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Introduction

The spot, Leiostomus xanthurus, a com-

mon sciaenid fish along the Atlantic and

Gulf coasts from Massachusetts to Texas is

especially abundant in estuaries and sounds.

The commercial fishery is centered in the

Chesapeake Bay area and in the CaroUnas.

Along the coasts of Louisiana and Texas, the

spot is not marketed for human consump-
tion to any great extent. Here it is included

with trash fish which are used chiefly in

making cat and dog food.

The object of the present investigation

was to determine the age and growth of the

spot in the Lake Pontchartrain area, Louisi-

ana, based on length-frequency polygons,

scale, and otolith studies. Otoliths have not

been previously used to determine the age

of spot.

Previous attempts to determine the age

of spot have been based mostly on the in-

terpretation of modes in length-frequency

polygons. Welsh and Breder (1923) re-

ported difficulty in reading its scales. Hil-

debrand and Schroeder ( 1928) gave a com-

prehensive account of the life history of the

Chesapeake Bay spot and stated that the

wide range of length of spot taken through-

out the year made determination of growth
rate difficult. Pearson ( 1928 ) stated that

the spawning season for the spot in the

Gulf of Mexico extends from late December

through March; the peak was reached in

January and February. He also reported on

the growth and other aspects of the life

history. Hildebrand and Cable (1930) de-

scribed the larval stages. The smallest spot

taken at Beaufort, North Carolina was 1.5

mm in total length; it was assumed to be

newly hatched. They also stated that the

extended spawning season makes for a great

variation in sizes and, as a result, the sizes

of fish in successive age groups overlap con-

siderably after the second year. Gunter

(1938, 1945) reported on the growth and

1 Part of a dissertation submitted in par-
tial fulfillment of the requirements for

the Ph.D. degree in Zoology at Tulane Uni-

versity, April, 1960.

other aspects of the life history of the spot
in Texas and Louisiana waters. Townsend
(1956) and Pacheco (1957) recently showed
that age determination based on scale studies

is possible in the spot. Dawson (1958)
studied the biology and life history of the

spot with special reference to South Caro-

lina.

Materials and Methods
In this study 1,418 specimens were used.

The collections were made at monthly in-

tervals; 354 were collected during July 1953
to May 1954, 145 during January 1955 to

September 1955, and 919 during October

1958 to September 1959- The first two
series of collections {viz., 1953-54 and 1955)
were made in Lake Pontchartrain proper.
The 1958-59 collections were obtained from
Saw Mill Pass at the Rigolets, lat. 30" 09'N
and long. 89° 44'W (fig. 1). Trammel
nets, seines, otter trawls, and rotenone were
used to collect the specimens.

Seine and trawl samples ( Suttkus, Dar-

nell, and Darnell, 1954) indicate that young-

of-the-year are more abundant in the shal-

lower areas of the lake during the period

February through April. Later in the season

young spot frequent deeper parts of the

lake and the trawl is a more effective type
of collecting gear. Thirteen trawl stations

and seven seine stations were established in

Lake Pontchartrain ( fig. 1 ) . The monthly
samples from each station were not large

enough to allow a critical comparison of

growth rate between various stations.

Length Measurements.—Length measure-

ments were made within a few hours aftr-

preservation in 10 percent formalin. Total

lengths, measured according to the method
of Hubbs and Lagler ( 1947), were used for

growth computations throughout this study.
For conversion of total length into standard

length a ratio of 1:0.816 was computed for

specimens from 19 to 49 mm and a ratio of

1:0.773 for specimens from 50 to 270 mm
in total length.

Scale studies.—Scales used in the deter-

mination of age and growth were removed
from the left side of each fish below the
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Figure 1. Map of Li-.ke Pontchartrain showing the distribution of monthly trawl and
seine stations.

lateral line immediately posterior to the ap-

pressed pectoral fin. Regenerated scales

were discarded. About 20 scales were re-

moved and rubbed between the f.'ngers to

clean off epidermis and slime. The scales

were then rinsed in water and stored in

scale envelopes. The following information

was recorded: total length, date of collec-

tion, locality, and method of capture.

