear, however, on the basis
of both scale and length-frequency studies, that the redfish reach a total length of
about 80 to 85 centimeters (31.5 to 33.2 inches) by the end of the fourth year or the
fifth winter of life.

SEASONAL DISTRIBUTION AND MOVEMENTS

The larval and young redfish, after entering the bays and lagoons from the Gulf

' spawning grounds, tend to distribute themselves rapidly. While assisted in the early

L

stages of distribution mainly by the tidal currents, the young fish soon is able to use
its own power of locomotion to take it to places of safety. By October 27, 1926,
several small redfish 25 millimeters long (0.6 inch) were taken along the shores of
Corpus Christi Bay near the entrance into Oso Bay, while a collection of young 15 to 29
millimeters long (under 1 inch) was secured in Shamrock Cove, a sheltered indentation
of Corpus Christi Bay some 12 miles or more from Corpus Christi Pass.

The young seek the more grassy and quiet coves and lagoons during the early part
of life, rarely being found on bare, sandy bottom or in rough water. This preference
for shallow tidal flats was most noticeable in the vicinity of the passes. A serious
destruction of many small redfish consequently may have resulted in October, 1926,
when an extremely low tide occurred in the vicinity of Aransas Pass, which caused
large areas of the shallow flats in and about Harbor Island to become dry. Many small
mullet and top minnows were observed in a dying or dead condition as a result of being
unable to reach the deeper channels when the water drained off from the flats. Many
young redfish known to be on such areas were either killed likewise or forced to enter
the channels that did not appear suited to the normal requirements of the fish.

With the coming of cold weather during the first winter, the young redfish, ranging
in length from 5 to 15 centimeters (2 to 5.9 inches), work into the deeper bayous from
the more shallow coves and flats. During the spring following hatching many wander out
into the Gulf of Mexico, but apparently they occur only in moderate numbers along the
shore lines in the surf, since none ever are caught in the shrimp trawls, which operate
from 1 to 10 miles offshore. 1In less than a year after hatching young redfish may be

found within the bays and lagoons, 75 miles or more from the nearest pass, as collections

of fish in July, 1926, from Baffin Bay (Laguna Madre) indicate. The absence of young



w 13 -

redfish less than 10 to 15 centimsters in length £3.9 to 5.9 inches) from the waters
of the Gulf of Mexico is most striking and would indicate that conditicps im the Gulf
are not suited to the early stages following hatching and that all newly hatched fish
come into the bays.

After the first year most of the redfish leave for the deeper bays or Gulf during
cold weather. The movement of fish out into the Gulf is gradual and not noticeable
to any extent, but in the early spring the movement back into the bays and lagoons is
pronounced. This spring movement into the bays, particularly of the younger year
classes (fish from 40 to 60 centimeters), provides hook-and-line fishing about the
various passes, especially Corpus Christi.

After a certain maximum length is attained (about 70 centimeters or 27.5 inches)
the redfish tend to travel in schools and remain for the wost time along the sandy
shores of the Gulf of Mexico. According to old fishermen, many of these schools of
"bull" redfish frequented the bays and lagoons during the summer months
departing to the Gulf in early fall. At the present time, however, few such schools
are noticeable within the bays {two schools taken by the writer in July and September,
1926, in Corpus Christi Bay). This fact has given rise to the opinion that the species
is becoming depleted. It is the decided belief of the writer that this absence of
larger redfish from the bays is not due to the actual scarcity of the fish {all redfish
above 32 inches have been protected by law for some years) but to the marked changes
that have resulted from the use of power boats and water traffic, as well as from the
activities of sportsmen who congregate about the passes in large numbers. The
schools of redfish are known to become easily frightemed or "stampeded" at any slight
disturbance, and any activities in the vicinity of the passes may be regarded as
unfavorable to the entrance of the fish into the bays.

When spawning time approaches (September), the schools of redfish, composed
largely of adults above 75 centimeters, travel along the shore lines of the Gulf
beaches until they strike the mouths of the passes. This movement or spawning
migration is most evident along Mustang and Padre Islands, Texas, during the early
fall. Those few schools of ripening adults that have been living within the bays
during the summer apparently seek the pass exits to the Gulf. A concentration of
spawning schools of redfish at the mouths of the passes undoubtedly results in a
condition favorable to natural propagation and distribution of young.

SIZE AND AGE AT MATURITY

One large, unselected collection of sexually matured redfish was captured in late
September, 1926, several weeks before the first young of the 1926 year class were taken.
The sample consisted of 80 fish, ranging in length from 74 to 96 centimeters (29 to
38 inches), and was part of a large school of fish that apparently was endeavoring
to find an exit from the narrow cove into which it had wandered. Several of these
fish when examined showed that spawning time was near at hand. A nearly ripe roe
taken from a female 90 centimeters long {3 feet) weighed approximately 13 ounces
and contained about 3,500,000 eggs. Two methods were used to calculate the total
number of eggs, with the results presented below:

Von Bayer method:
D=diameter of known whitefish eggs, in inchege---=- cocccocnvmnnax memm( 127
Nenumber of whitefish eggs to the quart, by actual count----weswaws 33,036



d=averags digmeter of redfist assps, in {oches 0.5 millimebar)-—wemowmnon 202

Total volume of redfish sgegs, ip IgacTs {400 cabic cantimetars)—mmmmens ol
By uss of Vo Bayer's fotum iy ﬁ‘°4-:3n:33 whare o 1s the unkoown,

n, or the mumber of redfish eggs to the quart, eguals ~-wervenscorns 8,457,216
Number of redfish eggs in 0.4 guart~ssesw-w-veowmomncmencmmoananams 3,382 886
Total number of eggs in 90~-centimeter redfish (3 feet)wmwrwomewn -- 3,382,886

Actual weight method: :

A total weight of 23 milligrams gave an egg count of--wwmwomonmwooans 176

One milligram, by calculation, eQials= == e oo mmmnw e om oo o e o oo 7.652

One gram of redfish eggs, by calculation, equals ~--~e-mmmmmmmm .. 7,652

Total weight of redfish eggs, in grams--- ~---rmome ~oun B P 447

Total number of redfish eggs ia 90-centimeter tlsh (3 Faat)mmmmms - 3,410,000

Maturity appears to bs rssgchad ar ke eud of the fourth of fifth vear of iifz. No
redfish under 75 centimeters {29.4 inches) were tgkern in a maturs conditicn duting the
field operatioms, aud ripe fish are virtuaily uaknown to the fishermen, who must free
all . captured Fish over the lzgal size liwit of 81 centimeters {32 inchas). ©On the
basis of the one collection of nsarly ripe f£ish takem in September, 1926, it would seem
most likely that maturity is not reached before the end of the fifth year, cartainly
not before the end of the fourth.

Figure 12, showing the relatiocn of waight to length in 222 redfish, indicates that
a weight of 10 pounds or over is attainsd before the time of first spawnivg {70 centi-
meters, or 27.5 inches in leupth, at lesst, being reached by the fish).

FOOD HABITS

The food of the redfist along the Texas coast is made up principally of the
crustaceans such as the shrimps and crabs. The commercial shrimps (Peneus) appeared to
be the favorite food with some 236 redfish 6 to 72 centimeters long examined for
stomach contents. The common blue crab (Callinectes), when small or in a wmolting con-
dition, ranks second in abundance., {See Table 11.)

Fish are eaten to some extznt, with the mullet, gobies, and Menidia being
identified in the greatest abundance among the food fragmemts. The larger redfish are
able to capture fish of cousiderable size, as shown by the presence of a 20-cevtimeter
(7.9 inches) mullet (Mugil) in the stomach of & 68-centimeter (26,8 inches) redfish,
Surf casting for the larger fish along the Gulf beaches vields the best results when
small mullet are used as bait, while shrimp bring the largest catches of the smaller-
sized f£ish.

Girious incidental food way be found iun the stomachs of the fish at times. A&
large marsh rat, squids, aunelid worms, and small bivalves have been recorded from
redfish stomachs. The species undoubtedly has the ability to pursue its prey,
although it can and does adopt a semibottom-feeding habit at times. It may be said
to have a feeding habit intetmadiate between that cf the drum, a strictly bottom
feeder, and the spotted trout, a pelagic feeder.
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COMMERCIAL CONSTDERATIONS

The redfish or red drum occiurs in commercial quantities from New Jersey to Texas,
Florida leads in the total production, with Texas ranking second. The Gulf States
exceed the South Atlantic States in both the quantity and value of the commercial catch.
Table 12 is taken from the reports of the United States Bureau of Fisheries,

The redfish provides both sport and commercial fishing along the coast of Texas.
Surf casting along the beaches of the Gulf of Mexico is very popular, and, while such
a method of fishing does not account for large quantities of market fish, the income
secured by coastal cities and towas from visiting tourists and sportsmen is consider-
able. Many of the redfish taken along the Gulf beaches by anglers are the larger or
"bull" fish (over 32 inches), the sale of which is forbidden by law.

Within the intercoastal bays, estensive commercial fishing operations are
conducted to secure the redfish as well as other food fishes, By far the most ef-
ficient and practical method of fisning is by mesans of drag seimes. Imn late years
serious opposition has arisen to all forms of net fishing along the Texas coast with
the result that many bays, as well as Gulf waters, have been closed to net fishermen,
although commercial hoock-and-line fishermen may operate auywhere. Consequently, unre-
stricted line fishing is conducted within many of the bays, particularly around the
passes, for redfish as well as several other species of food fish, although, naturally,
more effort and espense is required to catch them in this manner. Simple pole-and-line
fishing yields good catches of small redfish (1 to 3 pounds) at certain times of the
year, especially in spring, while trot lines or long series of stationary hooks,
baited usually with pieces of red rubber, are emploved in some of the more shallow
lagoons.

As stated by Higgins and Lord (1926, p. 180), the commercial catech of redfish
~in.Texas has shown a virtually horizontal trend since 1890. No signs of depletion
could be detected by these investigators on the basis of the rather meager statistical
data available. Many fishermen, howsver, assert that the fishiung effort expended
today is much greater than occurred in former years. While this statement probably
is true, for some years past the redfish has been given legal protection in several
ways, which tends to reduce the catch to a marked degree.

Omitting from consideration at present the effect of closing many productive
redfish fishing grounds, the State of Texas has in operation a minimum and maximum
legal size limit for all redfish caught within State waters. WNo fish under 14 inches
(36 centimeters) or over 32 inches (81.2 centimesters) may be offered for sale. From
a market standpoint, these size limits appear well worth while, since dealers find it
difficult to sell redfish under 14 and over 32 loches. Redfish of over 3 pounds are
not especlally esteemed for family use, but restaurants and hotels buy the larger
fish, which are served in the form of steaks., By preventing the sale of fish of over
32 inches, virtually all of the mature or spawning redfish are protected. This would
seem most desirable from the standpoint of fishery conservation when it is realized
that the bulk of the catch is composed of fish in their second and thifd year, and
that the marketability of the species is reduced greatly after the third or fourth
Years.

The total catch of redfish in Texas undoubtedly could be increased 1if wany of the
closed waters were to be opened to net fishing. This applies particularly to a long
stretch of Gulf beach along Padre Island, which is an exceedingly fine feeding ground
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for many of the larger redfisb. 8o way to determine the capacity of aay fishery is
recognized, except by actual trial by the most efficient commercial methods, and the
gradual reduction of the commercial coastal fisheries to a hook-and-line method of
fishing will hardly allow such a capacity to be dscertained,

SUMMARY

1. The redfish spawuing season occurs malnly in Oc¢tober, and in the Gulf of
Mexico actual spawning takes place close to or at the mouths of the various passes.

2, The newly hatched redfish are carried by the tidal currents into the bays
and lagoons, where they rewain for an indefinite period.

3. The redfish attains a modal length of about 13.4 inches {34 centimeters) by
the end of the first year 21.3 inches (5& centimeters) by the end of the second, 25.3
inches (64 centimeters) by the end of the third, probably about 29.5 inches (75 centi-
meters) by the end of the fourth, and 33 inches {84 centimeters) by the end of the fifth
year. The species reaches suitable market size soon after the first year.

4. Maturity is reached not before the end of the fourth or fifth year, probably
the fifth, with few fish under 30 inches {75 centimeters$) in a sexually mature con-
dition.

5. The food of redfish from 2.4 to 23.6 inches (6 to 60 centimeters) in length
consists principally of shrimps (Peneus), crabs, and small fish.

NATURAL HISTORY OF THE BLACK DRUM, POGONTAS CROMIS
(LINNAEUS)

Blaek Drum
DESCRIPTION QF ADULT

The adult black drum has an oblong, compressed body, with the back much elevated.
The head is moderately short, with the snout blunt. The lower jaw possesses NUMErous
large barbels along the inner edge of each side, with the series usually reaching
back to belew middle of eye. The color in life is generally silvery black, with often
a brassy luster, and all fins are black or dusky. Variations in color are frequent
among drum taken along the Texas coast, depending largely on the particular envirom-
ment from which the fish is taken. Drum from the Gulf of Mexico are usually uniformly
silvery, with the black lateral bars, characteristic of the young fish, becoming
indistinet; while adult drum taken in the shallow bays are black or even bronze.
( See fig, 19.)

DESCRIPTION OF YOUNG

The smallest larval drum taken in Texas measured 4.5 millimeters (0.2 inch).
A small yolk sac is present, and the dorsal aund ventral fins are not evident. Two
prominent groups of chromatophores are present; both lying ventrally, one slightly
posterior and above the vent, while the other lies approximately at the base of the
undifferentiated anal fin. These groups of chromatophores are placed somewhat
similarly to the ventral ones observed in the young larval redfish (Scisenops ocellatus),

but the general absence of any pronounced dorsal markings in the larval drum separate
the species distinctly. {See fig. 13.)



At 6 millimeters the black drum has thoe vertical fins betrer developed, with
6 anal rays being discernible wsuallv. This anal-razy count seems most coastant and
accordingly separates the species from other related omes. The dorsal and ventral
fin folds still persist, although now separate from the tail, while the yolk sac is
reduced further. The two ventral chromatophores are w=ll marked and weak spines are
present on the opercle or gill cover., (8ez fig. 14.3

A marked change occurs in the general pigment arrangement when the fish has
reached a length of about 8§ millimeters. Black chromatophcores appear in profusion
dorsally as well as along the sides and tend to arrange themselves into definite
groups extending from the nape to the caudal peduncle., These groups are the fore-
runners of the six vertical black bars that soon appear,; to remaio until adult size
is reached. Oun fish of about 8 millimeters, however, all six bars are rarely
discernible in one speciman. ALl vertical fin rays are well formed and easily
counted~-dorsal, X-I, 21-23; anal, ¥i 6. The veatral chromatophores present In the
smaller stages tend to disappear entirely. (See fig. 15.)

When a size of 15 willimeters is attaiped, the young drum has assumed the
general adult shape. The six black bars are proncunced and extend vertically from
the back to slightly below the lateral lins. All fins, with the exception of the
dorsal, are cclorless. The dorsal is dotted heavily with black punctulations,
particularly along the anterior spinzs, while the soft rays are marked less heavily.
The color of the body above the lateral line is light brown, marked with black
vertical bars, while below the lateral line a bright silvery sbheen prevails. The
series of mandibulary barbels are now avident. (See fig. 16.)

In drum above 25 millimeters the color pattern remains essentially the same,
with the exception that the pectorals and anal assume a black cast and the fish tends
to become darker with age. (See figs. 17 and 18.)

SPAWNING AND EARLY DISTRIBUTION OF YOUNG

Along the coast of Texas the black drum spawns principally from February to
May in the Gulf of Mexico near the wouths of the passes leading into the bays and
lagoons. A late or secondary spawning period may also occur from late July to
November. Both spawning seasons ar# preceded by well-defined migrations of the adult
fish to the spawning grounds of the Gulf. The newly hatched drum are brought into

.the bays by the tidal current and soon distribute themselves into more or less

definite localities.

The presence of large uumbers of ripening adult drum within many of the wore
shallow bays and lagoons has led to the opinion among many that the species spawns
within these bays and lagoons. The drum, well recognized as preferring the shallow
and muddy areas of Wueces and Oso Bays and parts of Laguna Madre, is found in the
greatest abundance within these particular bodies of water, and the casual observer
might easily be led to believe that the eatire life of the fish was spent within
such localities. It was found, however, during the course of the recent study, that
the spawning habits of the black drum were complicated, and that the general sup-
position of a bay spawning babitat was not tenable in the light of the results
obtained by the writer during 1926 and 1927.
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The first collection of young drum was taken on May 13, 1926, along the shores
of Corpus Christi Bay near the channel entrance leading into Oso Bay. (See Table
13.) The fish, ranging in length from 9 to 37 millimeters (0.4 to l.5 inches), were
secured after a storm from several small, temporary pools along the beach, which had
been filled by the abnormal high water resulting from the heavy seas the day previous.
A strong current was flowing into Oso Bay from Corpus Christi Bay, and it seemed
unlikely that such small drum could have breasted the current and come from Oso Bay
to be washed up on the beach later along the shore line of Corpus Christi Bay. It
was far more reasonable to expect that the young had come from Corpus Christi Bay
and had been thrown into the beach pools accidently while endeavoring to gain the
channel leading into Oso Bay.

To substantiate this idea was the fact that on the same day large collections of
small drum were secured within Oso Bay proper, and instead of taking smaller fish
than were taken in the pools by Corpus Caristi Bay, as might be expected had the young
been hatched in 0Oso Bay, much larger and, hence, older fish were caught. Table 14
gives the length distributions of these two collections. All other localities, with
the exception of BNueces Bay, failed to vield any young drum until some weeks later,
when a considerable size had been attained by all fish. (See Table 14.) It was
believed that spawning had terminated by the first of May with the sample of young
obtained on the 13th of the wonth, consisting of a group of fish spawned toward the
close of the spawning period.

Considerable surprise was occasioned on July 26, 1926, when a number of nearly
ripe drum, ranging from 31 to 46 centimeters {12.2 to 18.1 inches) in length, were
captured in and about the channel leading from QOso Bay into Corpus Christi Bay.
Collections of a few ripening fist likewise were made within Oso Bay. All other
fished areas, in spite of extensive ceollections of drum, failed to reveal any ripening
fish. It appeared that all maturing fish were centered about 0Oso Bay, although many
unripe adults were taken along with the nearly ripe fish.

Heavy commercial catches of drum were being made during July and August in the
open fishing area in Laguna Madre, and it was learned by inspectiom of the catch that
many fish were in a ripening state and apparently were coming inte the fishing area
from Baffin Bay and other southern points in Laguna Madre that were closed to
commercial fishermen. As indicated by Figure 44, the peak of the drum catch, taken
almost entirely from a central portion of Laguna Madre and landed at Corpus Christi

in 1926, occurred during the months of July and August. While one of the causes

for the much larger catch during these months was the general exodus of all fish

from the waters of the lower Laguna Madre because of the high salinity that is reached
during the late summer months, a spawning migration of many of the adult drum served
to increase the catch by bringing the fish from the closed waters, where evidently
they had matured, into the restricted open fishing area.

On October 14, 1926, after several months of futile effort in seeking newly
hatched drum, together with the capture of small collections of ripening fish at
infrequent intervals in and about Oso Bay, a large, nearly ripe female drum, 90 centi-
meters €35.5 inches) long, was found stranded in Corpus Christi Pass. This was the
firgt indication that spawning drum were to be found near the Gulf of Mexico, and
while it could not be determined in which direction the fish was traveling before it
accidentally ran up on a shallow sand bar, it was evident that spawning might be
locked for in the Gulf as well as within the bays.
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such bays to secure the Iargar Wipriflré ad ts t%at ﬁ;nerally ware suppos&d to be
coming into the bays from some urknows place for spawning. During the wioter of
1927, these nets, discussed mors fullv in ancther section of this paper, were placed
at the mouth of Nueces Bay io CGorpus Christi Bay, along the scuth shore line of
Corpug Christi Bay near the sotrance to Oso Bay, and in the open fishing area in
Laguna Madre. Examination of the larger stand of nets at the mouth of Nieces Bay

in early March imdicated conclusively that g markead spawniog migration of adult drum
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jii( with the o of the
‘ wE L . the habit of

jrs w
o4

Bhee wayroar angims

was occurring. A1l fish were in 2 nearly ripe condition, and most of them ranged

over 80 centimeters {3l.5 iuches) in langth.

Megnwhile, ripzaoing fish wars
Madre ahd by experimectal gear opz
Oso Bay. During the precading w 2
and inconclusive on accownt of the he wnd hotoow and the lack of a laonding place
for the largs seines. Oftan, neverrvuslsss, [arg~ Arim {abovs 60 centimeters, or 23.5
inches) were caught {more generally, onlv ssen} in the shallow rzcesses of Oso Ray,
and it was generally koows that a comsidecable munber of largs fish were to be fouand
within the bay. '

comnarcial gill nats in Laguma
i the closed Lishing area of
. (5o Bay had been very difficalt

Experimental gill nets wers plaszd in Oso Bay negr the chaonel exit dnto Corpus
Christi Bay during the early part of Maveh with the expectation of determining the

~direction of this spawning wigratiov of druwm., Good catches of large ripening fish

soon were obtained, and by the posivion of the gilled Ffish in the wnets it appearad
that the schooling fish wsre endeavoring to galn their way over the shallow saund bars
partly blocking the exitv inte Corpus Christi Bav. On one occasion large drum were
seen delibgrately makivg their way over the shallow bars from Oso into Corpus Christi
Bay.

Upon reaching the deeper watsrs of Corpas Christi Bay, the migrating dvum
were difficult to cateh or te obsazrve., However, tfisherwen reported that while their
boats were lying anchored in the various charmels leading to the passes, particularly
Aransas Pass, distincét drumming sounds could be heard during the night, presumably
caused by the drumfishes on thelr way vo the Gulf. The writer, while not doubting
these reports, did mot actually baar swe such poises, although it is well known that
the drum make a loud druwmming vibration which is probably employed extensively
during the breeding season for ihs purpese of saxual attraction.

Qo February 28, 1927, the first collecnion of larval black drum was secured in
Harbor Island Light Bayou in waarly the sawe spob where the first larval redfish and
crozkers were takaen some mouths previcss. These vouog druw rangad from 4 to 6 milli-
meters in length and were not identified dafinitely as black drum {Pozopias cromis)
until the second week in March, after the gill sats had indicated the movement of the
spavning adults from the bavs to the Tulf of Mexico. The fish were helpless and
obviocusly at the wmercy of the tidal current, which bhad swept them into the quiet
bayou from the channel leading from Aransas Pass and the Gulf. {See Tsble 13.)

On March 11 Corpus Christi Pass was visirved and large numbers of larval and
post-larval drum were taken in the wain chammel of the pass itself, as well as along
the shore lines of the various islands in Laguva Madre adjacent to the pass and



reached by the fvcoming tides. Tn all vases wag 1t ~‘Ld,mt that the iLarval droo wasre
being brought in From the Gauif by the tidal currsots. As shown in Table 13, con-
tinuous collections of larval and very young drum wers wade ghout beth Corpus Christi
and Aransas Passes durivg Marceh and April.

It was observed that the younz drom lefv thne vicinicvy of the passes as soon as
able, and it was believed, on the basis of the collection of small druw near Oso Bay
on May 13, 1926, that the fish were wmakiog for definite localities, such as Oso and
Nueces Bays. On April 9 a considerable oumber of voung drum had reached the channel
leading from Corpus Christi Bay into Oso Bay. These fish ranged in length from 8 to
11 millimeters {under D.5 inchn) and wers the approximate size of the smallest of the
voung drum caught in the beach posls in the same locality on May 13, 1926, Oun the
day these fish were taken, the currsar was runolog out frow Oso Bay, with the result
that the young were forced to remain at the mouth of the chammel for some time.

Nueces Bay, similar in wost respects to Oso Bay but on a unearly direct linme with
a recently completed ship chanue! that commscts Aransas Pass with the city of Corpus
Christi, was fished at varicus pointa during April aud May. Many young drum from 9 to
15 millimeters long were taken in late April, while largs numbers of young, growing
rapidly in size, were sscurad throughout the wmonth of May.

By the time field operaticus werz dJiscentimsed, at the end of May, 1927, the
young larval drum had ceased to cows into the passes from the Gulf, aud those that
had gained entrance were concentratzd largely within Nusces and Oso Bays and probably
Laguna Madre., The young drum preferred the same type of ewvironment as was chosen
generally by the older fish.

Several complications iu the way of a thorough understanding of the spawning
habits of the black drum leave an interesting field for future reseatrch along this
line, WNo explanation is offered for the lack of young drum that should have come
from the ripening fish taken from Julv te fcteber, 1926, Whether they egcaped
observation, owing to their small nmzmbers, or whether thers were no fish to be taken
are questions unsolved at the present time, The writar expresses the opinion, however,
on the basis of the relatively small size of tha maturing fish taken in July to
September, 1926 {Table 16}, that spawoning at this time was negligible. The main
spawning season of the black druw in ths vicloity of Corpus Christi Bay undoubtedly
is from late February to May, and the spawning grounds probably are situated at the
mouths of the passes in the Gulf of Mexico.

Little information on the spawning habits of the black drum in other secctions
of its range has been recorded. Welsh and Bredzr {1923, p. 197) stated that ths eggs
and larvae of the drum were unrecorded aud that little was known of the life history..
Hildebrand and Schroeder {1928, p. 288} recorded a fully ripe male drum 37 inches long,
taken on May 22, 1922, at Cape Charles, Va.;, in 48 feet of water, but stated that no
voung drum under 8 centimeters {3 inches) have ever been secured.

GROWIH AND AGE
Study of the age and growth of the black drum brought out the fact that by the

method of age determination smployed with success in the ecase of the redfish, croagker,
and spot (the Petersen method, whereby the individuals of a large collection are
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grouped according to their lemgth, and sach promiuent mods or hump in tre plotted
frequency distribution is assumed to represent an age class), only the first twe yesr
classes of drum could be discerned throughoat the vear with any dsgree of relianility.
Afrer the third year the various vear classes overlap to such aa extent as to render
the Petersen method worthless.

A series of smoothed levgth-ifreguepcy distributions, taken from Takle 15, is
presented in approzimate monthly sumwarizs by Figure 20. Collections from April 4
to May 8, 1926 {following fig. 20}, gave a group of drum {l-year class} assumed to
be entering their second yzar with a modal length at atout 25 cevtimeters £9.8 inches).
This l-year class grew rapidly during the succeeding months, and by October {September
12 to October 8) had reached a modai lemgth of about 35 centimeters (13.7 inches).
While this class held its original identity well during the spring and scmmer of
1926, it nearly disappeared from thne catches during the winter of 1926-27. In April
and May, 1927, the class resapp=ared in goed numbers with a wodal length at about 37
centimeters (14,5 inches).

The second summary of drum cellections, from May 9 to June 5, 1925, brought the
0 or youngest vear class into consideration, witn the fish ranging in length from 1 to
15 centimeters {0.4 to 5.9 inches). Severasl sharp mcdes exist within the length dis-
tribution of this 0 class, owing possibly to the various differences in time of hatching.
The collections from June & to July 9, 1926, however, smoothed cut this irregular
distribution.

The 0 year class, positively koown to be in its first year, grew rapidiv during
the summer of 1926, and by November {October 10 to November 5} had attained a mcdal
length of 21 centimeters £8.2 inches), cowpared with the modal length at 11 ceati-
meters £4.3 inches) shown by the class during June. Collections became much smaller
during the winter, but spring catchtes {April 3 to May 22) showed thnat the class {1}
had attained a modal length of about 26 centimeters (10.2 inches) when a little more
than 1 year old. This modal size in April, 1927, corresponds well with the wodal
length observed for drum of the same age captured in April, 1926.

In late February, 1927, a newly spawned vear class appeared {0 year class}, which
by the end of May, 1927, had attained a modal length of 2 centimetars with a ranpe
from 1 to 5 centimeters. &t will be observed that during May, 1924, a length range
from 1 to 153 centimeters was reccrded, while a vear later this ramge was reduced to
1 to 5 centimeters. From the fact that the largsr fish included in the 0 class during
Maym 1926, possessed mno winter scale checks, it must be inferrved that spawniog occurred
eariier in 1926 than in 1927 f{the scales of the drum were found te show anuual winter
growth checks, not inclading, of course, thne first winter durisg which the fish are
hatched}. This supposition presumes. nowever, that the larger fish of the class
{10 to 15 centimeters long) actualiy belonged to the 0 vear class on account of its
lack of a winter check, and that auv group of fish hatched in the late summer or fall
of 1925 would show a growth check during the winter of 1926, The faer .that after
the period from May 9 to June 5, 1926, all fish in the 0 year class fell into a more
or less regular group would ssam in itself to justify the inclusion of these larger
fish in the youngest year class.

Some confusion was caused by the capture of a considerable number of drum from
December 5, 1926, to January 28, 1927, steowing a modal length at about 15 centimeters
(5,9 inches}), while the modal length of the 0 year class reached 21 centimeters



{8.2 inches) during the preceding Octoner. Tris small grosp of drum was reflected in
the catches doring rhe next few moentts, and nsarly all {fises were taken from Oso Zay.
(See tadble 14.% While it is possible that tris undermodal zroup of the O wvear class
of drum was the resuylt of the suggested spawniong in the lare sumnsr and fail of 1926,
the belief of the writer is that the proup merely represeated a late season's hatch

in the spring of 1926, as indicated by the collection of wanv vooong tish arownd Dso
Bay on May 13, 1926, Such differevces within a single year class can easiiy resalr
from the arrival of various schools of adult fisn on the spawning grounds at different
times. With the existing doubt as tc the results abtained from the cifort of some
fish to spawn in the late sommer of 1926, rowever, the writer suiggests the possibility
that some young may cowe from thig spawning and be reprssentsd by these subnormal wmodss
at about 16 centimeters instead of 2% tc 24 centimeters, as appesared typleal of the

0 vear class in December, 1926, and Jaauarv, 1927, Future work could sasily c¢lsar up
the present uncertainty as to the extent and icfluence of any late snpmmer spawning,
which, with the information at bhand, appears t¢ be nagligible,

It seems reasonahble to state, on thz basis of an sxawination of the druom leosgtho-
frequency distribution compesed of avour 4,350 fisk taken with unselective gear, that
a medal lenpth of about 25 centimeters (9.8 inches; is reached by the end of the first
year and about 37 cenmtimeters (14.5 inches) is attained hy the end of rhe second year.

The age of the black drum, up to a lesgth of a0 centimsrers Y23.73 incnes), usually
may be determined by a count of the armusally formed winter-growth checks on the scales.
The extremely large size and the heavy calcification that the dram scals undsrgoss
render the determinaticc of age difficult and wnreiiable after the fish has reached
the fourth or fiftbh year of life and generally has atrained a lengtnh of 50 to 20
centimetars (19,7 to 23.3 inches). in general, the winter-growth checks of the druw
scales {anouli) bave the nature Hilateral breaks or interruptions in the circuli
pattern of the scale, most svident at the lateral terminals of the circuli. Many of
the vousnger fish, bowever, in addition to the lateral terminal chacks, show cioser
approximations of circuli formed duriog the retarded winter growth., In most respects
the scales of the black drum closasly resemble those of the redfish, both in size and
structure, as well as in the nature of the winter-growth check.

Figure 21 illustrates the relation between age and lemath, secured by a study
of the scales of several nundred druwm. No figh over 60 centimeters £23.3 inches’ in
length tas been included in this figure because of the prasent unreligbility of aps
determination as applied to the larger fisn. The first feor vears of age: are
represented fairly well in the length distribution ranging from 1 to €0 centimsters,
although insufficient cumbers of figh prevent the discermment of any definite modal
lengths at any particular ape. The scale collectlions wers small, unfortunately, but
the results obtained seew to justify more intensive work in the foture oo the analysis
of age of the drum by means of the scale mathod.

An incowmplete exawination of many scales from fish measuring mwore than 60 cepri-
meters {23.3 inches) ivdicated that 5 vears of age way bz artaioed when the fish reach
a length of about 60 centimeters, and that thev arse 7 to 9 vears of ags by the tive
they reach a length of 75 to 85 cuntimeters (30 to 34 inchnes).



- 23

SIZE AND AGE AT MATURITY

Sexually matured black drum with a total length range from 27 tc 105 centimeters
{10.5 to 41.6 inches) were taken. Only fish that possessed developing sexual products
{granular roe iun the females) were sexed, thus obviating persomal errors in Judging
the state of development,

it will be observed, by inspection of Table 16, that the drum found in a ripening
or spawning condition during July to Qcrober, 1926, were of swaller wminimom auad
maximum length than those taken during the main spawniung period in the wiater and
spring of 1927. This difference extends particularly to the older and larger fish,
only omne drum above 58 centimeters (22.8 inches) being taken doring 1926, cowpared
with many secured in 1927 by the writer and by commercial! fishermen. This condition
is unaccounted for at present. One possibility, however, is that many of the youngest
maturing fish {1 class) reach sexual maturity either several months prior to or after
the older classes spawn.

Waile pot all the drum captured from the adult age groups during 1927 were in
vipening condition {as judged by the writer’, a much larger percentage was recorded
than during July to October, 1926. From July 11 to October 10, 1926, approximately
490 adult fish were taken (all drom abcve 29 cectimeters con51dered adJ1L¢ but only
67 fish, or 13 per cent, were in a ripening condition as indicated by granuLar roe and
running milt. From March 6 to May 1, 1927, 151 adults were secured {all fist above
34 centimeters considered adult}, 121 of which, or 80 per cent, were in a ripzning
state. While these figures are subject to slight error because of the difficulty
experienced in determining the state of maturity, the percentages indicate, in a rough
way, the seasonal abundance of spawning fish.

On the basis of the age estimations secured from scale and length fraguency
studies it seems evident that the drum reaches sexual maturity by the end of the
second year, with annual spawning continuing until death, The larger-sized black
drum are very prolific. Ao approximate count was made of the eggs from a migrating
female 110 centimeters lompg {44 inches} taken at the mouth of Nueces Bay bv a commercial
gill pet on March 6, 1927. Nearly 6,000,000 were counted. {See below.} The average
diameter of the eggs was 0.6 millimeter, most of thew being equally developed.

Total weight, in grams, of eggs from 110-centimeter black drum--~=-~- 9946
Total weight, in milligrams, of 60 unselected eggs=---wrrommamcmeaaun 10
Fetal calculated number of eggs in 1 grame--esm-v-conmecommsoe e 6,000
Total calculated number of eggs in 996 grams—wr-em--mewmecmcmmcm—wwns 5,976,000

Figure 23 presents the relation of weight to leamgth in 77 black drum. A fish
about 30 centimeters long {11.8 inches} usually is slightly over 1 vear of age and
weighs about 1 pound. Weight increases rapidly after 70 centimeters im length {27.5
inches) has been reacted. A drum measuring 90 centimeters {35.4 inches! weighs close
to 22 pounds, while a Ffish measuring 105 centimeters {41 inches) weighs 37 1/2 pounds.

SEASONAL DISTRIBUTION AND MOVEMENTS

The young drum, usually in a larval or post-larval condition when brought in
through the passes from the Gulf spawning areas, make their way soon after entering to
a few extremely shallow and muddy bodies of water typified, along the central section of
the Texas coast, by Laguna Madre and 0Oso and Nueces Bay.,
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Present knowledge of the exact causes for the volunbary resposss of youaz fishes
tc a certain type of enviremment is tooinadsguats ro permit a copjeciurs 45 To the
possible factors that cause the determined effort of the young drom vo reach dsfinits
isolated bays and lagoons wherain very few species of warive fish dwell. The fact
remains, however, that these young drum are attracted to =z particular type of aguatic
eqvironment soon after coming in from the Culf of Mexico, to such a degree as to rendar
the absence of the small fish in other types of coastal waters most uoticeable.

The young drum generally remain within their favorite bays watil they attain a
length of at least 10 centimeters {4 inches), when many of them gradually move out
into the deeper bays and, to a slight extent, into the fulf of Mexico. The young
drum (fish under 10 centimeters} are more prone than redfish to stay away from the
open shores of the Gulf. Most of the drum populationm, however, appears to rasidse
until maturity (spawning time) within the shallow waters chiefly of Laguna Madre awd
0so and Nueces Bays, but relatively few fish roaming iato the deeper watars,

The spawning migration of the adult drum from the shallow inrercoastal waters to
the Gulf of Mexico is most promounced in the vicinity of Oso and Nuzces Bays and
Laguna Madre, where, from late January to May, special gill vets are ewployed to
intercept and capture the schools of migrating fish. From persconal cbservations
1t would seem that the greater part of this movement from the bays takes place at
night. The distance to be traveled from such waters as Oso or Nueces Bay to the near~
€st pass to the Gulf of Mexico may lie, roughly, between 20 and 30 miles. Such a
distance wight easily be covered by the drum within a few days, which perhaps explains
~~ the nearly ripe condition of most drums before they leave the bays.

After spawning outside the passes the spent adults that survive appear to coms
closer inshore to seek their way back into the bays. Considersble mumbers of these
spent drum were taken in the late spring of 1927 along the Gulf beaches near the passes
as well as immediately within some of the passes. No collectioos of .spant adults were
obtained at any time within the confines of either Oso or Mieces Bay, which fact in
itself would indicate that spawning does not take place in these bays.

The drums are extremely persistent in remaining within the shallow iatercoastal
waters, both during the excessive heat and salinity of the water in snummer acd the
sudden-killing cold waves in winter. With the shallow bays prefarred by the drom
vearly completely isolated from the deeper ones, escape in times of danger is mot
accomplisted readily. WNavigation within these shallow waters is difficule, and wany
of the migrating adults have their bellies badly lacerated from the continual friction
in passing over oyster reefs, particularly during the excitewent of breeding. It has
been said that in past years farmers were accustomed to chase the large 10 to 40
pownd drum over the shallow mud flats with pitchforks, such chase, of course, furnist-
ing a considerable awmount of thrill as well as fish.