In the laboratory, a few scales were re-

moved from each envelope and placed in a

0.5 percent sodium hydroxide solution for

a few minutes. Each scale was then cleaned

by rubbing between fingers. Impressions of

five or six regular scales were made on

3 by 1 inch cellulose acetate strips by use

of a roller type press ( mfg. William Dixon

Inc., Newark, New Jersey ) . The scale im-

pressions were viewed with a Bausch and

Lomb microprojector at a magnification of

57.5 X. Scale images were projected verti-

cally on a sheet of paper. The positions of

the projected annuli were marked on strips

cf paper and these were used for back-

calculations. All scales with at least one

annulus were read several times until the re-

sults were concordant. In addition to the

enumeration of annuli, the number of circuii

from focus to each annulus and to the an-

terior margin of the scale were counted.

Otolith studies.—A median sagittal inci-

sion was made on the head, in a dorso-

ventral direction. The two resulting halves

were forced outwards and both otoliths re-

moved with a forceps. They were stored

dry in their respective scale envelopes. Oto-

liths were removed only from 1955 and

1958-59 samples.

Some authors have emphasized the im-

portance of not allowing the otoliths to be-

come dry while others stored them dry.

Spot otoliths did not lose their clarity after

four years of dry storage in this laboratory.

Ling ( 1958) stated that the clarity of the

sea garfish, Reporbumphiis mclanocheir. oto-

liths did not suffer from the effects of
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Figure 2. Scale of spot with one annulus (total length 140 mm, March 27, 1954)

drying. However, otoliths of spot preserved
in formalin for more than a week were

opaque and unusable.

Dakin (1939) and Arora (1951) ground
otoliths to show the rings clearly. A few

spot otoliths ground on a rotary abrasive

wheel were compared with their entire coun-

terparts and no significant difference was
noticed in clarity of the rings.

The otoliths were placed in a black bake-

lite dish filled with water to a depth of

about 4 mm and studied under a stereoscopic
binocular microscope using reflected light.

The translucent bands appeared opaque by
reflected light in contrast to opaque zones

which appeared white. The radius of the

otolith from the center of the nucleus to the

anterior edge and to the various annuli was

measured by means of an eyepiece microm-

eter.

Age and Growth
Results of Scale Studies

Description of the spot scale.—Pacheco

( 1957 ) gave a brief description of the spot
ctenoid scale. Taylor ( 1916) stated that

the radii in Cynoscion regalis may afford a

supplementary aid in locating annuli, for

new radii often originate at an annulus.

Pacheco ( 1957) also subscribed to the same
view. Examination of the spot scale re-

vealed that new radii originated at an an-
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Fi{i:ure 3. Scale of spot with two annuli (total length 220 mm, March 31, 1953)

nulus (fig. 4), although several exceptions
were noted. However, with caution, radii

may be used as an additional guide to locate

an annulus. New radii usually arise in the

antero-lateral field on the outside of the al-

ready existing radii. The posterior field of

the scale is devoid of circuli and radii ( fiys.

2-4;.

Grotvth cessation marks.—The character-

istics of the spot annulus were determined

after examination of about two hundred

spot scales. The best character is "crossing
over". This is especially evident at the lat-

eral areas of the scale. The circuli in the

anterior region of the annulus are broken,

incomplete, crooked, or wavy, and stand out

prominently from the circuli that precede
and succeed them. The annulus is parallel to

the general contour of the scale and can be

traced around the sculptured part of the

scale. Sometimes it can be traced on the

unsculptured part of the scale( ^'.c-'.. in the

region of the ctenii ). The spot annulus has

three characteristics by means of which it

can be identified. The so-called crossing
over at the lateral areas, the broken or in-

terrupted circuli in the anterior field of the

scale, and, at times, closely approximated
circuli in the anterior field (figs. 2-4). A
check was considered an annulus only when
it was present in all scales of the selected

sample. My observations agree witii Pacheco
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Figure 4. Scale of spot with three annuli (total length 243 mm, May 28, 1954),

(1957) who stated that the usual charac-

teristic of a spot annulus was closer spacing
of circuli associated with broken circuli most

evident in the postero-lateral area of the

scale.