During the summer the waters in the vicinity of Baffin Bay {Laguoaz Madre) often
become extremely saline, with the result that wany fish, particularly black drum, die.
Cold waves in winter, which chill the shallow water rapidly, are said to work de-
struction with the species because of the imability of the fish to resch more favorable

- environments,
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The writer feels that future scientific ressarch into the life history of the black
drum might take up, with profit, a more intensive study of the various seasonal movements
or migrations of the species than was possible during this investigation.

FOOD HABITS

The feeding habits of the black drum bear out the belief that the fish is generally
a strictly bottom feeder. Possessing heavily paved pharyngeal teeth, the species has
long been known to frequent oyster beds or reefs, the supposition being that the young
oysters are crushed and eaten in great quantities. Observations on the stomach contents
of many Texas drum, particularly those of a large size, failed to show that oysters of
any size make up any considerable percentage of the regular diet.

The main food of the drum after it has attained a length of about 20 centimeters
(7.8 inches) is a small mollusk or '"clam'--Mulinia transversa corbuloides-- which
abounds in the more muddy and shallow bays, such as Nueces and Oso, in the vicinity of
Corpus Christi. DBottoms containing this mollusk invariably are covered with heavy mud,
and along such bottoms the drum delights to feed. Certain localities in the more or
less grassy-bottomed coves are well known as good '"drum hauls'" because the drum usually
may be found feeding in these localities, which in all cases possess a clear but muddy
bottom in which Mulinia may be found in varying abundance. The mollusks lie deeply
buried in the mud but are sucked u» by the drum, which retains them and proceeds to
crush the shells by means of its strong pharyngeal teeth. As much as 2 pounds of
broken shell from this small mollusk nave been taken from a large fish. Whether or
not the fish swallows dead shells can not be stated definitely, but in great numbers
of fish examined, the intestines literally were filled with hundreds of fragments of
the thin shell of Mulinia. The drum often nearly stand on their heads in feeding,
with their tails out of water, so shallow is the water and so intent are the fish on
sucking up the mud.

Various other mollusks, such as mussels (Mytilus) and oysters (Ostrea), are
-eaten in some abundances Small crabs rank second in quantity to Mulinia, and shrimp
also are consumed at times, The smaller-sized drum {under 20 centimeters, or 7.8
inches), with less powerful crushing teeth, tends to prey upon the softer food
organisms, such as small fishes, annelid worms, and the smaller crustaceans. Surf

fishing along the Gulf beaches, with dead mullet or shrimp for bait, yields catches
of drum.

Table 17 shows the changing food habits of the drum according to its size. The
smaller drum feed largely on fish and annelids, represented by 36 and 32 per cent; the
medium-sized drum cease feeding on the softer foods and consume larger amounts of
mollusks (33 per cent) and crabs and shrimp (28 per cent), a 37 per cent mixed-food
content consisting of mollusks and crabs; and the older drum confine their food largely
to the mollusks (74 per cent) and crabs (16 per cent). In general, the food habits
of the black drum may be correlated with the enviromment, In the more shallow, muddy
lagoons and bays the greatest numbers of Mulinia are found, and it is in such waters
that drum live in the greatest abundance. In an environment where extremely turbid
water prevails throughout the year; where the water temperature ranged from 80 to
90° F. in summer and as low as 40° F. in winter; where during the summer salipity often
is twice as great as that of ordinary sea water and during the rainy season a brackish
condition exists; and where the average depth rarely is more than 4 feet, the black
drum attains its greatest abundance along the coast of Texas.
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COMMERCIAL. CONSIDERATIONS

Texas produces about 70 per cent of the total anmual black-drum catch of the
United States. The species attains its greatest abundance in the Gulf States, although
it occurs in commercial quantities as far north as New York. The trade always has had
some aversion for the drum because the larger adults are likely to become infested
with parasitic worms, which virtually destroy the marketabiliry of the fish unless the
flesh is cut into fillets or steaks., In most sections of Texas the drum is sold under
the name of rockfish. The smaller fish (one-half to 3 pounds) are przferred by many
people to either the redfish or the spotted sea trout.

Approximately 432,000 pounds of drum were landed from January, 1926, to May, 1927,
at Corpus Christi, Texas (from records of the three leading fish dealers’, as compared
with 134,000 pounds of redfish and 138,000 pounds of spotted trout {fig. 44},

While the fishermen generally receive but from 3 to 5 cents a pound for drum
that retails for 25 cents a pound, spotted trout bring nearly 10 to 12 cents a pound
to the fishermen and 35 cents to the retailer. On the basis of the retail value, the
drum exceeds in value the redfish and trout combined.

Owing to its relative abundance in Texas coastal waters and its low market valus,
the drum has not been protected by any special legislative measures. The fact that
sport fishermen and commercial hook-and-line fishermen seldom catch this species has
caused but little interest to be shown in a rational system of comservation of the
fishery. The legal closure in recent years of many of the smaller bays, suck as Oso
and Nueces, in the vicinity of Corpus Christi has afforded the drum cousiderable
protection because the species spends a greater part of its life in the more shallow,
muddy bays and lagoons than elsewhere. At présent, however, this attempt at conservation
is partly nullified by certain fishing practices that appear to be unduly destructive
in proportion to the actual value of the catch.

From late January to May a fishery is operated in Corpus Christi Bay and northern
Laguna Madre for the nearly ripe drum that leave their favorite feeding grounds
{such as Oso and Nueces Bay and southern Laguna Madre} for the spawning grounds in
the Gulf of Mexico. This fishery is conducted largely by means of anchored gill nets
with a large mesh {4 to 5 inches square) customarily set as near the entrances into
Nueces and Oso Bays {in Corpus Christi Bay) and the deeper channels im northern Laguna
Madre as is legally possible, The larger adult drum are secured in gbundance, the
flesh selling at wholesale at 10 cents a pound and the female roes {weighing about 2
pounds apiece) being supplied to the restaurant trade at 25 cents a pound. The fact
that these gill nets secure the drum when they are preparing to spawn and are seeking
their way out of restricted areas, together with the fact that most of the drum
population congregate in a few small bays and lagoons and are forced to leave them
through narrow exits in order to spawn, brings up a serious question as tc the desira-
bility in permitting this type of fishery to exist.

On the basis of the relatively slight food value of these large adult drum and the
fact that such fish must be of considerable value in replenishing the drum stock, it
would seem that their ultimate worth as spawners far surpasses their value as food.

The writer, in seeking a way to increase the natural supply of black drum in Texas

waters, recommends that suitable protection be afforded to the larger sizes of drum
at all times of the year.
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The establishment of a maximum legal size limit which oparates favorably in the
case of the redfish, would appear to be a logical way of protscting these larger drum
against possible depletion. sually all drum above 20 inches in total length {50 ceati-
meters) are released from the drag seines because of the unwillingness of the fish
dealers to havdle the larger, less profitable sizes. The adoption of a maximum size
limit at 20 inches {50 centimeters} would work little hardship to the fishing indostry
( in fact, it would be a boon to many dealers now forced to accept the nigh worthless
large drum) and unquestiomably would serve to increase the proportion of spawning adults.
Of course, an end would be put to the wasteful gill-net fisheries at the mouths of
0Oso and HMueces Bays.

Wiile no minimum legal size limit has been set for the drum, as bas been done
for the redfish and spottsd ses trout, it would appear advisable to place some restric-
tion upon the smallest size that might be marketed, since it is highly probable that
attempts will be wade to market fish of such small size as to be nzarly worthless as
food. A wminimum size limit at 8 inches {20 centimeters) should not meet with any
serious objection, at least from the fish dealers who have the task of selling the
fish.

The closing of both Oso and Nueces Bays, as well as the southern part of Laguna
Madre, to seine fishermen has destroyed the income of the fishing industry, as well as
of the entire State of Texas, from some of the best drum-fisbing waters along the coast
of Texas. While an overflow of drum from these waters into open territory may result
in some benefit, it has been shown that the fish prefer to dwell most of the time within
such closed areas. Few species of food fish other than drum and croakers frequent Oso or
Nueces Bay, and the former fishery in these bays was almost entirely for the black drum.
Allowing a suitable area around the entrances to these two bays to permit the fish
ingress or egress it would appear desirable to allow a return of saine fishing within
the bays. With the larger adult drum protected by reason of a legal size limit, there
seems little basis for expecting serious depletion of the drum from the opening of
these waters.

Laguna Madre long has been a battle ground for commercial fishing iaterests
and conservation forces, for no apparent reason save that this lomg, narrow lagoon
constitutes a favorite feeding ground for several species of marine food fishes, par-
ticularly in summer. The ease with which fish generally may be captured with seines
in the shallow waters of the lagoon has alarmed many sport fishermen, whe fear the
gradual extinction of their favorite game fish. With the sportsmen in the great majority
and the gemeral public knowing little of the problems confronting the fishing industry,
pressure in legislative circles has resulted in the closure of much of Laguna Madre to
any form of net fishing. )

The writer, considering the intelligent comservation and utilization of the fish of
commercial importance alomg the coast, sees no legitimate reason for contimuing the
closure of the southern part of Laguna Madre, particularly in and around the waters of
Baffin and Alazan Bays. As mentioned previously, during exceedingly hot and dry
summers, when its waters become excessively saline, Laguna Madre becomes the death placa
of thousands of food fish. To remedy this condition, it has been suggested by many
that an artificial channel or pass be cut through Padre Island from the Gulf of Mexico
to Laguna Madre in the vicinity of Baffin Bay, and thus allow {at least rheoretically)
fresh Gulf water to mingle with the excessively salt water within the lagoon. While
the construction of such a pass might be possible from an engineering standpoint,
there is no evideunce that the expense would be warranted under present conditions.



- 28 -

In fact, such a pass might bring about a marked biological change in epvirormmental
conditions, which would reduce naturally the present supply of some species within the
lagoon, particularly the black drum. It would appear to be more practical, from an
economic standpoint {perhaps from a biological one as well), to allow unrestricted
seine fishing within all of Laguna Madre (except around Corpus Christi Pass) in an
attempt to reduce the amount of loss suffered during a period of natural mortality,
than to attempt a costly and perhaps futile experiment by making an artificial pass.
Removal of restrictions in Laguna Madre would result in the utilization of many of the
fish that now perish during the summer months, and it would also result in partly
satisfying those who now advocate an artificial pass in the belief that fishery
conditions might be benefited.

SUMMARY

1. The black drum spawns in the Gulf of Mexico near the entrances to the bays
and lagoons, The young drum enter the ihland bays thrbugh the various passes soon
after hatching and make for definite localities within the inland waters.

2, The spawning period occurs mainly from February to May and is preceded by a
marked migration of ripening adults from the bays and lagoons to the waters of the
Gulf. A secondary spawning period may occur in late summer and early fall with some
of the younger age classes.

3. The black drum reach a total lemgth of about 25 centimeters (9.8 inches) by
the end of the first year and about 37 centimeters {14.5 inches) by the end of the
second year, with scale study indicating that five years of age may be attained by the
time a length of 60 centimeters (23.3 inches) is reached.

4, Sexual maturity is treached at the end of the second year, when the fish
generally has attained a total length of 35 centimeters (13.7 inches).

5. The food of the younger drum consists largely of annelids and small fish,
while the older fish prefer mollusks and small crabs. A small mollusk, Mulinia, is
eaten almost exclusively by the larger-sized drum.

6. The recommendation of a minimum legal size limit at 20 centimeters (8 inches)
and a maximum legal size limit at 51 centimeters (20 inches) is made primarily in order
to conserve the smaller, less marketable fish as well as the larger, more prolific
drum that are caught in great numbers and are of relatively slight market value.

7, The recommendation is made also to allow seine fishermen to fish in the
present closed waters of Nueces and Oso Bays, as well as Laguna Madre, after minimum
and maximum legal size limits have been adopted.

NATURAL HISTORY OF THE SPOTTED TROUT, CYNOSCION NEBRULOSUS
CUVIER AND VALENCIENNES

Spotted Sea Trout or Squeteague
DESCRIPTION OF ADULT

The adult spotted trout has an elongate body, large oblique mouth, and pro-
truding lower jaw. The teeth are sharp; two enlarged omes occur at the tip of the
upper jaw. The color is characteristic and serves generally to identify the species
in its adult stage. The upper half of the body is dark gray with sky-blue reflections,
while the lower half is pale silvery. The upper sides are marked with many round black
spots, which extend tro the dorsal and caudal fins. (See fig. 28.)
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DESCRIPTION OF YOUNG

The voung of the species differ markedly from the adults, both in color and
shape of the caudal or tail fin. Young above 3 inches {B ceatimeters) in lengih are
recognized easily, however, by the round black spots on the upper parts of the body
as well as on the dorsal and caudal fins.

The smallest specimen obtained in Texas waters measures 7.8 millimeters {about:
0.25 inch}. This fish has the general elongate shape of the species, and the long,
acute smout is particularly marked. The vertical fins are well differentiated, the
larval fin fold extending from the vent to the spinous anal fin as well as along the
caudal peduncle, both dorsally and ventrally. A pronounced series of dark brown
chromatophores is placed in the center of the body and extends approsimately from
the soft dorsal fio to the caudal peduncle. This series of markings is the beginunioag
of the broad, dark, lateral band, characteristic of fish from 15 to 35 millimeters in
length. Another smaller group of chromatophores lies along the ventral edge of the
caudal peduncle, a distinctive group of darker pigmentations being present on the
lower anterior caudal fin. Fine punctuations are apparent behind and above the
pectoral fins, as well as from the eye to the snout. (See figs. 24 and 25.)

Young spotted trout from 15 to 30 millimeters have the lateral black stripe
most prominent and extending from the snout te the caudal fin in a continuous line.
The ground color of the body is light, tinged with yellow and bluish reflections
above and with a silvery sheen below. The caudal fin possesses a heavily marked,
triangular, blackish area, the apex of which is near the tip of the fim. Fresh
specimens have the iris of the eye colored a brilliant golden vellow, which
disappears soon after death. The caudal is more sharply pointed in fish under 35
millimeters (1.3 inches). (See figs. 26 and 27.)

SPAWNING AND EARLY DISTRIBUTION OF YOUNG

The spotted trout spawns largely, if not entirely, within the bays and lagoons
along the coast of Texas, in contrast to the redfish and black drum, which spawn
{probably exclusively) within the Gulf of Mexico. The spawning season of the trout
begins in early spring {not before March) and continues as late in the summer as
October. The spotted trout do not appear to scatter their eggs within a relatively
short period of time, as is the case with the redfish or drum, for individual fish
are found in all stages of sexual development throughout the spring and summer and

probably spawn for some weeks. The height of the spawning season occurs in April
and May, bowever,

The first collection of trout spawned in 1926 was taken on May 13, 1926, along
the grassy shore line of Corpus Christi Bay near the channel entrance to Oso Bay.
Several young, 10 to 22 millimeters long {under 1 inch), were secured in a few feet
of water in the same approximate locality where large numbers of ripe and apparently
spawning adult trout were being captured. Four days later another small fish, 18
millimeters long, was seined on the shore of Harbor Island about 1 1/2 miles from
Aransas Pass. {See Table 19.) Since Harbor Island was supplied with large numbers
of marine organisms brought in from the Gulf of Mexico by the tidal currents, it was
thought possible that this fish had been hatched in the Guif and had entered the
intercoastal waters through the pass.
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Continued observations during 1926, however, scon led to the conclusion that,
while considerable spawning of trout cccurred along the shore lines of various islands
lying inside the passes, no spawning actually occurred in the open Sulf of Maxico.
Several definite facts supporting this conclusion were ascertained during the
investigation.

As late as October 28, 1926, young spotted trout under 20 milliweters in length
were taken within the bays and lagoons, and, together with the presence throughout
the bays of ripe and spending adults until late fall, it seemed evident that spawning
extevded from March or April through September. The spawning season of 1927 coon-
tributed more conclusive evidence in support of the bay and lagoon spawning babit of
the trout. The first fish, the smallest on record 7.8 miilimeters longy, was
sccured in northern Laguna Madre near Corpus Christi Bay on April 27, 1927, on the
edge of a deep channel running from the lagoon into the bay by Demid Tsland-Flour
Bluff. For some weeks previous to the capture of this small fish cellactiors nad
shown the presence of large numbers of ripening trout withim most of the bays,
following a general movement into the intercoastal waters from the ¢ulf of Mexico
during March and April.

During May, 1927, it was discovered that heavy spawning was cccurring im
various parts of Copano Bay. Along the grassy shore lines of this remote body of
water hundreds of young trout, ranging from 20 to 30 millimeters lomg £{0.8 to I.1
inches)}, were procurable, as were also many ripe aand spending adults. Small, re~
stricted bayous or creeks that enter the bay proper yielded such gbundant collections
of very young fish as to preclude any possibility of the young coming into the bay
from any considerable distance, certainly not from the Gulf of Mexico, some 50 to &0
miles away. The presence of the young trout with the spawning adults within esch
remote bays throughout the spring and summer indicated conclusively that the specias
spawns within intercoastal waters.

Throughout the period of collection no spotted trout under 10 centimeters long
{4 inches) were obtained from the Gulf of Mexico or from the inmediate vicinity of any
of the passes. This is in strong contrast with the large numbers of yoeung redfish,
drum, croakers, and spots spawned in the Gulf and that could be obrained zither in
the Gulf waters or about the passes. The fact that relatively few larval and post-
larval spotted trout were secured by the investigator, compared with the ahundant
collections of other species, can be accounted for by the nature of the environment
in which spawning cccurs.

Since the eggs of the redfish and black drum were deposited, probably within a
short period of time, in a limited area at the mouth of the passes, natural concen-
tration of eggs and larval fish cccurred, particularly when the young were carried
into the chatnels of the passes. This concentration made possible large catches of
the young fish around the passes. The spawning season of the spotted trout on the
other hand, was observed to be long, and the spawning ground covered wide areas in
suitable bays and lagoons. Obviously, no concentration of younz fish could result.

Spawning of the spotted trout probably occurs somewhat offshore in the various
bays in water not over 10 to 15 feet deep, although ripe and apparentlv spawning
adults may be taken during the night close to shore. The eggs preobably are buovant
and soon drift and hatch over the grassy-bottomed, shallow water, the young seeking
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protection in the thick aquatic vegetation. The concentration of young in patches
of grass was noticeable. Smith (1907, p. 312) stated that the spawning grounds

of the spotted trout in North Carolina are in the bays and sounds and that the £8g
hatches in 40 hours in water with a temperature of 77° F.