False annuli were often encountered and

with some practice they were easily identi-

fied. The false annulus is often close to an

annulus and is more distinct in the anterior

part of the scale than in the lateral areas.

Sometimes it is more pronounced than an

annulus. Its course cannot be followed all

the way around the scale because the false

annulus usually merges with the annulus.

False annuli may be caused by spawning
and or by some adverse environmental con-

dition.

Period of annulus formation.
—Time of

annulus formation was determined by meas-

uring the marginal increments for all scales

collected between October 1958 and Sep-

tember 1959. The mean marginal incre-

ment was minimum in March, and was max-

imum in January (fig. 5), and indicates that

the annulus is formed in February and early

March. After March the marginal incre-

ments increase very rapidly.

To verify the abovementioned determina-

tion all scales collected in January, February,
and March of 1959 were re-examined. No
annulus was noticed in scales collected in

January 1959- An annulus was present in

the majority of the scales collected in the

latter part of February. The majority of the
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Table 1.

Mean lengths of the anterior scale radiu.s (X 57.5), mean total length, )nean i}nmber of

circuli, and mean otolith radius of l,il8 spot.

Class
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sumably the eggs were spawned either in

December or early January. Thus the bio-

logical year and the calendar year appear to

coincide closely. The 1958 year class was

spawned in late 1957 or early 1958 and

formed the first annulus in February-March
1959. Thus a spot in the forementioned

group was considered to be young-of-the-

year during 1958 and of age group until

annulus formation in 1959. Photographs of

scales from spot of different ages are pre-
sented in Figures 2-4. After all scales

were "read" and interpreted the average
total length for each age group was deter-

mined. The increase in length is greatest

during the first year and thereafter the

growth rate is a decreasing progression
( Table 2 ) .

Determination of the length of the fish

at the time of scale formation.
—Young fish

(17 to 38 mm in total length) collected in

February 1954 were used to determine the

length of the spot at the time of scale for-

mation. The skin was stripped off from

head to tail and adherent muscle tissue was

removed. It was streched on a slide and a

drop or two of alizarin red was placed on

it. After one minute the preparation was

drained and the excess stain removed by

washing in 70 percent alcohol. The skin

was then dehydrated and mounted in Can-

ada balsam.

Scales or scale papillae were not noticed

in fish which were 17 mm, 19 mm, and 20

mm in total length. One specimen, 21 mm
long ( out of three ) had scales or scale pap-
illae. Two circuli were observed on caudal

peduncle scales from four fish that were 22

mm in total length. Twenty-two millime-

ters total length was considered to be the

length of the fish at the time of scale for-

mation. This value was used in back-calcu-

lation of body lengths.

There is a row of scales along the lateral

line from the caudal fin to the edge of the

operculum of fish 24 mm in total length.
A group of scales extends ventrally from

the middle of the lateral line system. Scales

are absent on either side of the mid-dorsal

and mid-ventral line.

Scales are present on either side of the

mid-ventral line in 26 mm fish but the scales

are not imbricate.

All scales are fully developed and imbri-

cate in 31 mm fish.

Hildebrand and Cable (1930) working
at Beaufort, North Carolina, reported that

the scales were not visible on spot 25 mm

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

Figure 5. Mean monthly marginal inci'ements of the scale of spot. Figures in paren-
theses indicate number of specimens.
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long but were evident nearly everywhere on

fish 30 mm long.

Body length and scale length relation-

ship.
—

According to Creaser (1926), Gra-

ham (1928), Van Oosten (1929), Hile

(1941), and Lagler (1956) scales remain

constant in number and retain their identity

throughout the life of a fish. Johnston
( 1905) was the first to devise a method
of calculating the length of a fish for each

year of its life by comparing the widths of

the yearly areas of the scale.

The relationship of total length to scale

length was determined from measurements
of 1,418 spot. The individual measurements
of both the total length and the anterior scale

radius for each of the 1,418 spot were plotted
on millimeter graph paper and a linear distri-

bution was found. The data were grouped by
total lengths into 10 mm groups (Table 1,

fig. 6 ) . The averages of these groups and

the means of their respective scale radii

(X57.5) were then used in computing the

linear regression equation (Snedecor, 1957):
Y = 0.98693X4- (—18.333). where Y=
anterior scale radius in millimeters (X57.5),
and X= total length in millimeters.