GROWTH AND AGE

On the basis of the frequency distribution of the total lemgth measurements of
approximately 3,000 spotted trout taken by experimental and commercial collecting
gear from May. 1926, to June, 1927, it can be stated that, while size groups appear
in the frequency summaries {Table 20 and fig. 29), no one definite year class, save
the youngest, can be traced clearly or recognized throughout the entire period of
collection. There is a decided tendency for the various age groups to ovevrlap one
another to such a great extent as te render any estimations of the growth and age,
from length~frequency studies, unreliable. The writer had noted this fact previously
with vespect to a series of length measurements made in 1925 upon several hundred
spotted trout taken in Pawlico Sound, N. C. {Higgins and Pearson, 1927, p. 56.7

From inspection of Table 20 it is evident that during the month of May in 1926
and 1927 the 0 or youngest year class appeared in the catches at an early age, the
length distribution ranging from 1 to 5 cemtimeters (0.4 to 1.9 inches?. The growtn
during the late spring and summer of 1926 was rapid, but extended spawning occurred
from April to October, resulting in a wide length-frequency distribution. By the
end of November, 1926, this 0 class, approaching its first winter, had attained a
modal length of about 13 centimeters (5.1 inches), the length distribution being
from 5 to 20 centimeters (1.9 to 7.8 inches). There appeared to be little increment
in size from November to March, but in early spring growth was resumed, and by the
end of May, 1927, this year class (about I year old) reached a modal length of 19
to 20 centimeters {7.4 to 7.8 inches).

Study of the scales. of the spotted trout was undertaken in the hope that
seasonal-growth checks might be found and from them the annual growth and age of
the species determined to a greater degree of accuracy than was possible from
inspection of the length frequencies. From annrual winter-growth checks (found to
have been formed on wost of the trout scales examined) it was possible to arrvive
at .a reliable estimate of the age and growth of this species up to the seventh or
eightti year of 1ife.

The age of a fish, in years, according to the scale method of age determination,
generally is found by counting the amnuli or annual winter bands or checks, which
supposedly are produced by a slower rate of growth during the cold months of the
year. The length of the fish at the end of each year of life is computed from the
series of measurements of a scale from a fish of known length. Given the total
length of the scale, the length included in its annulus of year X, and the length
of the fish from which the scale is taken, the length attained by the fish at the
end of year X is determined by the use of the following formula, in which the
third term is the wunkuown.

Length of scale included in annulus of year X
Total length of scale
Length of fish at end of vear X
Length of fish at time of capture
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Repeating the above formula for the annulus of 2ach evideut year cf lifs, ths
length attaioed by the fish at the end of each successive year is computed, From
these lengths the anmual increment in growth is obtained by simple sabtraction.

It is pnot within the scope of the present paper to discuss in detail the various
phases of the scale method of age determination. Most workers have found the scale
method to be essentially correct, and it is upon this assumption that the writer
presents the results obtained from a study of spotted-trout scales. The scales of
the gray trout (Cynoscion regalis) provided material for a paper by Taylor (1916},
and the reader is referred to Taylor's work for such information as may be of
interest pertaining to the more theoretical aspects of scale study applied to the
sea trouts {Cynoscion regalis and nebulosus). ™

The spotted sea trout is a typical warm-water shore fish, which appszars
very sensitive to the cold and which customarily departs into deeper and warmer
water throughout its range on the coming of winter. Along the Texas coast, even
as far south as the Rio Crande, this movement into deeper water is evident in the
late fall and winter. A cessation of growth probably accompanies lowering of
temperature and is reflected on the scale of the fish by a marked change in pattern
and structure. The genmeral character of these annual winter scale-growth checks
consists in the formation of incomplete bilateral circuli that tend to become
compressed, coalesced, or broken. A certain lack of distinctmess is apparent in
many of these winter checks {(annuli}, probably due to the intermittent cold weather
that obtains along the Texas coast.

From approximately 2,000 unselected spotted trout taken with experimental
fishing gear (excluding about 1,000 fish under 10 centimeters {3.9 inches) iu
length, obviously in the 0 year class and not having reached one winter), 554
fish were examined for age by the scale method. Frow 4 to 6 individual, unselected
scales from each of the 554 fish were mounted on a glass slide, the smooth side of
the scales being moistened slightly with a mixture of mucilage and glycerine to
cause adhesion to the glass. In all cases the scales were taken from the upper
forward left side of the fish. The actual counting of the annuli and measurement
of the scale with its annual checks was done by two distinct methods of magnifi-
cation and measurement. Thus, a reliable check was made upon each method employed,
as well as on the personal judgment of the writer. It should be stated, however,
that knowledge of the life of the species of fish, particularly the time of spawn-
ing, assists greatly in understanding many of the anmual checks that might appear
confusing to one who knows and sees nothing of the fish save several scales,
abstractly presented.

The first method used consisted in examining all scales through a binocular
microscope at various magnifications and in selecting ome typical scale for measure-
ment by means of an ocular micrometer at a standard magnification of about 30 X.
Upon examination many scales were found to be useless for accurate age determina-
tion, some having broken edges, regenerated centers, or other abnormalities. A
scale was judged "typical' by the ease with which it could be read and the support
obtained from comparison with the other scales on the slide.

The results of the first method, while appearing reasonable, did not seem to
be as accurate as would have been the case if a more refined measurement of the
scale and its checks had been made. Two hundred of the original 554 fish had to
be omitted from the calculations, either because of the imperfections of the
scales or the inability of the writer to distinguish the annuli.
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The second method, conducted independept of the results obtained from the
first method, gave more accurate readings and measurements in ths writer's opimion,
although a comparison of the two showsed no serious differences. By means of a
projection apparatus the image of the scale was projected on a white wall, and each
scale annulus was counted and measured at a magnification of about 100¥. The
various scale and annuli lengths were recorded on adding-machine tape, and the
distances were measured later with a millimeter rule. In many cases two scales
from the same fish were read and measured for comparison. i{See Table 22.) In
both methods of scale measurement the distances usually were measured from the
center of the focus, along the radius nearest the periphery of the scale.

Of the 554 trout, 452 were read for age and measured for anmial growth by
the projection method. Of the 452 individuals, 56 were discarded because of
apparent discrepancies in the calculated measurements; and while the inclusion of
these doubtful 56 fish did not affect the final results appreciably, it was
believed desirable to eliminate obvious errors. In the Ffinal calculations 396
trout were analyzed by the second method, while 354 were analyzed by the first. The
fact that about 28 1/2 per cent of the original number of fish scales were omitted
because the writer was unable to read them caun hardly be considered serious,
since it was thought better to omit questionable scales rather than obtain
doubtful calculations.

The spotted-trout scales were collected from April, 1926, to June, 1927.
Consequently, the various age classes of fish passed through one observed winter's
growth check. The fish taken from April, 1926, to March 1, 1927, show one less
winter check on the scales than do fish secured from March to Jume, 1927 {the
winter scale check usually is formed by March 1). Obviously, a fish 2 years old
in 1926 would be 3 years old in 1927,

Table 21, containing the averaged calculated lengths of 396 trout at the time
of the formation of the various winter checks, has two divisions--one presenting
the averaged calculated lengths of fish of all ages taken from April, 1926, to
March 1, 1927, and the other {bottom of table), the averaged calculated lemgths
of trout taken from March 1 to Jume 1, 1927. The latter group naturally show
the additional winter check formed during the winter of 1926-27.

Inspection of this table reveals only slight differences in the various
averaged calculated lengths at the same ages for fish ranging from 1 to 8 vyears of
age. The decided absence of any ''phenomenon of apparent chaunge of growth rate
{such as observed by Lee (1912) and other workers, in which, with increasing age,
the age classes of fish show a decreasing rate of growth in their calculated
values for each year of life) is most noticeable. TIn fact, alwost the reverse of
Lee's phenomenon appears to be the case, for the voungest fish {those in their.
second year with one winter check} have the lowest calculated lengths {13.5 to
13.8 centimeters) for the first winter, omitting the calculated length of 12.3
centimeters for three 9-year-old fish.

Table 22, giving a comparison between the averaged calculated lengths of
trout derived from messurements of two scales from the same fish, shows in a more
distinct manner than does Table 21 the trend of the younger year classes to
possess smaller calculated lengths than the older year classes. Averaging the
two calculated lengths for fish of the same age, it will be seem that the l~year-
olds have an averaged calculated length of 12.9 centimeters at the formation of
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the first winter check; the 2-year-olds are 13.6 centimeters; the 3-year-olds are
14.9 centimeters; the 4-year-olds are 15.3 centimeters, and the 5-year-olds are
15.7 centimeters. A similar though wmuch less pronounced progression occurs for the
second and fourth years' calculated lengths. Several natural factors may have
caused this phenomenon, directly opposed to Lee's phenomenon of apparent change of
growth rate,

Figure 31, presenting a comparison between matured male and female trout
according to size, clearly indicates that a larger percentage of males than females
occurs in the smaller sizes than in the larger sizes. Hence, we may assume that
in general the younger year classes contain a greater ptyoportion of male fish than
do the older year classes. Since the males do not appear te attain the same average
mean length as the females {see p. 35 ), a greater rate of growth might be expected
among the latter. Such a condition would result in smaller calculated lengths among
the younger vear classes with their higher percentage of males and a slightly slower
rate of growth than among the older fish composed largely of females. While it is
possible to assume that the growth of males and females is identical prior to
spawning, and that the females merely reach a greater size (and age) than do the
males, the writer hardly believes such an assumptionm probable since it is known that
in many species of fish the males are smaller than females of the sawe age.

Another explanation is to assume that the smaller calculated lengths among the
younger age groups are the regult of the occurrence of greater numbers of "runt"
or constitutionally slow-growing fish during the early years of life, but which are
eliminated from the fish stock gradually by the natural process of survival of only
the largest and fastest-growing fishes. The writer observed often that many spotted
trout in their first and second years possessed gill parasites (an isopod, Livoneca
ovalis, that generally caused the fish to be undersized, compared with modal lengths
for the particular year class) and that older fish were singularly free from them.
A greater number of such dwarfed or undersized trout may be expected during the
early years, which lowers the averaged calculated lengths for the youngest fish.

While it is impossible at present to attribute any definite cause to this
obgerved differeunce in calculated lengths according to the age of the fish, aside
from the possible error in omitting the first winter's check of more of the older
fish than of the younger, the differences among the various calculated lengths at
the same age are hardly large enough to vitiate the general conclusions on the age
and rate of growth of the species.

SI1ZE AND AGE AT MATURITY

From approximately 1,500 adult trout takem during 1926 and 1927, 567 fish were
sexed during the spawning season. The sexed fish were unselected and were either in
a ripening, ripe, or spending coundition when caught. While it is hardly possible to
assume that the relation between sexual maturity and the length of the fish is
constant in individvuals of the same sex, nevertheless some reliable data conceraning
size and age at maturity were obtained from the sexing of these fish.

In the case of the spotted trout, as in many marine fishes, the matured male
- averages smaller than the female, the maximum size being attained by the latter.
0f the sexed fish, only 4 males were taken with a length exceeding 45 centimeters
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{17.7 inches), while 71 females longer than this were secured. The average mean
length of the females exceeded that of the males by 6 centimeters (2.3 inchss). The
number of females obtained from the sexed 567 fish was 389, a ratiag of two females
to one male. Many matured fish were under the minimum legal size liwmit of 12 inches.

Results obtaimed from the study of the age of the spotted trout would indicate
that maturity is attained and spawning occurs for the first time at the end of the
second year of life, although it is probable that many fish do not mature and spawn
until the end of their third year.

The approximate number of eggs in two nearly ripe trout 48 and 62 centimeters
in length {18,9 and 24.4 inches) was 427,819 for the smaller fish and 1,118,000 for
the larger one,

Length of fish, in inches (62 centimeters)e=-=w-memccmenccmcamenaaa. 24 .4
Total weight of eggs, in grams-=r----m-om e o e e e 238
Total weight of 141 unselected eggs, in milligramg---------=cmvw--- 30
Number of eggs in 1 gram---------~r-mo--mocmoann- e e m——e—————— - 4,700
Number of eggs in total of 238 grams-------crcommmmmmmmr e e 1,118,000
Length of fish, in inches (48 centimeters)-=-=w=w-- e mm o 18.9
Total weight of eggs, in grams----=--eromrrmr oo e e 87.3
Total weight of 141 unselected eggs, in miiligrams-------- R 29
Number of eggs in 1 grame= —--cm-smmome ce e e e 4,900
Number of eggs in total of 87.3 grams-~~--mremmocmcmm e 427,819

Figure 32 presents the relation of weight to length in 154 trout. The fish
generally reach maturity before a weight of 1 pound is attained. A weight of about
3 pounds is reached by the end of 7 or 8 years.

SEASONAL. DISTRIBUTION AND MOVEMENTS

The spotted trout may be taken throughout the year in nearly all of the bays
and lagoons along the Texas coast, as well as along the Gulf beaches in proximity
to the passes. The species prefers the less turbid, grassy-bottomed areas, and
large fish are secured rarely in such muddy waters as Oso and Nueces Bays. Quiet,
shallow lagoons and coves, possessing a heavy grass bottom, are the favorite localities
for the young trout; while the adult fish generally remain in deeper water, although
frequently they come close inshore to feed and possibly to spawn. The young, being
spawned within the bays, seldom seek the waters of the Gulf of Mexico until wmaturity
1s reached, at about 25 centimeters (9.8 inches), although many adults linger around
the entrances to the passes at all timee of the year. On the arrival of cold
weather most of the trout move off into the deeper waters of the bays or the Gulf.
Deep holes or channels that are fished during freezing weather are found to be
filled with fish. An example of the movement of trout into deep water during cold
waves was afforded during the winter of 1926-27, when a newly completed ship
channel near Corpus Christi, at the mouth of the extremely shallow Nueces Bay,
became crowded with fish during each cold period. Anglers who fished around the
edges of this channel secured heavy catches of trout during the cold weather, but
when warm days arrived the fish would scatter over the shallow waters and the
fishermen's catches would decrease. Many trout are said to die when caught un-
awares in shallow lagoons during sudden cold weather, so sensitive are they to the
cold.
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Many of the larger trout leave for the warm waters of the Gulf of Mexico iun
winter and in early spring enter the bays in order to spawn and feed. Commarcial
line fishermen take advantage of this pronounced movement into the bays by fishing
in the more shallow passes, such as Corpus Chrisci, during the early spring moaths.
By May the movement virtually ceases, and the adults distribute themselves through
most of the bays. Many trout, both young and old, wander into brackish water, as
" abundaont collections of fish from such localities as Aransas and Copano Creeks show.

In Chesapeake Bay, the northern range of the species, Hildebrand and Schroeder
(1928, p. 297) observed two definite periods of abundance--from March to May and
from September to November. This fact probably is due to the same general seasomnal
movements as were observed along the Texas coast--the fish coming into the shallower
waters during the spring for spawning and feeding and leaving in the fall for
deeper, warmer waters. In the vicinity of Corpus Christi the warm waters of thsz
Gulf are near at band, and consequently all seasonal movements are less pronounced
than in the more northern regions.

Definite schooling prior to and during spawning must occur to some extent,
although no very satisfactory evidence could be obtained by the writer. 1Lt would
appear from ceollections that smwall groups of fish make up the spawning units at
various localities. This view would seem reasonable for the extended spawning
season is hardly in accord with continued schooling of adult fish.

The larger trout travel in small schoels, as do the redfish, drum, and croak-
ers, but the movements of these schools are difficult to follow, possibly because
of their aimlessness. Young, immature fish usually are well scattered but generally
are found in certain localities at all times.

FOOD HABITS

The food of the spotted trout, as indicated by an examination of the stomach
contents of 220 fish ranging in length from 6 to 60 centimeters {2.3 to 23.6 inches),
is composed largely of various species of marine shrimp and fish. Table 25 presents
in percentages of the total number of fish in various length groupings, the preference
for defimite organisms and also the percentage of the total number of fish of all
sizes that feed exclusively on these definite forms. Of the 220 trout, &1 per ceunt
had been feeding on shrimp exclusively, usually Peneus, 24 per cent had eaten fish,

1 per cent crabs, and 14 per cent mixed organisms. The mixed food usually was
composed of shrimp and fish. The food of the trout, according to the size of the
fish (6 to 60 centimeters), appears to be fairly uniform in character.

The various species of fish captured and consumed by the spotted trost include
principally the young of the croaker, spot, and mullet, besides the voung and adult
Menidia and Anchovia. Small grass-dwelling fishes, such as the gobies, also are
eaten extensively.

The avidity of the trout for its favorite foed, the shrimp, is attested by
the success fishermen have when they use this crustacean as bait. Often coumercial
hook-and-line fishing is suspended for lack of shrimp with which to bait the hooks.

The preference of the fish for the clear waters of the more quiet, grassy-
bottomed coves and lagoons might justly be attributed to the habit of the trout of
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selecting its food with some care, taking in little mud and debris, as is customary
with such species as the black drum, croaker, and spot, which prefer as feading
grounds areas covered with littls or no vegetatiom.

COMMERCIAL CONSIDERATIONS

The spotted trout (squeteague) has commercial importance from Delaware Bay
to the Rio Grande. It is essentially a warm-water, coastal fish, the center of
its natural abundance being in Florida and the Gulf States. The maximum recorded
size for the species is 16 pounds for a fish from Chesapeake Bay. Individuals
weighing over 10 pounds are rare, however, particularly along the Texas coast.
The fish is always in market demand and brings a good price to the fishermen at
all times of the year. Table 26 gives the catch of spotted trout in certain years
as shown by the records of the United States Bureau of Fisheries.

The spotted trout is the most valuable marine food fish of Texas. Its
popularity, both as a game and a market species, has lead to wmany controversies
as to the best method for protecting the fish against overfishing.

The commercial catch is made principally with hook and line in and about the
passes and chammels (which are closed to net fishing) and with drag seines in the
more remote open bays and lagoons. A small amount of gill-net and trammel-net
fishing is done during the winter, principally along the northern Texas coast,
while a few fish are taken at times with light surf seines along the beaches in
the Gulf of Mexico. The drag seines, because of their superior efficiency, account
for the greater part of the commercial catch.

Besides by the closing of extensive areas to net fishing, the spotted trout
are protected by a minimum legal size limit of 12 inches (30.5 centimeters). This
limit, in general, allows the species to reach maturity unmolested, as well as to
attain an adequate wmarket length.

While the imposition of a minimum legal size limit appears to be justified,
both from an economic and a biologic standpoint, there is some question as to the
actual value to be derived from closing extensive marine areas to net fishermen
while permitting commércial hook-and-line men to operate anywhere at all times of
the year. The closure of most of the inland bays (excepting Oso and Nueces) was
prompted by a desire to allow the spotted trout to spawn unmolested. Line fisher-
men assert that when drag seines are allowed to operate in the bays they destroy
young trout as well as other food fishes. No concrete evidence in support of
this supposition exists, however, since few impartial observers have witnessed
extensive seining operations. The usual method of fishing with drag seines within
the Texas bays and lagoons allows the entire net to be in the water until all fish
are removed, The gradual hauling of the seine permits most of the illegal fish
to escape through the meshes, while any illegal-sized fish that may have gilled
are removed and thrown back into the water. Extensive fishing operations conducted
by the writer in favorable spotted-trout localities failed to reveal the destruc-
tion of any appreciable quantity of young fish (the net used was a standard Texas
drag seine, such as is employed in the commercial fisheries). While some yoing fish
{not food species in particular) may be dragged along in the detached bottom
vegetation, there is little reason for supposing that these fish die when they come
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into contact with small quantities of this vegetation. By law, as well as f{rom ths
needs of the fishery, seimes full of fish can not be dragged upon dry lauwd. Since
such a practice does not exist, to the writer's kunowledpe, ne great destruction

of young, unmarketable trbut caun bs possible.