Estimates of annual growth.
— Creaser

(1926), Rounsefell and Everhart (1953),
and Lagler ( 1956) list several formulae for

back-calculation of body lengths. One fre-

quently used formula is the modified form

of Fraser (1916):
S'

L'= C.F. H (L— C.F.J.

S

The length of fish at the end of each year
of life was computed for all fish with at

least one annulus using Eraser's formula.

The results are shown in Table 2 and the

calculated growth curve based on these data

is shown in Figure 7.

The greatest annual increment ( 143.8

mm ) was during the first year of life
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240
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The average total lengths of young-of-the-

year spot collected at almost the same time,

at the same locality (Point Aux Herbes,

south shore of Lake Pontchartrain ) and in

different years were compared to ascertain

differences in the time of spawning. For

example, 1954 year class collected on March

7, 1954 at Point Aux Herbes had attained

a' mean total length of 35.2 mm, with a

range from 20-50 mm. The 1958 year class

collected on March 14, 1958 at the same

locality had attained a mean total length of

24.8 mm, with a range from 20-32 mm.

This would indicate that the 1958 year class

was spawned later than the 1954 year class.

Further, the 1954 and 1958 year classes at-

tained increments of 155.7 mm and 122.1

mm respectively during the first year of life

( Table 7 ) . This disparity in the increments

appears to be the result of late spawning of

the 1958 year class.

Pearson (1928) found a negligible num-

ber of spot over 182 mm in length. Using

the age-length ratio of Welsh and Breder

(1923) he advanced a hypothesis that spot

died before their third year. Gunter ( 1945 )

working in Texas waters also corroborated

Pearson's hypothesis. Very few spot with

three annuli were collected from Louisiana

waters and I also assume that the majority

of the spot die before they attain three years

of age. Welsh and Breder (1923) reported

a spot 300 mm in total length which they

determined to be 41/2 years old. According

to them the maximum length recorded for

this species is 330 mm. The longest speci-

men used in this study was 270 mm in total

Table 5.

Average calculated total levgths and incre-

ments in length of spot collected from
October 1958, to September 1959,

using scales.

Table 6.

Average calculated total lengths and incre-

ments in le)igth of spot collected on

October 17 and 22, 1953, using
scales.

Average Calculated Length
Xmnbci-df (ill iniiU f(ir rrevinus

A^fliK'Hp Speciliiciis
Years o f Life

I

III

31

14:!.8 —
153..-. lOS.-J

i:!S.4 ivn.o 218.0

Xuiiil)er of
Ueeords 4'.» 40

Average Calculated
Lengths in niiu 148.0 lOfi. 218.0

Average Increiuents
ill ill in " 148.9 4(5.4 27.0

Average Calculated Length
Niiniberof (in imn ) for I'revions

Age«iroii|i Siiei-inieiis Years of Life

1

II

111

67 122.1
157.0 215.0 —

N limber of
Records 69 CO

Average Calculated
Lengths in nun

Average Increments
ill mm ^

12.3.1 215.0 —

123.1 58.9 —
f' Only fish completing year of life were used in

roniiniliiig iniTi'incnts.

«(»nly fisli .•onipleting .vear of life were used in

coiiiiuiting iiicreiiieuts.

length and the scales had three annuli plus

a marginal increment.

Welsh and Breder ( 1923 ) found that

spot in New Jersey are approximately 80

to 100 mm in total length when one year

old, 170 to 220 mm when two years old,

240 to 290 mm when three years old.

Townsend (1956) working on the age

and growth of spot in Alligator Harbor

Florida, examined scales from 13 spot of

various sizes. Four of them had one annu-

lus each, three had two, one had three, and

the rest (five) had no annuli. He did not

test the validity of these age marks.

Pacheco ( 1957 ) studied scales of Chesa-

peake Bay spot and found the mean total

length attained at the end of first year was

about 196 mm, and 247.9 mm at the end

of the second year.

The figures of Pacheco (1957) are higher

than those of Welsh and Breder (1923)

and greater than those obtained in the pres-

ent study, i.e.. the total length attained at

the end of the first year is 1438 mm,

200.1 mm at the end of the second year,

and 223.2 mm at the end of the third year.

Thus the average size at each age and rate

of growth appear to vary greatly througliout

the range of this species.

Circuli.—The number of circuli was enu-

merated from focus to each annulus and to

the anterior margin of the .scale (Table 8).

The increase in the number of circuli is

greatest during the first year and thereafter,

the number of circuli formed is less. There

is a linear relationship between total length

and the number of circuli ( fig. 8 ) thus in-



No. 2 S/mdararaj: Age and Groivth of the Spot 51

dicating that the circuli are more or less

evenly spaced. In age group I, the average
number of circuli is 147.6; of this number
128.9 were formed before the formation of

the first annulus and 18.5 were formed after

it. On the average, 132.1 circuli are laid

down from focus to first annulus and 38.3

circuli are laid down from first annulus to

second annulus, and second annulus and third

between second and third annuli (Table 8).
There is good agreement regarding the aver-

age number of circuli laid down between
focus and first annulus, first annulus and
second annulus and about 20.1 are laid down
annulus in the different age groups. The

range of variation of the number of circuli

appears to be considerable (Table 8), but

some of this variation is a reflection of range
of lengths of the fish. Nevertheless, the

number of circuli may be used to determine
the approximate age of spot in fractions of

a year.

Results of Otolith Studies

Description of the spot otolith.—The oto-

lith is oval, laterally compressed with a con-

vex and a concave surface. The anterior end

is bluntish while the posterior end is round-

ed. When in situ the concave surface faces

toward the outside in the otic capsule. Each
otolith has a central translucent area known
as the nucleus. The nucleus is surrounded by
alternating bands of wide opaque and nar-

row translucent bands (figs. 10-12). Usu-

ally several radiating bands proceed from
the center toward the margin of the nucleus

(figs. 10-12) but these bands seldom extend

beyond the nucleus. The annuli are clearly
seen on the concave side of the otolith. On
the convex side a deep groove extends from
the center of the otolith towards the antero-

lateral part.

The otolith of a young spot differs slightly
from that of an adult spot. It is oval with

the central nucleus surrounded by a wide

opaque area. The anterior end is blunt and
the posterior end is rounded. In young
specimens most otoliths have a translucent

ring. Eventually, the translucent ring is

not continuous and seldom goes all the way
around the nucleus ( fig. 9 ) . As spot gets

larger radiating translucent lines proceed
from the nucleus toward the translucent

ring around the nucleus but this ring is

joined to the nucleus by means of radiating

180
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Table 7.

Annual groivth increvients (in millimeters) of spot in 1!j50-54, 1957, and 1958 year
classes during the calendar years 1950-54, and 1956-58, using scales. Figures in

farentheses indicate year of life.

Year
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Figures 9-12. Otoliths of spot; N = nucleus. 9. Without annulus; note the false translu-
cent ring around nucleus (total length 141 mm, October 23, 1958). 10. With one trans-
lucent annulus (total length 180 mm. May 5, 1955). 11. With two translucent annuli (to-
tal length 237 mm, May 5, 1955). 12. With three translucent annuli (total length 250

mm, May 5, 1955).
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Table 9.

Average calculated fatal lengths and increments in lengtJi of sj)()t collected from .hnniary
1955 to Septonber 1H55 and October 1958 to September 1959, using otoliths.

Age Giciiip
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tinued through February and March. Dur-

ing February 85 percent of the otoliths al-

ready had the annulus. These data corre-

spond with the period of annulus formation

determined by scale examination.

Age groups.
— The writer assumed that

the nucleus surrounded by the opaque zone

covered the period of life from the time of

hatching until the formation of the first

annulus. The nucleus represents the initial

deposition of calcareous material and is com-

parable to the focus of the scale. Hickling

(1933), Moore (1947), and Ling (1958)

have, however, counted the nucleus also.

All workers agree that the translucent band

is formed during winter and the opaque
band during summer.