The small, natural passes should be closed to all fishing operations, whether
sport or commercial, for extended movements of trout as well as other food fish
hecessitate the use of these passes. Commercial and sport hook-and-line fishermen
congregate in large numbers about the shallower passes, such as Corpus Christi, to
take toll of the ripening or wigrating trout on their way to or from the bays and
lagoong., Such a condition is mot favorable to the fish and consequently is
detrimental to the fisheries as a whole.

Higgins and Lord (1926, p. 180) pointed out that nmo evidence could be found
that would indicate that the stock of spotted trout along thé Texas coast is under-
going depletion. As stated befdre, it is not known how to determine the extent to
which a fishery may be prosecuted except by actugl trial by unrestricted fishing
effort. With the present tendency to discourage.the use of the most efficient
types of fishing gear in Texas, it cam hot be expecred that the amnual catch of
trout will be increased to any great degree.

SUMMARY

1. The spawning grounds of the spotted trbut in Texas lie within the inland
bays and lagoons, often close to the passes and the Gulf of Mexico. The spawning
season extends from early April to September, and the height of the season is
reached in April and May.

2. The young trout are found in large numbers along the grassy-bottowed shore
lines in more or less definite localities preferred by the adults as spawning areas.

3. The species attains an average length of approximately 6, 10, 12, 14, 16,
18, 19, and 20 inches by the end of the first to the eighth winter, as indicated by
scale study. The extended spawning season, however, causes a wide overlappiug of
age classes.

4. Sexual maturity is reached by the end of the second or third year, at a
time when the fish generally attain a legal market lenmgth of 12 inches.

5. The food of the spotted trout consists largely of shrimp and small fishes.

6. The natural passes, such as Corpus Christi, should be closed to all forms
of fishing, since they constitute necessary passageways for the trout, ag well as
other food fish, from the bays into the Gulf of Mexico, and vice wversa.

NATURAL HISTORY OF THE CROAKER, MIGROPOGON UNDULATUS
(LINNAEUS)

Croaker, Hardhead
DESCRIPTION OF ADULT

The adult croaker has a rather robust body with a somewhat zlevated and com-
pressed back. The mouth is horizontal and inferior, and Uhe chin has several pores
and a row of short, slender barbels on each side. All jaw teeth are small. The
color is generally grayish silvery above and silvery white below; the upper part of
body is highly irridescent in 1ife. The back and sides have many brassy or brown-
ish spots arranged in irregular, wavy, olique bars on the sides. Both saxes are
capable of making a croaking sound, which may be heard when the fish is under the
water or after it has been removed from the water. {See fig. 36.)



- 39 -

DESCRIPTION OF YOUNG

The larval croaker of about 6 millimeters lemgth is transparent, and the larval
fin fold, or membrane, extends from the vent to the anal fin and aloog the caudal
peduncle, both dorsally and ventrally. The vertical fins are fairly well differ-
entiated, the anal rays being distinct and usually having a ceunt of II-8. The
dorsal soft rays are not so well developed, and the spines are not vet visible.

I'he pectorals and ventrals are inconspicuous. The pigmentation is quite distinctive
and helps to identify the larval and post-larval croakers from larval and post-
larval redfish and black drum. Two very small chromatophores are at the base of

the anal fin--one generally between the first and second soft rays., the other
directly posterior to the last ray. The presence of these two markings seems to

be constant in all specimens examined, up to a length, at least, at which little
doubt exists as to the correct fin-ray count. Three to five small chromatophores
Lie posterior te the anal fin along the ventral edge of the caudal peduncle. No
dorsal chromatophores are evident. (See fig. 33.)

At a length of 11 millimeters a croaker has all rays in the vertical fin
distinct, with the usual count of IL-8 for the anal and X, I-29 for the dorsal.
The fin fold has disappeared, and the caudal fin is now considerably produced, a
condition that at once separates the species from the spot (Leiostomus xanthurus?.
Pectorals and veuntrals are distinct but not prominent. The ventral chromatophores
may or may not be present, but usually are, with the addition of several smaller
ones at the base of the caudal fin. Teeth and opercle spines are well developed.
(See fig. 34.)

When Texas croakers reach a length of about 30 millimeters (1.1 inches}, they
closely resemble a 30-millimeter specimen described by Welsh and Breder {1923,
p- 182), and their description is given in part. (See fig. 35.)

A croaker 30 millimeters long has the spiny armature of the head strongly
developed, the mandibular barbels are in evidence, and the shape of the body ap-
proaches that of the adult. The caudal has a flowing extension of the lower rays,
the longest ray being about equal to the length of the head. The color {in preserved
examples) is pale throughout, punctuated with groups ¢of brownish chromatophores in
regular rows, 8 on the dorsal line from head to base of caudal, 8 to 10 on a line
from the opercular flap to caudal, a less distinct row lying between these. (in
Texas specimens the dorsal row always appears the most pronounced.) The snout, pre-
maxillary, tip of spinous dorsal, base of anal, and base of caudal rays are
punctulate with brownish. The adult color pattern is assumed gradually after a
length of 3 centimeters is reached, but the fish retains itsgreatly lengthened
caudal fin until a much larger size.

SPAWNING AND EARLY DISTRIBUTION OF YOUNG

Along the coast of Texas the croaker (Micropogon undulatus) spawns in the late
fall in the open Gulf of Mexico mear the mouths of the various passes that lead into
the shallow bays and lagoons., Together with the spot (Leiostomus xanthurus)} this
species greatly outnumbers in natural abundance the other members of the Scigenidae;
and, as a result of this abundance, particularly of young, observations on the
spawning and distribution of larval and post-larval fish were clear cut and
informing.
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Soon after the first larval redfish had beeo discovered in the vicinity of
Aransas Pass, Texas, in October, 1926, a deluge of larval croakers filled the pass
on each incoming tide. The concentration of the young rish was most remarkable.
Thousands were obtained in a short haul with a silk tow net in the deeper waters
of the pass itself and thousands more were obtained along the Gulf beach adjoining
the pass by weans of a small minnow seine hauled along the surf line in a few feet
of water. (See Table 27.}

During September and QOctober a noticeable migration of ripe adult croakers
from the bays to the Gulf was indicated by the frequent collections around the
passes and the lessening numbers of fish in the more remote lagoons and bays. Tt
was not expected, however, that a profusion of young would result from this spawn-
ing, since the size of the adult Texas croaker rarely rumns over 30 centimeters
{11.8 inches)--much smaller than the Atlantic coast fish.

Both Aramsas and Corpus Christi Passes were fished in order to find young
croakers and young redfish, and the confusion that resulted from rhe mixture of
these two species {(which resemble each other closely in larval forwm) was disconcert-
ing to the investigator, who for a time did not know which fish was being taken
in such great numbers. Thousands of larval and post larval croakers were obtained,
however, compared with the tens of redfish, as comparison of Tables 4 and 27 shows
clearly, although much more time was spent trying to find the voung redfish.

The young crogkers came into the bays from the Gulf op the incoming tidal
currents, to be distributed over the many miles of intercoastal waters. A deter-
mined attempt on the part of the post larval and young fish to gain the shelter of
the bays was observed on many occasions. Few fish could breast the stroag current
of the ebb tide, but the young croakers, massed in schools, were seen attempting to
enter the passes by hugging the sides of the channels and to take advantage of the
slower current in the shallower water as well as the counter wash from the Gulf
surf, which tended to offset the outgoing current from the bays and lagoons. Care-
ful fishing around Corpus Christi and Aransas Passes showed bevond any doubt that
the young were striving to get through the passes into the quiet bay and lagoon
waters. This important fact in the life of the fish was observed in the case of
the spot, also, and there is no reason to doubt that the other Gul §-spawned
Sciaenidae, particularly the redfish and drum, also make a deliberate attempt fo
reach the bays from the spawning grounds outside of the passes. That such an at tempt
was not noticed in the case of the redfish and drum probably was due to the fact
that these fish occurred in less abundance.

A marked and interesting concentration of post larval croakers was found to
take place during the height of the spawning secason in November, 1926, in
the angle of the rock jetty at Aransas Pass lying on the north side of the pass.
Thousands of young congregated along the Gulf beach in the immediate cormer of the
jetty, while in the opposite angle, formed by the south jetty, few, if any, young
ever were obtained. This concentration was most noticeable during flood or incom-
ing tide, while the ebb tide had the effect of taking the young fish offshore.

While no definite reason for this curious fact was ascertained, it is believed
by the writer (in the light of later observatious made on the young spots, as well
as observations at the time) that this concentration of young on the north side of
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these modes correspond well with the size snd age estimates of Welsh and EBreder for
Atlantic coast croakers, in which they approxiwmate the length attained for the first
four winters at 4, 15, 22 and 27 centimetars. A few months of spriog growth pro-
bably would have brought the Atlantic fish to about the size sheown by croakers
collected in May, 1926, along the coast of Texas. Length frequencies of 243 croakers
taken in Pamlico Sound, N, C., during June, 1925, showed clear modes at 18 and 24
centimeters (Higgins and Pearson, 1927, po 45), which are identical with the modal
lengths of Texas croakers takem in May, 1927.

SIZE AND AGE AT MATURITY

The first collection of croakers with well developed roe and evidently pre-
paring to spawn was taken on September 28, 1926, in Laguna Madre mear Corpus Christi
Pass, while the last sample of ripe or nearly ripe fish was secured about a moath
later in the same general locality.

Table 29, giving the lemgth distribution of 230 matured croakers, shows a range
in length from 14 to 37 centimeters (5.5 to 14.5 inches) and a modal length for the
entire group of 22 centimeters (8.6 inches). This mode corresponds with the actual
length~frequency mode for fish caught in October, 1926, and judged to be at the end
of their second year. It appears, therefore; that sexual maturity must be reached
and spawning takes place for the .first time at the end of the second vear of life.

Welsh and Breder (1923, p. 183) stated that maturity is reached at the age of 3
or 4 years in the case of the Atlantic-coast fish, but did not explain whether spawn=
ing took place at the beginning or at the end of the third or fourth year., Hildebrand
and Schroeder (1928, p. 284) estimated the roe of & female croaker, 39 centimeters
long {15.3 inches), taken in October, 1921, in Chesapeake Bay, to contain approxi-
mately 180,000 eggs of uniform development.

SEASONAL DISTRIBUTION AND MOVEMENTS

After entering the bays and lagoons the young croakers, voluntarily and other-
wise, are distributed throughout most of the inland waters. So abundant are they
and so hardy are the young that hardly a locality seined or trawled, either within
the bays or in the open Gulf, failed to yield large catches. Unlike the redfish
and black drum, large numbers of the young croakers remain in the Gulf, although
shallow, muddy, brackish-water lagoons and bays hold thousands of the young fish.
The young crosker when a year old onm the approach of their second winter go into the
deeper waters of the bays and Gulf in large numbers, where many of them are caught
in the shrimp trawls that operate extensively at this time of vear,

By the end of the second year a marked reduction has taken place in the natural
azbundance of the species. At this time a migration of the matured fish rakes place
from the bays and lagoons to the Gulf, where the fish remain during the spawning
season and the following winter, to return again in small numbers the following
spring. Table 29 was compiled from miscellaneous catches of ripe croakers taken
from schools of fish on their way to the Gulf for spawning. Near Corpus Christi
Pass is situated a large hole or depression in the channel leading iato Laguna Madre
proper {Packery Channel}, which at low tides is almost cut off from the waters of

the pass and the lagoon. During the fall of 1925 many ripening croakers temporarily

congregated in this hole on coming out of Laguna Madre on their way to the CGulf,
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SUMMARY
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WATURAL HISTORY OF THE SPOT, LEIOSTOMIS XANTHURUS
{LACEPEDE)

Spot; Flat Croaker; Lafavette
DESCRIPTION OF ADULT

The adult spot may be distinguished from other closely related species by its
comparatively short compressed body, elevated back, short head, blunt snout, and
small horizontal mouth. The color above is bluish grav with golden reflections;
silvery beneath; the sides have from 12 to 15 obligue yellowisk {dusky in preserved
specimens) bars in fish above 50 millimeters (2 inches). A large vellowish black
spot is found on the shoulder, and the fims generally are pale. #Sse fig. 42}

DESCRIPTLION OF YOUNG

Young fish, 7 to 15 millimeters long, generally are wores slender than the adults
and usually are lacking in pronounced pigmentation, which distinguishes them from
related speciess A specimen measuring 7 millimeters had the larval fin fold extend-
ing from ths vent to the anal fin, as well as both dorsally and veontrally along thse
caudal peduncle. The presence of 12 anal rays and the lack of pigmentation on the
body separate the fish from the other sciaencids. A truncate caudal fie alsc is a
character that serves to distinguish the species in its young stages. (See figs.

39 and 40.) Young spots 20 to 50 millimeters (0.8 to 2 inches) long are quite pale,
with the sides of the head silvery and the sides of the body and back with a row of
dark blotches composed of dusky punctulations. (See fig. 41)

SPAWNING AND EARLY DISTRIBUTION OF YOUNG

Along the Texas coast the spot spawns in the Gulf of Mexico in close proximity
to the mouths of the passes that lead into the intercoastal waters. The spawning
season is extended from late December until the last of March, but the height of the
period is reached during January and February. The larval and post larval fish
enter the bays and lagoon in great numbers and become distributed over a larpe extent
of territory in & manner comparable to that of the croaker.

The first collection of larval amd post larval fish that resulted from ths
spawning season of 1926-27 was secured on December 23, 1926, in the Gulf of Mewxico
outside of Aransas Pass by means of a small seimwe that was swept along the shore
north of the rock jetties. A few weeks previocus this locality yielded large numbers
of larval and post larval croakers, and it was soon learmed that the voung spots
could be taken in the same localities where the croakers were a short time before.
The newly hatched spots were extremely abundant around both Aransas and Corpus
Christi Passes throughout January and February, and the young spread rapidly through-
out. all the bays and lagoons, {See Table 30.)

As late as March 30, 1927, post~larval fish were secured on their way into the
bays, although the nuwmbers had decreased greatly. The surge of young into the bays
made it possible to trace them easily. Observations showed that the young spots mot
only came iunto the bays with the incoming tidal currents, but, like the crogkers,
they sought to gain their way through the passes against the tide. The schools of
post-larval f£ish invariably sought the side of the pass where the velocity cof the
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current was weakest, and a small minnow seine hauled at advantageous points at
times secured thousands of the young that were attempting to gain the shelter of
the bays.

In Chesapeake Bay, according to Hildebrand and Schroeder {1928, p. 274),
"spawning takes place in late autumn and probably in winter and apparently at
sea, for in the fall a gemeral exodus of large fish with maturing roe takes place
from the bay, the height of this migration occurring during late September and
throughout October.” This fall migration of ripening adults was observed in Texas,
although it was not so pronounced as it appears to be along the Atlantic coast,
where the center of abundance is located. Welsh and Breder (1923, p. 1773 stated
that spawning time for the species is in late fall or early winter and appears to
be the same in both Atlantic and Gulf waters.

GROWIH AND AGE

With an exrended spawning period, it might be expected that a comsiderable
range in length occurs among the young spots. While this is true in general, it
does not interfere with the ability to trace the growth of the species during the
first two years of life. The length distribution of 3,471 spots, grouped into
approximate 4-week periods, is givenm in Table 31.

Following Figure 43 {a smoothed frequency graph secured from the data in
Table 30}, the first period of collection through the weeks of Marck 28 to April
25, 1926, showed the presence of the first two year classes having modal length
at € and 19 centimeters {2.3 and 7.4 inches). The youngest or 0 class grew rapidly
during the following summer, reaching a modal length of 13 centimeters 75.1 inches)
by October 10 to 31, 1926. Growth of this class during the winter of 1926-27 was
not great, but by the end of May, 1927, a modal length of 18 centimeters (7.1 inches?
was attained.

The T class; represented by a modal length of 19 centimeters (7.4 inches) in
April, 1926, showed very little growth during 1926. At the eand of its second year
{November to December, 1926) this I class apparently migrated from the bavs to the
Gulf of Mexico for spawning purposes and did not return to the bays in the spring
in any counsiderable numbers.

The month of December, 1926 {see table 303, brought a new year class of spots
into existence. The modal length attained by this youngest or 0 class by April
17 to May 22, 1927, was about 7 to 8 centimeters (2.7 to 3.1l inches), with a leugth
distribution ranging from 4 to 12 centimeters {1.5 to 4.7 inches?. The modal length
reached during the period from March 20 to April 10, 1927 {6 centimeters}, by this
0 class was identical with the modal length observed for the 0 class from March 28
to April 25, 1926,

During the early part of 1926 two distinct modes usually served to distinguish
the first two year classes, but after May, 1926, a considerable overlapping between
the first and the second year classes resulted, probably owing to the greater rate
of growth of the youngest or 0 class and the reduced rate of growth of the seccnd
or 1 classs An unusual feature in the length frequencies is the presence in the
catch from May 30 to June 27, 1926, of an unusually large pumber of spots at 13 to
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14 centimeters (5.1 to 5.5 inches) when the true modes for the two classes would
appear, from other collections, to be at 8 and 19 centimetars £3.1 and 7.4 inches).
It is assumed that the fish making up this 13 to 14 centimetzr mode were composed
of rapidly growing fish of the 0 class or unusually small fish of the 1 class,

or both.

Hildebrand and Schroeder (1928, p. 274) estimated that the spot in Chesapeake
+ Bay attained a length of about 13 centimeters (5.1 inches) at 1 year of age. This
is but slightly less than the size reached by the Texas spots, which is about 13 to
14 centimeters (5.1 to 5.5 inches) by the end of the first year and 19 to 21 ceati-
meters (7.4 to 8.2 inches) by the end of the second year, The maximum length
attained by the spot is recorded for Chesapeake Bay fish by Hildebrand and Schroader
(1928, p. 276) at about 34 centimeters (13.4 inches). Welsh and Breder {1923, p.
179) stated that fish from 26 to 28 centimeters long, and probably im their third
year were taken abundantly at Atlantic City, N. J., in the summer of 1920. Collec~
tions of Texas spots revealed but 3 fish out of 3,471 that were over 25 centimeters
(9.8 inches) in length. It must be concluded, therefore, that few fish reach an
age of over 2 years in Texas coastal waters.

SIZE AND AGE-AT MATUORITY

With few Texas spots reaching an age of over 2 vears, it seems probable that
most of the annual spawning must be done at the end of the second year. Small
numbers of ripering adult spots were taken in early December, 1926, near the Passes,
and the length distributions of these fish indicated that they belonged to the I
class at the approach of the end of the second year. The lengths of the fish
ranged from 17 to 21 centimeters (6.7 to 8.2 inches). The migration of the spawning
fish out of the bays prevented the taking of large collections of adults.

SEASONAL DISTRIBUTION AND MOVEMENTS

During its first year the spot is extremely abundant in all of the intercoastal
waters, as well as in the Gulf of Mexico in the vicinity of the Passes. After
entering the bays the larval and young fish tend to remain in the shallower lagoons
and coves until the coming of cold weather (the winter following hatching}, when
many fish move into the deeper waters of the bays and Gulf. Trawls operated in the
deeper waters of the bays secure many spots in winter and spring. The young spots,
like the young croakers, do not all come into the bays, for many are secured around
the Passes throughout most of the year.

A great decrease in matural abundance occurs between the first and second years
and particularly at the end of the second year. Along the Atlantic coast the spot
has long been known to make a spawning migration in the fall of the year, evidently
going out into the deeper waters of the ocean to spawn and for winter protection.
This spawning migration takes place along the Texas coast, likewise, and with the
general exodus of the 2-year-olds from the bays they disappear forever, for the most
part into the Gulf of Mexico.

Hildebrand and Schroeder (1928, p. 274) noticed that spots are very thin and
poor in Chesapeake Bay in the spring of the year, indicating that much energy has
been spent in the process of reproduction. It may be safe to state that the majority
of the spawning 2-year-old Texas spots fail to survive after the first spawning.



i

-~ 47 -

FOOD HABITS

No examination was made on the food of the Texas spots. WHildebrand sud
Schroeder {1928, p. 272) recorded the stomach contents of 157 spots from Chesapeake
Bay as consisting mainly of small wminute crustaceans and annelids, together with
smaller amounts of small mollusks, fish, and vegetable debris. Welsh and Breder
{1923, p. 179) mentioned that Florida spots had principally swall crustaceans, such
as amphipods and ostracods, in their stomachs.

COMMERCIAL CONSIDERATEONS

The spot is not marketed along the coast of Texas to any great extent for the
chief reason that few fish of suitable market size are taken in the nets of the
fishermen. Occasionally a few fish about 25 centimeters long (9.8 inches) are
marketed with mixed catches of fish, but from Corpus Christi to the Rio Grande the
species is virtually unknown in the market. With the spot, as with the croaker,
it would seem that the species does not attain sufficient size to be considered
of much value, although it is somewhat of value as a food for other Ffishes, such
as the spotted trout.

SUMMARY

1. The spot spawns in the Gulf of Mexico at the mouths of the passes, and the
young come into the bays in great numbers,

2. A length of about 14 centimeters (5.5 inches) is attained by the end of the
first year and about 21 centimeters (8.2 inches) by the end of the second vear,

3. Spawning occurs at the end of their second year, and after the first spawi-
ing most of the 2-year-old fish apparently perish.

4, The species does not attain sufficient size along the coast of Texas for
it to be considered a market fish.

SUMMARY OF RECOMMENDATIONS

While certain definite recommendations as to conservation and development of
the Texas coastal fisheries have been offered for each species of fish considered in
this paper, it seems desirable to present a summarized discussion of them.

At the present time the State of Texas relies upon two major methods of fishery
conservation--{I) the imposition of a minimm and maximum legal size limit on certain
species of fish and (2) the closing of extensive areas of marine waters to net fisgh-
ing. The former method, which prohibits the sale or possession of the less valuable
redfish under 14 and over 32 inches in length, and the spotted trout under 12 inches,
undoubtedliy has proved of value both to the fish and to the industry, feor it allows
the redfish and trout to reach a profitable market size and {in the case of the
redfish) protects nearly all of the adult or matured fish.

The black drum never has had the advantage of either a minimum or a maximum
size market liwmit, principally because it has been so abundant in the past and be-
cause of its low market value. The day is rapidly approaching, however, when the
black drum stock will be subjected to more intensive fishing than in the past.
While several bays that support fish populations consisting largely of drum have been
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closed to met fishing {0so and Nueces Bays and Laguna Madre), this protection is
offset largely, at the present tims, by a fishery operated oy a few individuals to
capture the large, migrating drum on their way to the spawning grounds. This
fishery has been described on page 26. The larger black drum, like the larger ved-
fish, have very little market value but constitute an important element in the aunual
repilenishment of the species. Moreover, many of these larger fish are wasted by the
fishery. At the present time sport fishermen and commercial hook-and-line fisher-
men cast quantities of them upon the beaches to die, and in late winter the local
gill-net fishery in Corpus Christi Bay utilizes omly the female roes and z small
amount of the coarse flesh of the larger fish, which frequently is infested with
parasitic worms.

It seems logical, from an economic and biological standpoint, to place a maxi~
mum legal size limit on the black drum. This limit should be gbout 20 inches total
length, since few drum larger than this are haundled by the more conservative fish
dealers, who recoguize their general unpopularity and undesirability. As in the
case of the redfish, this limit should insure, primarily, a permanent supply of
spawning fish. There should be no serious objection to this proposed limit, for it
is well known that drum above 20 inches in length are extremely prolific as com-
pared with the younger mature sizes, and that such fish are of slight value to the
industry. The further imposition of a minimum legal size limit at 8 inches total
length is suggested in order to save the young fish until a time when an adequate
market value can be realized.

Along with the imposition of these legal size limits for black drum, it is
recommended that Oso and Nueces Bays and Laguna Madre be opened so that the fishing
industry may utilize more of the black drum before they attain an undesirably
large size. Oso and Nueces Bays yielded fairly large quantities of drum in the
past, and the writer believes that if the recommended legal size limits are adopted,
commercial seining in these bays can be resumed. The presence in these warers of
large areas in which fishing operations can not be conducted {owing to mud bottou,
oyster reefs, and debris) will give all the fish a certain amount of protection.
While it will cause the fishermen a little trouble to liberate all drum under 8
inches and over 20 inches, it is believed that they would be willing tc go to this
trouble tc secure market catches of the more valuable sizes. Gill nets, or forms
of gear that generally cause the quick death of the fish, should be forbidden in
both Oso and Nueces Bays and similar waters. Likewise, the opening of Laguna Madre
south to and including Baffin and Alazan Bays is recommended, The excessive salinity
that occurs at times within the closed section of this lagoon destroys great
quantities of fish with no benefit whatsoever to the State of Texas, and better
utilization of those fish within the lagoon (mainly black drum) wndcubtedlv could
result from more intensive fishing than is permitted at the present time.

The closing of many inland bays to net fishing has afforded considerable
protection to the spotted tront throughout the year. The greater part of the closed
territory is considered spawning ground for the trout, although it is known that the
closing of such territory throughout the year prevents the taking not only of non-
spawning trout but of all other species of fish that come into the closed areas. The
assertion has been made (usually by cowmercial linme fishermen, who are allowed to
operate in all closed waters) that the bays were closed tc net fishing primarily on
account of the destructiveness of the drag seimes. This view, as stated on page 37,
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seems to have little foundation, for from extensive tests with commercial ssines and
from examination of commercial catches the writer found no evidence of seriocis waste
of f£ish from the use of ths drag ssines.

The closing of marine waters to the most efficient types of gear brings up the
question of whether such a method is the most valuable for property comserving the
spotted trout or whether some better means can be devised, whereby the closed bays
may be opened for part of the year. At present large numbers of ripening and ripe
trout are captured in open territory by seines and about the passes and in closed
waters by hook-and~line fishermen. A closed season during the summer was in effect
at one time in Texas, but such a wethod has the serious disadvantage in a mixed
fishery cf not only stopping the capture of trout but of all other species of fish

as well. The virtual abolition of the entire bay and lagoon fishery during the peariod

of the closed season renders this method decidedly impractical. Tt is probable tnat
the continued closure of the present closed areas {with the exception of Oso and
Nueces Bays, Laguna Madre, and Padre Island Beach) is a better means of conserving
the trout; with least harm to the industry as a whole, than any other.

In addition to the continued closure of certain bays, it is urged that the
immedigre vicinity of all the natural passes, particularly Corpus Christi, be closed
to all methods of fishing. It has been pointed out in previous chapters that it is
necessary for the redfish, black drum, and spotted trout to use the passes during
spawning or seasonal migrations. The passes are the key to the inland waters, and
disturbances caused by fishermem and tourists about the smaller, shallower natural
passes produce conditions unfavorable to the movement of these fish into or out
of the bays and lagoons.

The complete closure of Padre Island beach is believed to be unwarranted, and
the opening of this 180-mile stretch of nearly virgin fishing territory to all forms
of gear is strongly recommended. Large quantities of food fish of species seldom
found elsewhere along the Texas coast occur along this shore line. Robalo or Gulf
"pike,' pompano, Spanish mackerel, redfish, and spotted trout are found here in
considerable numbers. Pound for pound, the most valuable Texas fish, the pompano,
occurs iu commercial quantities only along the Gulf beaches. Large schools of
these fish offen are seen by fishermen along Padre lsland, and abundant collections
of young made by the writer in 1926 and 1927 near the passes indicate the presence
of many adults in the Gulf surf. With the opening of Padre Island, modern surf-
fishing gear should be employed by the fishing industrv to secure the largest
catches c¢f fish. While it is recognized that hordes of sharks and other predaceous
fish render fishing here wore difficult than in the inland bays, such gear as that
used along the coast of Florida certainly would make profitable catches at certain
times of the year.

In the above discussion the writer has attempted to present a few recommenda-
tions as to practicas that he believes will benefit the Texas coastal fishes and
fisheries. The proper regulation and development of any fishery, however simple,
is a difficult matter, particularly when the many biological and economic factors
affecting the fishery change constantly. Some sort of an indicator is necessary to
show the tread of abundance of any particular fish stock. Such an indicator is
provided in adequate fishery statistics. Should the redfish stock be overfished,
this condition would be reflected in the decline of catch per unit of gear. with
the result that effort could be made to rehabilitate the stock.
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The writer urges the passage of a law requiring the collection of statistical
data in Texas, so that the future trends in abundance of the various species of food
fishes may be discerned wore easily than is possible at the present time. There is
no way at present to determine the actual annual catch of any particular spacies of
fish along the Texas coast in any locality, except from statistics collected by the
United States Bureau of Fisheries every five years.

For some time several States have successfully operated systems of collecting
fishery statistics, which in their gemeral features might be used advantageously by
the State of Texas. The most suitable of these consists essentially in securing
original records of the daily catch of each species of fish wade by each individual
fishing boat or unit of gear. Such a record could be collected easily by providing
each dealer with manifolding receipt books, in which the landings or original sales
of fish should be recorded. A duplicate copy of the receipt should be the preperty
of the State, to be collected and filed for compilation and analysis.

The various facts in the life histories of the redfish, black drum, and spotted
trout, as presented in this paper, suggest many new lines for biological investiga-
tion of the fisheries. The need for scientific research to determine the exact
biological relationsbip between the Gulf of Mexico and the inland waters, the
distribution of fish eggs and voung prior to their entrance into the bays and
tagoons, and the possibilities in developing a practical method of artificial
propagation of the leading marine food {ishes offers an abundant field for study.

In conclusion, a condensed summary of the above recommendations is given.

1. The establishment of minimum and maximum legal size limits for black druwm
(the minimum length at 8 inches, the maximum at 20 inches).

2, The opening of Oso and Nueces Bays and Laguna Madre to seine fisking in
order to utilize black drum of the more valuable sizes and to prevent the economic
waste (in the case of Laguna Madre) of many food fish that now perish as a rasalt
of occasional cold weather and excessive salinity.

3. The opening to all forms of fishing gear of Padre Island Beach along the
shores of the Gulf of Mexico in order to utilize the large quantity of food fish
occurring in this territory. _

4. The clesing of the immediate vicinity of the smaller matural passes
(particularly Corpus Christi Pass) to all methods of fishing, since most of the
shore fishes utilize these passes during spawning or seasonal migrations.

5. The adoption of an adequate system of collecting fishery statistics to
provide means for learning the trend of abundance of the various species of warine
food fishes and to indicate the possible need for modifying existing regulations.

6. The continuing of biological research along the Texas coast to determine
the practicability of artificial propagation of the leading food fishes and
devising better methods for conserving and utilizing the marine resources of the
State.
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TABLE 4--Collections of larval and young redfish {Sciaenops ocellatusy during the
spawning season of 1926,

Length Miles
Date of Capture No. -ra?gefif Locality 1 from
Pofn | meters pagpest
O B e PR £9 11-24 ) Harbor Island Light-=--=vceenan- 1
OCt, 18=mmm oo 128 6-34 | ~--~d0-mmezmmmmemm e %-1
2 7~211 Lydia Ann Channel-----w-wee- - 1
Oct 20mmwmmm e e m ‘{EB 13-29] West side, Harbor Island-~--=-i 34
Octe22-mmmmr e e e e 4 23-261 Ingléeside Cove-mwmememmrmmnmus 12
et .25 mmmm s mm 30 10-26 | Harbor Tsland-=r-m=smnmncamman | &1
Oct.27 {:2 . 25| Corpus Christi Bay bv Os0--m-= 10
5. 15-29] Shamtock Covemw=-==mmmnmunn I —— 12
Oct.28--rmrem e e 10 7-18] Laguna Madre--=-rm=wmwmvasoo -] a1
63 5-27] =r--- dOm e m e o 3-1
OCt 29 mmmmmmm o m oo 15 7-26 <--n- A0 m m e e e e e 4
49 5elh] -mw=idoemrmmmmmmcm o= | 103
NOV fwmmimm m e e 169 6-40{ Harbor Island Light-=--=--- e 1
Nov.9mmeome e e e m v e 163 12-50 ] Hatbor Island~~---mromrmmmmn o 1-3
3 11-15] Laguna Madre-=-w=--commmmamnm-- %-1
NOw 15 mmmm mmm et {;5 13-28] Ingleside Cove------ e mrma—- 12
Nov, 23--memm e e e 132 10-601 Harbor Island=--me-——ccwnnamnnn 1
e -9 17-53 ] ===-- o= mmm e 1-3
l-Approximate

TABLE 5--Relative size and abundance of young redfish about Corpus Christi and Aransas

Passes during October to November,

1926 (from Table 4)

Total

Average minimum and maximum lengths,

in millimetersm - mm o s e e

number of fish taken---re-cmocmcmocmoo o
Number of fish taken, in percentage

Distance, in miles, from nearest
pass
¥ tol 2 tod S5 to 12
636 264 26
68 29 3
8-29 11-34 19-28




in Chesapeake Bay in 1921, by Rildebrand and

TABLE é--Collections of young redfish
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Fig. 9--Growth of redfish during first 14 months of life. (Based on Table 8)
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TABLE 7--Length-frequency distribution of redfish takeu in Texas, Marcr, 1924

1927.

{Collections summarized into approximate bimonthly periocds)
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1927 ==Contis

TABLE 7~-Length-frequency distribution of redfish taker in Texas, March,
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{Collections summarized into approximate bimonthly periods?

TABLE 7--Length-frequency distribution of redfish taken in Texas. Marc
1927, ==Continued
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TABLE 8--Collections and length measurements of redfish taksn o Texas, 1926 ard
1927, illustrating growth during first year.

{Periods of collection usually in bimonthly swmmaries., ¥ish atvain suitabie
market size art 36 centimeters {14 iaches)d

Year class 1925 Year Class 1926 |
Length Distribution, ng—( gtr. Distrribarion])
centimeters } tent*mrfers”"hni
Date N Mini- Maxi~ Nome 4 Miel 5 bt |
her of mun. Mean { wum vher of  {wmom 8 Mean ;:;; .
fish - fish T : ;
Mar. 28~-Apr 11, 1926~-==mm-= 63 4 To4 | 15 L LT LI TRy vy S |
Japr.18-25, 1926-wmrmrmmmnnn 31 8 |12.3 (1 S SRR, SRR S SR
AMay 29, 1926vwsvomoioanan - 59 9 113.2 19 B L N
May 16-23, 1926-swscocmnaan 30 13 16.7 21 o in i
May 30-June 13, 1926 -wrew- 165 16 121.5 27 R T TR R RS ST
June 20-27, 1926---moaramen 91 14 y22,0 31 ~~~--n--£~-—»-- e
:\J‘Uly A““ll s 1926 s e s s o et e 1 8“3 20 2[, 08 30 L e Y e
July 18-25, 1926=-m=wommran 53 20 126.3 33 R R ET ST JURTP RPN
{dng. 1-9, 1926--mwsmmcmaua— 172 23 128.2 37 R R R L S SCRTTT S
Aug., 15-29, 1926=~--wrwu-- 187 23 129.0 40 R e TRt SRV
Sept. 5-12, 1926--ceroamma- 107 22 131l.2 39 R e R IR R
~~ {8ept., 19-26, 1926--<4r-mm=mu 94 26 132.3 L0 B T EE L e
Oct, 3-10, 1926~ ~wmmmannn- 53 28 133.7 40 &9 o1 1.9 2
Octo 17-24, 1926-==mm-wuaw 22 31 35.6 41 350 1 1.5 3
Oct, 31-Nov. 7, 1926 -ww--- 45 31 37.4 42 352 1 2.7 5
Wov. l4-Jan. 9, 1927----w-w 10 33 38.3 bé 19¢ 1 4.0 7
Jan L6~23, 1927-=e-smmaenan 82 29 [37.1 1. 46 30 3 6.2 8
Feb., 1.3~~203 1927 cwmmmmmi e 29 33 38.6 45 158 5 9.3 15
Feb, 27-Mar. 6, 1927-~-=www 98 33 138.8 46 13 7 10.2 b
Mar 13-20, 1927---=-- - - 4 38 141.8 46 108 7 10.9 LA
Mar. 27-Apr. 17, 1927+-u--n 21 36 [41,6 48 24 10 15,3 1]
Apr. 24-May 2, 1927---rwm- 19 36 }39.9 50 24 il 185 23
May 822, 1927we=mmem=e== | 25 36 143.6 oot 15 i2142 27
A C I .