Hickling (1933) and Ling (1958) count-

ed the opaque zones in hake otoliths and in

sea garfish otoliths respectively and assigned
the age according to the number of these

bands. In the sea garfish (Ling, 1958) an

annulus is laid down around an opaque nu-

cleus after about the first six months of life

and the first opaque band is formed at the

end of the first year. Hence he counted the

opaque zones and assigned the fish to year

groups according to the number of these

bands. The spot otolith is a little different.

The opaque zone surrounding the nucleus

represents the growth during the spring,

summer, and fall. The annulus is formed
around the opaque zone some time in Feb-

ruary. The presence of a translucent annu-

lus indicates that the fish has passed through
one winter and hence is a year old; ages were
recorded in the number of winters com-

Table 10.

Average calculated total lengths atid incre-

ments in length of spot collected from
January 1955 to September 1955,

using otoliths.

Table IL
Average calculated total lengths and incre-

m.ents in length of snot collected from
October 1958 to September 1959,

tising otoliths.

Age Group
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Figure 14. Relationship between total length and otolith radius for 1,064 spot.
120 random statistics plotted.

Only

Ling ( 1958) reported a similar situation in

sea garfish. There appears to be a nonlinear

relationship between the radius of the spot
otolith and the total length of the spot dur-

ing the early larval period. After a certain

period of growth the relationship is linear

( fig. 14). No attempt was made to find

the length of fish at the time of otolith for-

mation.

VAtimates of annual growth.
—The calai-

lation of intermediate lengths from otoliths

has seldom been attempted. However, Hick-

ling (1933) back-calculated the size of age

group hake. Fairbridge (1951) calculated

intermediate lengths of New South Wales ti-

ger flathead. Grainger (1953), Scott (1954),
and Ling (1958), back-calculated the lengths
at previous ages from measurements of oto-

liths of Arctic char, yellowtail flounder, and

sea garfish respectively. All these authors

assumed that the growth in fish length is

proportional to growth in otolith length.

Figure 14 indicates that in spot, growth
in fish length is proportional to growtli
in otolith radius. The concentric bands
in the otoliths have already been shown
to be annual in formation The for-

mula used for calculating the intermediate

lengths was 1 ^ — x v, where 1

V
mterme-

diate length; L = length of fish at capture;
V = total otolith diameter; and, v = dis-

tance from center of the nucleus to the an-

nulus. The length of the fish at the end of

each year of life was computed for all fish

with at least one annulus ( Table 9 ) .

The greatest increase in length ( 153-3

mm ) took place during the first year of life.

During the second and third years of life

the increments were 40.0 mm and 20.6 mm
respectively.

Table 9 represents a composite of 1955
and 1958-59 collections; separate tabulations

were computed also (Tables 10 and 11 re-

spectively). The increment for the 1955

sample during the first year was 167.2 mm,
39.8 mm during the second and 20.6 mm
during the third year. A perusal of Table

I 1 indicates that the annual increment dur-

ing the first year of life was very small when

compared to that in 1955. Possibly this is

correlated with the time of spawning, avail-

ability of f(X)d, temperature, etc. Obviously
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growth patterns vary considerably in the

same area from year to year and in adjoining
areas because of the variations and fluctua-

tions in ecological conditions.

Correlation of Scale and Otolith

Readings

Walford and Mosher (1943) advanced

the method of age determination in Pacific

sardines by correlating the age marks on

both scales and otoliths. Moore (1947)
correlated the age marks on scales and oto-

liths of sand flounder, while Arora (1951)
did the same in the California sand dab.

Parallel age determination by scales and

otoliths were made in 1,064 spot. Age de-

terminations were made separately for the

years 1955 and 1958-59 (figs. 15, 16). An

inspection of the figures indicates that the

calculated lengths based on scales and those

based on otoliths are close and either may
be used for age determination.