ﬂé%@ Fg % Mg 57 b B a5 S 35N 13 Fig. 10--A--length-frequency distribu-

a tica of redfish taken in lTexas with

5D A f experimental gear during August and
Septenber, 1926, B--length-f{requency
a i \ distribution of warket redfish taken

¥© | during November aod December, 1925,
{ k ABGISEPT) 17, Actual frequencies in boty czses have
- 3 ; oA been smoothed bv a woving average of
2% / a 835 |FI5H threes. Roman numerals indicate year

o / \. R | classes.
ol |l N i /T

B NV DEC. | 1995
10 [y

INNN/AVASI

O b % B 4 ® a6 v

o
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BLE 9--Length-frequency distribution of redfish collected with experimental gear in
August and September, 1926

Length, Fre- Length, | Fre- Length, Fre- Length, Fre- Length, Fre-
centimeters) quency | centimeters]quency] centimeters quency|centimetersi quencyjcentimeters quency
22-cmmaaen 1 {38-m-mmuu- A 5lmmm e 12 | 70=mmomuua 4 T 3
23«mmmmmne 9 {39-m—menn- - 2 55mmnmmas 12 | 7lmmecenn- 2 BT wmmmmmmnd &
2fnm e 10 [40mmmmnenan 1 Y-S R——— 6 |72 3 88 vmmmne=dd 8
25==mmamme 19 |4l-mmmmmuas 0 LY S 3 {73-=mmmens 1 Bremmmmmmd 2
26-mmeaann 27 |42--acanonn 0 | 58=--m-muu 6 | Thmmmmman 4 QO e 1
27w 41 }43---aueaa- 0 59-mmmuae- 2 [ 75emen-nn- 3 1) P 1
28-mammanm 51  [4bhmmmmmmuan 2 I T —— 6 {76mmmmmmmn 4 92 rmemmmm 1
29-mmmaan 55  |[45=mmnounas 1 flmmmmmam 7 | 77-mmmmeen 0 9 m e mm 2
30-mmmeaun 62  [4fmmmmmm—an 2 [/ - 6 |78---v-mue 6 Pl m i 0
3l-wmmmn- 49 |4Temmmcmaes 0 63mmmmmmmm 4 {79mwnrana- 8 95~ mmmmmm e 0
32mmames 41 [48--emmaan- 4 R N I 1) P ——— 5 9 mmmmmmm 1
33-ucmomnn 29 J49--mmuann 2 65-mmmmam- 4 |8lam--mans 4
/R 25  [50---cooom- 2 66= mmm e em 1 [82-mm-wm-n 6 Total 695
35-=mmmn- 18  [5l-mmmwuao- 9 Y A X B 11
36=mnmmaan 15 {52=w=mmanne 16 68mmmmmmn 2 | 8hmmennce-d 9
37==memmn 9 I53-eceaann- 7 6Y-rmmmm I [85=mcu-nnn 10

TABLE 10--Length-frequency distribution of 257 market redfish taken in Laguna Madre, Tex.,
November to December, 1925, by commercial seines

Length, Fre- Length, Fre- | Length, J Fre- Length, Fre- Lefigin, Fre-
centimetersl| quency |centimeters] quency|centimeterd quency|centimeterd quency | centimeterd quency
33 4 4lommmamms 4 S5lewwnmana 3 H0=nmmmmu 8 B mm 3
L et 14 43-emcmmma 4 52-wwnnmana 6 Y 3 Qe 2
35mmm e 17 Bhmmmmmmmm 3 53 crccmmna 10 62rmmmmanms 3 Flowmemmomn 1
3bmcm 8 L5 mm e 1 54mmmcemmaa 12 K e 6 Tdewrowcmmmma 5
3= 12 L 2 155emcmnaaad 11 Bhmmmmmmemn 14 73mmcimemnn, 0
38mmm 15 L 1 56mwnmaan 6 B5=mmam s 2 Fhowme e e 3
R 6 48ucmcnen 2 |57=c-emen-- 7 Bh= = mme 9 R 1
fle=mcmmnon 6 L9urmmnaaa 0 158---wccn-- 12 67— 3
4leomecmamas 7 50w mmm—en 7 LR ks 4 168rmeccmmnn 10 Total 257
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TABLE 11--Food preference of 236 redfish, presented in percentage of total wamber of fish
in each length group that fed exclusively on the various organisms,

(Mixed food wsually a combination of shrimp, fish and crabs.

February to May, 1927.)

Fish taken from

Percentage of fish that had eaten--
: Number of
Length, centimeters fish Shrimp Fish Crabs | Mollusks | Mixed
B-lbmmmmr e e — e —m—————— 147 52 20 6 4 18
17-30- - e o 42 83 2 10 0 5
T e R e 43 79 0 2 0 19
T e b 4 0 25 50 0 25

TABLE 13--Collectionsg of
1926 and 1927,

larval and young black drum {(Poponias cromis}

taken in Texas,

Number of Length
Date fish range, in Locality
milli~-
meters
May 13, 1926==wcememmcrcrme e 94 9-37 Corpus Christi Bay by Oso Bay.
May 14, 1926=wecame e e me e A 20-29 Nueces Bay.
May 25, 192f==vremmrcrecasannnea-" 16 25-47 Corpus Christi Bay by Oso Bay.
Feb, 28, 1927-mm-memccca e cmcccem 27 4-6 Harbor Island Lighthouse.
r. 11, 1927 -cmcomcce e e e 140 6-7 Corpus Christl Pass-Lagana Madre.
ar. 16, 1927-ccermomemce oo 68 5-8 Harbor Island, esast side.
ar, 23, 1927---mcmmm e cm e L 75 6~8 Corpus Christi Pass-=~Gulf.
ar. 24, 1927-c-sccmacrm e e L 3 4-5 Aransas Pass, in chamnel.
Mar 30, 1927=rmwmam e re e mmae e 3 56 5~8 Corpus Christi Pass--GulE.
Apr. 6, 1927--wcnmmu o 8 4-6 Harbor Island Light,
APr. 9, 1927-cmrmcr e 82 8-11 Corpus Christi Bay by Oso Ray.
Apr, 11, 1927---mommmme e S 15 5-9 Harbor Island Light.
Apr. 26, 1927---mremcce e 14 9-15 Nueces Bay.
May 5, 1927---recmmmmm e 95 13-38 Do.
!May 26, 1927-mcommm e A 28 28-47 Do.
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" TABLE l4--Collections of black drum illustrating distributicn of fish under 25 cemtimeters
(9.8 inches). TFish spawned in 1927 omitted. (See Table 13.} Collections of
less than 10 black drum have been omitted also.
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7 TABLE 15--Length-frequency distribution of black drum taken in Texas waters from April,
' 1926, te May, 1927.

1926 1927
| I
Apr 4 June [July Augoé Sept) Oct.i Nov.iDec.5; Jan. Mar. jApr. | May
Total length May |g.u141l-Augl5-Sepl2- Oct, 7-28)Jan 2130-Feb, $6-27 {3-24 }1-22
centimeters ﬁay 21 9-30 i 8 5 3 10-3% 27 ; ’
lemmmmmmmmn e 14] =--dmcmmmdeaoon E ISR SR | SO ) R 27 342 ¢ 113 L
Do - 7% TEPSUORY SUNINEPINI SUPINSS SO mmm e e mmmmm A v Fo o d 04
R L T TUUOUGRNY R EXTE VP SUSURIDURIN SUpUI I JEN I S - YOO PR & m m m m m e § e s B o 26
PR S 103 cmmnn ) NN P Jowoo do o | PESPREY VISRV R mmemfmmand 20
Srmmmmmma o 23 1 {ecmmcdmcmmmd e d i c e S S —— S SURETE . S 4
R Lt TR 32p-=-= T S et Bt CET T SIS e f e
Jomemr e meabhan e 34 IR SEESTer SURESUPUI JRSNIGU VR UPUYU: DI U P I —— o e ot e
Gommmmmm e b n 8 15 8 jrmmmedercamderermdacama e e e - »i ................
Gumm e - 6] 47 26 JE B o r TR SSIPRU (SR SRR PR Jrmmm
10 memwmoed e 17{ 62 45 6 | ~~-nd T L T [T T uy S ——" Lt LTS
11 cmcmmmm o fomees 16f 57 24 § | mmemdmonmndanann 2§ wmmmemoedin e e e s
12 mmmm e d e em 181 49 10 12 fmwee- 1§ ----1 10 3 2 Jremmmdeee
13=mmmm e | 191 35 4§ 46 R PR 21 5 9 2 Jemmsrdannan
14 mmmoecaciomnne 31 29 8 60 | mmmedomon- 2 3 e 3 1 nnmm
R R at - 1] 12 5 36 N 1 13 7 = mmomne 7 R
L6=mmmmmmmn ] ————— 3 2 13 45 8 § mmmmdmaeand 12 ———— 2 R
17mmmmmm= 2 5 2 14 46 20 5 jo--=mi 7 1 A L 1
18--mmmmmem A 10 1 12 46 53 5 1 A e S Z 1
19mmmmmmmmm 10 Lj=mmmm 4 33 48 17 1 I B 1 1 2
20=mmmmmmmn 11 12 3 5 34 | 47 37 8 3 frmmmnne- 5 1 6
2lmmmmmmmmn 4 4 3 2 12 21 41 2 7 jmmmmmmme- 2 5 5
22mmmm s 2 5 2 7 9 14 35 4 10 1 7 5 4
23mmmmmmmm 12 3 1 5 6 13 29 6 15 3 4 i 9
2b-rm e 10 21 9 6 6 6 12 3 12 6 11 4 8
25 19 15) 13 13 i 2 6 2 9 5 8 11 10
26-mmmmmm -1 14 26| 14 20 11 4 1 1 A 8 14 11 8
. Jy J— - 5 16] 18 26 10 1 R R il 9 ﬁ 9 11 10
28=mmmmm e 2 211 18 29 7 T B 2 5 é 8 6
29mmmmmmnm 4 15] 16 22 28 3 fememmgomnm- 1 6 1 6 8 3
30mmmmm e 1 101 15 31 14 5 1 j---m=dmamm- 3 5 B &
Jlemmmmmmm e m e 31 13| 45 19 3 2 f-memegemans 2 5 3 &
32 mmmmmmn 1 10] 11 32 13 10 4 1 1 1 femm=nd 3 4
3Femm e - 2] 10 28 11 8 3 2 1 Jrmmmmmmme 2 4 1
EY S S 2 5 17 9 23 3 2 fren-nd 6 4 4 1
K T bt ST 3 20 9 12 1 [-=r=ed 1 4 5 6 6
Y- USRI NS 1 A 8 5 9 2 1 5 3 3 5 é
K L ST R 1 1 8 & 5 2 demeen 2 6 7 12 &
1 SRR S 1 2 4 1 4 1 f--mm-- 1 4 5 7 3
KL T It TR 1 1 6 3 3 1 Jrmmmmdmmmn- 6 2 5 7
[ A0mm e fownn w ] 6 fwmm-=d 3 femmomdmmaaa 4 2 2 & 8
§ [ECPURUUORY: U 1) P 1 1 I T R s 4 & 7 3 3
1
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 TABLE L5~-Length-frequency distribution of black drum taken in Texas w

aters from April,
1926, to May, 1927.--Continued

)
1926 1927
Total length, )
centimeters Apr. |May June July lAug |Sept.]Oct. |Nov. Dec. |Jan. {Mar. [Apr. |May
fr-May | 9-30 j 6- 11-Augl5- 12-0cg10~31} 7-28 Uan,2380~Feb] 627 [ 3-24 §1-22
2 July 4y 8 1Sep 5; 3 27
1 Y R 1 1 1 [ R = 3 2 2 10
F S — S S YR [ A TR PFUSUION S S 1 2 11 2
llymmcmmmemmm e m e PPN S 2 2 1 omeeefanan. 1 3 5 101 3
5 mmmmmmmmmmm b IS 2 fammmn yIR SR IS R 3 2 L 2
f6mmmmmm b 4 1 T [ - 1 72 A 1 2
7 JESSUSUS SR RS S 3 YR SRS SV e 1 (R U SRS Y
8 mmmmmmmmmmm o £ [ RIS U NI SIS S S R
49mmmmmmmmmme bl SRS RO {1 AR SR SN S 1 heeen- R P
50=mmmmmmmmm e 1 SOPUCURUISS IUOUPRPS SRR AU IS SO 1 21 1 Feeeae
3 KOS TR I 1 2R [ {1 [P 1 [ RO 14 1 demens
7 JPUSURURRU S N 1 6 2 1] 1 demmmcbeailbns SRS RO SR
53mmmm e 1] 1 1 R NE— USRS y T I 1 SN SR
5lmmmmmmm o e 1 3 I [P W S 1] 1 1 PYE (PN S
I 1) PR 3 3 y J0 [FRVGURINE KON PN S IO ISV SYURUIU I L s
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3 PO § SR E R 1 2 3 1] 1 Q) — R EUPURIOE [N SN SRS S
Y U % SR A 3 3 frmmmm e e S SRR A
65 mmmmmmmm = e i I R 6 4 1 bonee et SEEEEE S b L Femeeed
66w m oo m o S S S i IR S 1) PURUIN SRR NI SO 1 R RN SUSIUR A
3 2 N S 1 3 6 1 RS S SRS SURVUU S I S B
3 [ ——— | (- § S N Ry 2 ) N S UMV DU SP I A 1 1 1
69 mm mmmmmm e X FRU S 1 2 73 ORI RN RO MR SR R 1 TR S
TQmmmmmmmm mm & (O S 1 3w e e TR SR SR B
74 RSP § S S IS 1 2] emendeaas S DRSS AU B QR SR SUSRU S
27 F S SRSUENSR ESECUINE AUUIIUPIrS USRI NOUORUSITE (IO S Y IPRPUOUOUS SRS SRS SRS SRR S SR
y T, 1 femmnd 1 1) IS S S SRV SO A S T PSS S
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75mmem e e R (RSN A USRNSSR
y J TSI SYUS USRS PUEUEISOU I IUSUIUIN S . S alht EUEELS 3 A YUOUCRS S PR S SR S
y iy TS 1 demmma e i IR SURPUPRIN SRS SES RPN S
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TABLE 15--Length-frequency distribution of black drum taken iu Texas waters from April,
1926 to May, 1927. --Continued

1926 1927
Total length,
centimeters. Apr. g May . qune- July {Aug. {Sept.]Oct. }Nov. Dec. 5] Jan. |Mar. jApr. |May
b= 19-30 14 11~ 15-Sepl12-0ck10-31}7-28 ban 23B0-Feb] 6-27 | 3-24 F1-22
May 2 Tyly pug.8 § 5 | 3 | 27

B3 e oo R S— TSIV SRR IR SRS SO T {-—--q41 R [T e ]
Blimmm i mmmm s e PPV SRRSO RUSSSIVUR AUVRPOUY USRI SERUIN SRS S SN OIS SO
85 mm = som o e e SUSUSRNS NUUROUSS NSRRI NONON YN S SRS SIS SR T (P —
P SIS SR S SO SN SR DU SN S . SRS SO S L [P SN
87 e o e i e m e NS SNV S IURVEUIURURN SRR SRUIOUON IVITONIURNE ST SURSUEUN S-S RSO NI
B8 mmmn o i o m O SRS SSRGS PO IR RPN PO SR S PN TRV A
B9 m e S SR SN RSP S IR RN S JUSR N S T PSR O,
QQurem = mim i m o mfm e 2 N SR S SRR NN RSN Se S T e S
Q7 = m i m o SRRSO RSN SUUUPY USSR RO ORI SRS SRR TUUTRN FU
99 mmm o m e m e o o o o e o s o U S I S T 70N N SN
93 mmmmmmmmmmmmm SSOUS S IO S S S S S TR S, B — T [PPSO
Y SR T I SO IS SUCIPIR SIS S S I8 IR B N [ RN
Qhemmecmmmm = wuwﬂw-dL mmmmm L e SR S, R S e e 0w o . ot . e cmr o sk s o i o s o SR WA
96 mmmmmmmmmmmmmmmmmm [V PRV, PRIV U FURTRITY DU P b st emy me s ST R RPN B T
L e T S, KRR, e s 5 a2 3 ST Y. M S PRSI S PR e e e o 0 e oy oy o s o e st . i o 0 oms 2 1 o
98-"’-‘“‘!‘!0413‘-(»”""__!‘@3_ ﬂﬂﬂﬂﬂ e o am 08 G DS S A S ha, am aw o vo o o b - an o o FHMHHD wwwwwwwwwww frms ot o s e T ) gt (i e s M 2 s
99 mmmmmmmmmmmmm e 0 0 £ s o e e 3 o o o e = e o e e i s o O [T, SN, TP g ie 2 e se or ] § emcamfmam o
110) — U0 SRR SR RS e ISR SRR PRI SRIOIN SR NORUPION SRR S
105-mmmmmmmmmm S SO S 5 E— RSP UM SRS SRS APRUpI R S T SO RO
Totgl-mm=me—w= 105 488 526 619 589 341 214 43 151 L57 547 265 § 305

TABLE 16--S1iz6 &t maturity of the black drum;- )
{Only fish with ripening roe or milt were sexed. The 1926 period was from July to Octoter; th
1927 period from February to May.)

_ Summer-Fall, IQQG‘SpringéAl927 N Summer~fall, 1926¢ Spring, 1927
Length, -ength, Males Females | Males {Females
ceptimeters Maleg|Females ;| Males (Females jlcentimeters:

25220 cnwmnamod 2 0 0 0 65=69 === 0 0 1 5
30=34mmmmm-mm i 14 22 0 1 80-Bb=~ww 0 0 3 8
35=39=wmmmnm—t ] 16 7 29 858G ===~ 0 0 8 12
40-4bmmmmmen=d 0 6 8 9 90-94=m == 0 0 5 &
R R 1 3 2 3 95-99==m= a 1 1 0
50=5b4remnmmnmd 0 0 3 4

5505 mmmnn 0 1 1 2 Total=ww-- 18 49 39 82
60~ 0b i 0 0 0 3
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- TABLE 17--Food preference of 117 black drum, presented in percentages of total musber of
fish in each length group that feed exclusively on the various organiswms, the
food named in the parentheses occurring wost commonly.
(Forty per cent of the mixed food of the 21 to 50 centimeter group was compased of crustaceans

and 60 per cent consisted of mollusks. March to May, 1927.)

Percentage of first that had eaten--
Crusta- iMollusks] Annelids]
Length, centimeters Number of | ceans |(Mulinia] Fish] {(Poly~ Mixed
fish {shrimp, [Mytilus) chagts)
& . i crabs)

8+20mm mm mmmmmm RS T 8 20 36 12 4
21500 mmm wm o mom m = mm e = s 61 28 33 0 2 37
B0=90mmmm 31 16 74 0 2 10 0

TABLE 19-~Collections of larval and young spotted sea trout {(Cynoscion nebulosus) taken in
1926 and 1927.

Length
Date Number - of range, in ' Locality
_ fish millimeters
~~4iMay 13, 1926--ccwececwnmena 5 10-22 Corpus Christi Bay-0Oso Bridge.
©  May 17, 1926-m=mwmwmnmeeno 1 18 Harbor Island Light.

May 25, 1926~=r~=wmww o e 1 26 Corpus Christi Bay-~0Oso Eridge
June 9, 1926-==remrwmcmrnmen 67 18-50 Corpus Christi Bay-Shamrock Cove,
June 18, 1926-~-recmmnmmnwan 9 30-50 Do.
June 23, 192f-=mccmmccnnmma- 55 18-48 Do.
June 29, 1926~--=-mcmmmaana. 5 37-45 Copanc Bay.
July 3, 1926----w=meeem e 3 21-22 Harbor Tsland Light.
Dom e o ] 40-70 Corpus Christi Bav-Ingleside Cove.
July 22, 1926wwwnomennnnann= 61 15-27 Grass Island-Esipritu Sante Bay.
Aug, 5, 1926 --cremcmrmermans 44 24-61 Corpus Christi Bay~Sbamrock Cove.
Sept. 23, 1926---wwmemnnnonn 28 28-69 Do,
Oct. 1, 1926~~wrwmmemmuanneen 24 9-90 Corpus Christi Bay-Oso Bridge.
Oct. 18, 1926=-===wwwnnmmm=x 64 15-68 Harbor Tsland.
Oct. 20, 1926--r=mmmmwanannn 1 17 Harbor Isiand Light.
Oct. 22, 1926-mmmmmmenceanann 4 22-39 Corpus Chrisiti Bay-Ingleside Cove.
Oct. 28, 1926--==mmmmmucnmna 3 16-29 Laguna Madre.
Oct. 29, 1926~=mmmmummannnan 1 22 Do,
Apr. 20, 1927-crercememnnnana 1 7 Do.
May 3, 1927==cewwmrmo e macnnna 21 9-28 Harbor Island Light.
May &4, 1927-m=mcecmmncmcacnn 7 21-29 Aransas Bay-Mud Island,
May 11, 1927-==mmmocncmmnoann 2 26-42 Corpus Christi Bay-Skamrock Cove.
May 17, 1927«=memmcmmcncmamn 65 18-50 Copanoc Bay.
May 26, 1927--=wumcormmnan b 4 27-43 Nueces Bay.
i
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~ T TABLE 20--Length~frequency distcibution of spotted sea trout (Grnoscion nebulosus) taken
in Texas May, 1926, to May, 1227.

1926 1927
Centimetexs May |§June |July Aug. Sept.i Oct. Nov.{ Feb. {Marchi Apr. jMay
T s 2 0 o VA P, NPT, SRR SR R T T NI B 5
T T e ——— e |10 16 | s1 y R (P 47 feesmabeeendon bl 33
B i i 2 66 | 29 6 3 A ] (T AUPRRPAN S ¥
Lo om0t o 50 4 132 15 14 beeeonberomaativinacbeanns] §
T —— s L 21 9 l21 27 17 [ TP NP S 1
15 0 1 e s 35 45 e 22 b 16 12 20 A VRN 2 B T
T s o 0 s o 1 s £ et g 15 284 39 Al i1 R “%m o ]
Brrose s o i om0 st 0 e 7 15 10 12 6 G fammmw B e
Qo L 10 § 10 128 10 8 8 5 2 Jemnwnfmone
10mmm s s v mmsmom e ] 4 1 13 {10 7 & 16 5 O Rt Sttt
L 2 3 9 {18 8 3 16 6 R e Rt
12emmmmon =m0 2 1110 14 4 2 15 11 5 2 | -
[ R T T TN I 1 5 {15 8 6 24 8 3 2 e m
L T T T TR — 3 frmemn + 3 |17 4 8 14 2 2 3 2
L5 ot o R N ) B 8 2 4 6 2 2 1 1
1hrmmmmmm s L 10 fommnnd el e I 1 L& frmmaw 4 2 2
AT i e e & 3 [rmmewnd 1 4 3 R 4 1 6
L8 st e 4 1 j=wwm= 7 8 6 5 1 5 6 10
LG m o 8 L jrmmee 2 14 6 A 2 9 9 20
20=mm e o 8 fomm—x ! S 1 12 5 4 1 14 11 107
Y R T T 4 2 1 5 10 9 5 - 7 8 18
22wt i e A 1 2 2 8 7 503 7 13 16
23 2 3 2 qIt 9 2 ememe 1 12 10 A
2l e oo e 2 1 7 {15 12 6 1 1 18 3 6
T T —— E R 4 {10 |15 5 6 3 1 18 5 8
26 = 2 5 7§17 11 8 4 2 15 2 4
27 o i 1 9 5 {12 5 5 2 feeened 11 4 6
2Be ot im0 3 9 5 116 3 4 i 1 18 7 8
2w e e ok 7 1113 3 2 2 - 5 3 1
30w e s 1 2 8 2 11 4 e 4 7 8 6 6
B TPt o 4 12 2 112 3 2 3w 5 2 7
32, = e e v o 1 e 2 16 3 8 7 2 1 1 6 2 4
33 mim i s e |5 8 3 8 2 1 1 1 5 5 4
T/ R e | 6 4 5 14 3 2 4 10 1 2
35 = om s e o 1 4 5 4 11 1 6 4 13 2 3
F6m o s 0 i 3 6 2 5 17 3 3 7 L4 11 1
37 e s = 0 0 om0 3 6 | 4 3 17 3 5 11 13 6 5
38 e om0 2 5 2 2 17 2 3 12 13 9 3
3G s e e ) 8 2 2 10 - 5 7 3 5 6
4 (s 5 e A 7 1 1 9 3 3 10 12 12 1
/3 T e it 5 2 2 4 3 2 2 9 13 6 6
D 1 e 1m0 1 0 & 10 3 2 6 5 ] 2 ) 6 2 .
!3 mmmmmmmmmmmmmmmmmmmmmmmmmmmmm 3 10.1 3 1 2 e 1 ‘ 4 8 6 2
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TABLE 21--Averaged calculated total lengths of 396 spotted trout at formation of winter
checks on the scales.

Year of jga, 1

Calculated lengths, in centimeters, at No. of
hatching frinter formation.of winter check fish
First Second Third, Fourth Fifth Sixth Seventh Eighth Niath
19250= === 1 ] 135 Jmemanmw et CECTETE] STETTEE PRTRTE B SO . mand ——————— 71
192440 en- 2 1 14.3 ] 22,9 Jeeommndonmmaakaa e E R LT U 53
1923-wawx 31 14.8 ) 24,2 | 30,6 Jemmmmecbommanidanaian R R R T 54
1922-mma= 4 1 14,6 | 24,5 | 30.3 35.2 | ruaman  ILEEEY EET TR S PR [ 42
1921----- 5 115,01 24.5 § 31.1 36,11 40,5 fewm-=--d SRRl SEEEEEEE it 28
1920-==u~ 6 | 15.7 | 26.1 ] 31.0 35.9 7 39,2 1 44,2 lommeaccadannnin] — 16
1919-==-- 7 1 14.6 ) 24,01 29,7 34.4 1 39.4 } 44,7 49,1 {-e-m-m=d e 19
1918---- 8 1 14,9 1 22.6 |1 30.9 36,31 39.6 1 45.0 48,9 51,8 } -wo-wn 5
1926=ww-x 1 § 13,8 |=nuuus LTt pmmmmm . R R alel TL T ——mea 22
1925-naua 2 116.0 ] 22.9 j==~==- e  ERE T R N et G 20
1924~ mwams 31 14.5 ] 24,1 | 29,6 jemesmemaboacauns R R e ettt £ S 16
1923wmma 4 | 16.1 § 23,9 | 30.8 36,2 | mewacagamnnan frommccate s ——— 24
1922-=muw 5 1 14.9 | 22,5 | 30.5 34.9 | 4L.0 [rewecudecnccanntomnneadinnnan 9
192]«mwns 6 { 17.8 | 23.7 { 29.1 33,1 ] 38,2 | 43,6 (wwmcmcanfancaunn e 5
1920~~~ 7 1 16.3 % 25,01 29,6 33.0 ] 38.6 | 42.8 48,6 Jermmecendumnaaan 9
1918-wu-~ 9 J.12.3 1 26,4 § 29.9 34.51 39.7 1 42,6 47,2 50,2 | 56,8 3
Ysighbed oeanns 14,7 | 23,9 | 30.4 § 35,2 39.7 | 44,0 | 48.7 51.8 | ~wmnuofammcnmn-n
Growth -
. lincrement"‘ “““““ 1457 902 705 408 405 453 407 3n1 ““““““““““““

TABLE 22-~Comparison of the averaged calculated lengths of spotted trout, derived from
measurements of two scales from the same fish.
(Scales measured by projection method and the total lengths expressed in centimeters.

Figh

collected from May, 1926, to May, 1927, and selected at random from fish represented
in Table 21)

S “Age, in winters Age, in winters _ No. of
Scale _  No.ofilScale 1 2 3 4 5 fish
reading 1 2 31 41 5 }fish |jreading
Firgtecanmacae | 13,0 | rosaducadenobana] 53 | Second 14,9] 24,3 30.7] =~ w4 cmmaa 28
Secondeesewaan | 12,8 | auual cemmuamntnana) 53 HH Fixrat | 15,6 24.7130.41 34,8 [cecuna 23
Firgtesows wesa | 14,0 | 23,04=mafemasdeanni 29 1 Second 15,117 24,41 29.9] 34,5 frcwunsd 23
Secondsssmxnn 13.3 1 23,0 ~emmemuatewaat 29 HFirst | 15.1{ 24.4) 32,1} 37.0 41.2 8
Fifst“**‘””‘* 1489 2404 3190 - 28 Second 16&4 2359 3048 3654 40&3 8

b
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TABLE 23--Calculated and actual lengths of spetied trout compared,
(Caleulated lengths, derived from scale-growth checks gewerally evident by March, given

for fish collected from April, 1926, to Pebruary, 1927; acrual ler
taken during March, 1927.

ttis include only fish
Tre caleunlated lengths should spproximate the actual langths,

but the latter should be slightly larger, since fish taken in March have 3 newly formed
winter scale check plus some additional growth.

are also presented)

The csleulated lengths for March fish

Averaged Averaged Number of Averaged
Age in winters calculated actual length March fish § calculated

length, in Total in centi~ length in

centimeters, fish meters, centimeters,

all fish March March
Lomiom o o 13,5 71 15.8 ‘ 14 13,2
2 om0 s e 22,9 53 23.7 8 22,3
Jomm o mm 30.6 54 30.4 10 29.8
Dr e i e 35.2 42 37.1 A 36,0
P L L L 40.6 8 42,2 4 40.9
| im0 44,2 16 45.0 1 43,1
TABLE 24

Calculated average length
Florida Fish Texgas fish
Cm. Cra T,

FirSt Winter--meeomommen PR memao - 11-12 15 BN
Second winterse=w=- o 0 2 0 = 0 23 24 9.4
Third winter===-=-= o o s s o 31 30 11.8
Fourth winter= = mwmwmmmm wm o o m o 36 35 13.7
Fifth winter-=-w=eexeexeae e 40 40 15.7
Sigth Winter==«-«vowconnsa s 43 4d 17.3
Seventh winter-e-seemesceorwnnmnnwn—. o e 0 0 49 19.2
Eighth wianter-=----~ o i om0 e oo 52 20.4

TABLE 25--Food preference of 220 spotted trout.

(Mixed food usually comsisted of shrimps and fisk, 411 fish taken February to May, 19273

Length in centimeters Mumber of Percentage of fish that had eaten--
Eish Shyimp Fisgh Crabs Mized
B L5 1cm i motac t ommtt m mm mmin  mm 86 59 26 0 15
16-30m=cmemmnsa o 1 o 30 80 7 0 13
L B0 e im0 104 57 27 3 13

TOtaLmme —xmmm i e m e e | 6] 24 1 14
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CTABLE 27-~Collectioms of larval and woung croskers ?Mﬂgrepmgpnmuﬂﬂﬁgigig} ire Tewas 19268

and 1927,

Date

Humber of
fish

e L2 A S LA P AL

Length raoge, in

mill imeters

P et R Y 05 B A T Ao R ke LS rmi A A o LY w kR

5

Locality

March 4, 192B-=wwwwwmmmwm
April 3, 1926~wmwwncomona
May 6, 1926wmwmcocrmncans
Octoberld, 1926-»-mmowmn-
October 2%, 1926-w=wmwnww
November 3, 1926-vwe-meonm
Novembar 5, [92Hceavmucan

November 16, 1928-mamnane
December 3, 1926«wwmmmoas
December 13, 1926«mmmuman
January 4, [927-mmwwancns

Jamiary 10, 1927«wmcemoonn
January 253, 1927 -weenmnn
Janugary 27, 1927w smennmn
March 16, L927-=wwenomnos

27

3

12
12
200
115
3,000
1,500
2

g0
170
29

5300
£
98

3

3

o

30-70
40-55
3070
7~ 8
6~-12
10-14
5-11
917
j4-18
49
8-30
11-19
1324
21-40
12-27
14-37
13-26

Gopano Bay.

Aransas Pass-Gulf.
Harbor Island,

Do.

Corpas Crristi Pass
Aransas Pass-Gulf,
Aransas
CGorpus tnrisci
Oso 2w,
Aransas Pass-Gulf,
Harhoro Tslgnd.

Do.

Aransss Pass-Gulf,
Copano Bay.
Aranisas Pass~fulf.
Corpus fhrisvi Pass.
Do

58,

Dpee
Fa8s
i

TAELE 29--Size at maturity of the croaksr {(Micropogon undulatusi in Texas, September 28 to

October 29, 1926

Lenpth 1o centimeters

Males

Females

Total

¥

Length in centimetars

Males! Temzalesi Total
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April, 1926, to May, 19
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-TABLE 28--Length-frequency distribution of croakers (Miéfbﬁbééh‘ﬁﬁaﬁiéﬁﬁé taken 1n Texas,
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" TABLE 30--Collections of young spots taken in Texas

Date Number of ; Length range in Locality
fish . , millimeters
February 4, 1926---~=-- o s 15 11=17 Stamrock Cove.
March 31, 1926-=ccvmmcacracmme e - 10 13-17 ' Lagutia Madre.
2 13 Aransas Pass.

December 23, 1926-wv-mrrecmrommnone= 200 12-15 Arangas Pass-Gulf.
Jamuary 4, 1927----commmmen e e 14 7-14 Harhot Island.
January 17, 1927 emreerecm e e caee 2 16-19 Corpus Christi Bay.
January 20, 1927-=cwroccmcmmmnnmacna ' 160 10-~-33 Harbor Island.
January 21, 1927-=-crememmmcmnnenamn 4 11-18 Copauc Bay.
Januvary 27, 1927 -eccccmcnicennnnnae 500 12-22 Corpus {bristi Pass.
February 3, 1927~ -emwmmsr e e cmm e 40 9-14 Aransas Fass-Gulf.
February 21, 1927---cmomrrconmncnnan 16 14-29 Ogo Bay.
February 28, 1927-=-rermmmmecn e 500 9-18 Harbor Island.
March 23, 1927--swoccrercemcanan- e 15 1117 Corpus Christi Pass.
March 24, 1927~~==ow- o e o 3 12-15 Aransas Pass~Gulf,
March 30, 1927--=w=-- e 12 12-22 Corpus Christi Pass.

TABLE 31--Length-frequency distribution of the spot {Leibstomus ganthurus) taken in Texas
from March, 1926, to May, 1927

L.ength, centimeters Maa ?}5; /f}?q/v‘,?; St vly §- 7, &;"/5'53:47‘/1"0&0/04/?/0 &7 j@fi/&f@;éﬁ?“ £V .58 e /7
P HPRAsT 5 i ;v%ys? Bepr s |Oed 3| BI TRV G [Zab. 131806683 o C g ye e
Lo mmm = 7R VSRSV AU NI N NI B 250 1172 481 5 leemasd
Qemmmmmm e 6 lmmendicnnan e 30 1263 237 15 | emene
 JRRPRUIUURYIOUPIURRRR NSRRI NURSOUIIN NOUPUUP SUNUPIUU SYRUUUNUUOR: OUNUIIS DU el 66 71 22 Veemne
U S T AT RN ARSI SRR IV SRS eend 77 50§ 14 jemmn-
5 e = o -~==l 36 R R REE e L 118 125 19 5
S 84 25 1 meunn R ETRI PERE I U S— el 27 21
Tmmmmm e S 49 ) 11 | memmefrmmmm b L AR R N L
T - 28 46§ 15 1 (SR SRS I S b 100 1 28
mrmmmicmm e s 5 39 6 7 [P . - SO, SO - 1§ 20
10 - mm e m e e I 20 5 g f— I I SR SO SRS SR
1L om o 7 51 10 2 2 73 [P AR D R -3
12 s mm = 1 1 8 ol 241 170 27 {w---n SRS S S 1
L 3mmmmm o o cemm-d 1F 300 10 311 40 39 1l 7 122 feeee
gromnmimoioioo o Le 8 3 B 13 Bl B B3
16w m e s o 5 1 17 3 18 11 3 9 8 25 4
17ommamn mn o wm oo oo ool 17 5 16 24 25 i1 6 2 7 6 19 14
18mm - mmmmmmm 17 6 61 211 321 25{ 19 1t s 108 21 | 22
19 mn i mmmsemmmm 21 50 137 200 49§ 391 21 1111 91 22 | 21
20=mcmun wmmmcmm s 25 9 91 18] 420 3L1 13| ~meeel 7 91 4 1 10
3 P 9 9 12 61 33{ 14 7 i 1 5 fomemesf 9
22emmmmmm e 3 & 7 sl 171 17 1 p— 2 3 P
23 i 3 1 3 1 8l 13 6 o3 [ S SRR S
R ) PO S S [EEPRUE I o ISRRON SOOI SR A el 1
P (TR T QUSRS S S 4 1 1 ) r— S S S
26— mmim e e mmm o e e m e SR SN 1 £ TSRO S B AT SR
DT e e o o m 1m0 5 om0 2 e 1 o e e 2 e e i UNSERPEE SORSRYRIT AUV SOV S ROUI
Totgle-=mnmomremem—~ 336 239 198 157 370 281 199 296 1 66l 199 { 305 230




Fig. 3--Larval redfish. Actual length,4.5 millimeters Fig. 4--Young redfish, Actual
length, 7 millimeters

Fig. 6-~Young redfish. Actual length, 24 millimeters

Fig. 8-~Adult redfish
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Fige 19-~Adult black drum
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Fige 24w~Youn§ gpotted trout, Actual length, 7.8 millimeters

Figs 26-~Young spotted trout. Actual length, 4.1 centimeters
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Fige 28=« Adult spotted trout
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Figs 28-= Adult spotted trout
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Fige 33-«Larval crosker. Actual length, 6.5 millimeters

A\

Fige 34~--Larval crogkers« . Actual length, 1:225 centimeters

Fige 35--Young croakers, Actual length, 3.4 centimeters
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Fige 36--Adult croaker



Fige 40--Young spot« Actual length, 13.5 millimeters

Fige 4l--Young spot. Actual length, 2.9 centimeters

Fige 42~-Adult spot. Actual length, 16.4 centimeters
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~Fig. 1l~+Age of redfish according to length, as indicated by
"~ winter growth checks -on' scales.
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Fig, 1l2--Relation of weight to length in 222 redfish.
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7.8 15,7 23,6 31.53.9 11.8 19.7 275 35,4
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Fig. 20--Length-frequency distribution of black drum in Texas,
1926-27. Actual frequencies have been smoothed by a moving
average of threes. Roman numerals indicate year classes.
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Fig. 21--Age of black drum according to length, as
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Fig. 22--Correlation between scale length90

and width and total body length in the
black drum. ' The average values of ‘the 80
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Fig. 23-«Relation of weight te length in
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Fig. 29~-Length-frequency distribution of
spotted trout in Texas, 1926-27. Actual
frequencies have been smoothed by a moving
average -of threes,
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“Fig. 30-sAveraged calculated lengths of spotted
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.checks, - (See'Table-23)
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Fig. 31--Size at maturity of the spotted trout.
Males represented by solid line; females by dotted
line., Total number of fish, 567.
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Fig. 37--Length-frequency distribution of crokkers in
Texas, 1926-27. Actual frequencies have been smoothed
by a moving average of threes.
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Fig. 38--Size at maturity of the croaker. Males represented
in percentage of total number of fish, by solid line; females
by dotted line. Fish taken at Corpus Christi Pass, Texas,
October-November, 1926.
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