Length-frequency Distributions

The total length measurements of the

spot in Lake Pontchartrain taken by Suttkus,

Darnell, and Darnell (1954) during 1953,

1954, and 1955 were classified into size

groups with a class interval of 5 mm. The
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Figure 17. Length-frequency histograms of collections of spot made during 1953-54-55.
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at 117 mm, and a third at 127 mm. As the

length-frequency distribution is a consolida-

tion of all samples taken at the various sta-

tions in Lake Pontchartrain, one might rea-

sonably expect bimodal and trimodal dis-

tributions. These differences may be due

to differences in nutrition. By December,
the young-of-the-year had attained a modal

length of 142 mm with a range from 130

to 150 mm. The distribution is bimodal in

January with peaks at 132 mm and 142 mm.

By the end of January 1955 the group that

was spawned in winter of 1953-54 was

approximately one year old {i.e., they had

passed through one winter ) . They attained

a modal length of 142 mm. The calculated

length at the end of first year by means of

scales and otoliths is 143.8 mm and 153-3

mm respectively which is reasonable agree-

ment.

A comparison of the monthly station

samples of the young-of-the-year spot was

made over a period of five months ( April

1954 through August 1954). The results

indicate that there was a difference in the

mean total lengths for the spot taken from

the various stations. For example. Bayou
St. John spot (June

—86.9 mm; August
—

98.4 mm ) averaged smaller than those from

South Draw (June
—93-0 mm; August

—
120.3 mm) and Kenner Towers (June

—
92.5 mm; August

— 114.9 mm) although
collected on or about the same date, with

the same kind of gear. The young spot

presumably group in the lake after their

entry and remain in more or less separate

populations throughout spring and summer.

Suttkus (1955) reported a consistent dif-

ference between the mean lengths for young
croakers I Micropogon undulatus) taken from

various stations in Lake Pontchartrain. Bay-
ou St. John croakers averaged considerably
smaller than those from South Draw and

Kenner Towers. Data were available for

various stations in the lake, but the num-
ber of spot collected at these stations was

not large enough to warrant a comparison.

However, in Lake Pontchartrain, there ap-

pear to be great differences in rates of

growth. Extrapolation of these results of

one study area to another widely separated
or adjoining is hazardous.

Age group I.—The growth of age group
I can be continued beyond January 1955 by

following the modes in February, March,

April, and May 1955. Age group I had

attained a modal length of 172 mm by May
1955 with a range from, 155 to 199 mm.
Further growth of age group I can be fol-

lowed by tracing the modes from July 1953.

There is a mode of 197 mm in July 1953

and by October a modal length of 222 mm
was obtained.

Age group 11.—The growth of the age

group II cannot be identified satisfactorily

in the length-frequency distributions be-

cause of inadequate samples.

Many attempts have been made previous-

ly to determine the age of the spot by

length-frequency polygons (Welsh and Bre-

der, 1923; Hildebrand and Schroeder, 1928;

Pearson, 1928; Hildebrand and Cable, 1930;

Townsend, 1956; Pacheco, 1957; and Daw-

son, 1958). Dawson (1958) summarized

the conclusions of various authors.

Pearson (1928) stated that the young-of-

the-year from the Texas coast reached a total

length of 130 mm by the end of October.

Age group I had a modal length of 190 mm
in April and showed very little growth. By
November and December age group I spot

migrated from bays to the Gulf of Mexico

for spawning and did not return to the bays
in the spring in sufficient numbers. A
similar migration occurs in Lake Pontchar-

train. The age group spot is the most

abundant age group in the lake and they

move out of the lake into the Gulf of Mexi-

co by November and December. Age groups

I, II, and III spot also move out of the lake

into the Gulf of Mexico by November and

December, presumably for spawning. No

attempt was made to determine the age of

spot at maturity. Catch statistics indicate

that no spot were taken during December

(Suttkus, Darnell, and Darnell, 1954) and

this appears to be a case of complete with-

drawal of spot from the lake. Age groups
II and III are not well represented in the

samples from Lake Pontchartrain. A tag-

ging program might yield interesting infor-

mation on the movements of spot.

Welsh and Breder (1923) assigned a

modal length of 140 mm to one year old

spot at Fernandina, Florida.

Hildebrand and Cable (1930) studied

the growth of spot in the first year. The

young-of-the-year appeared in December and

by the following November they had at-

tained a total length of 139.3 mm.
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Townsend (1956) stated that at an ap-

proximate age of one year the spot in Alli-

gator Harbor, Florida, range from 122.8 to

166.8 mm in total length.
Dawson ( 1958) reported that most South

Carolina spot attain between 148.7 to 168.1

mm in total length in their first year. Spot
in their second year of life attained between

213.3 to 226.2 mm in total length.

Spot in Lake Pontchartrain attained a

modal length of 142 mm at the end of the

first year of life; growth of the subsequent

age groups is not clear because of insuffi-

cient samples.

Summary and Conclusions

This report presents the results of age
and growth studies on the spot, Leiostomus

xanthurus Lacepede, from the Lake Pont-

chartrain area, Louisiana.

A total of 1,418 spot collected by vari-

ous methods were used in this investigation.
The following conversion ratios were cal-

culated. Between 19 and 49 mm in total

length a ratio of 1:0.816 for conversion of

total length into standard length. Between
50 and 270 mm a ratio of 1:0.773 for con-

version of total length into standard length.

Age and growth of the spot were de-

termined primarily by scales and otoliths

but were verified by the length-frequency
method.

Spot scales are ctenoid and only one an-

nulus is formed during February and early
March each year. New radii often start at

an annulus, but a few exceptions were also

observed. Nevertheless, the origin of radii

may be used as a supplementary guide for

the location of an annulus.

Scales made their appearance when the

total length of the body was 22 mm.
The relationship between total length and

scale radius was determined from measure-

ments of 1,418 spot. The relationship was
linear and can be described by the equation
Y = 0.98693X+ (—18.333).

Fraser's formula was used to back-calcu-

late lengths at previous ages. Spot averaged
143.8 mm at the end of the first year of

life, 200.1 mm at the end of second year,
and 223.2 mm at the end of third year. The

average annual increments were 143.8 mm
during the first year, 48.6 mm during the

second year, and 24.1 mm during the third

year. Increase in length is greatest during

the first year and thereafter the growth rate

slows down. There was fairly good agree-
ment on calculated growth of fish of the

same and different age groups in different

years' collections. The length attained at

the end of first year of 1958-59 year col-

lection was smaller when compared to that

of previous years' collections. Further work
will be necessary to determine the nature of

factors responsible for slow and fast growth.
Growth of various year classes in dif-

ferent calendar years was evaluated. The
amount of growth made by fish in a par-
ticular year of life varied from year to year.
An attempt was made to establish a re-

lationship between the number of circuli

and the age of the fish. On the average
132.1 circuli are laid down from foais to

first annulus, about 38.3 circuli from first

to second annulus, and about 20.1 between
second and third annuli. The number of

circuli may be used to determine the ap-

proximate age of spot in fractions of a

year. Caution must be exercised in apply-

ing this method because the variations in

the range are considerable. However, the

number of circuli, like the radii, can be

used as a supplementary guide to locate an

annulus.

The longest specimen was 270 mm in

total length, had attained the age of three,

and was in its fourth year of life. The vast

majority of the spot probably die or migrate
after attaining an age of two years. This is

evidenced by the fewer number of spot in

age group III.

Each otolith has a centrally located nu-

cleus surrounded by alternating bands of

opaque and translucent areas. The growth
marks are clearly visible on the concave side

of the otolith. The annulus which repre-
sents winter growth appears as a translucent

band and the region in between two annuli

which represents summer growth appears

opaque in reflected light. Only one annulus

is formed each year during late January and

February.
The relationship between total length and

otolith radius was determined from measure-

ments of 1,064 spot. The relationship was

linear and can be described by the equation:
Y = 0.16438X— 9.4418.

The calculation of intermediate lengths

was accomplished by using the direct pro-

portion equation. Spot averaged 153.3 mm
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at the end of their first year of life, 212 mm
at the end of their second, and 225.1 mm
at the end of their third.

There was general agreement between the

scale year marks and otolith year rings from
the same fish. Parallel age determinations

by scales and otoliths were made for 1,064

spot. The calculated lengths based on scales

and those based on otoliths coincide closely,

thereby indicating that either may be used

for age determination in the spot.
The length-frequency distributions of the

spot show the growth of the young-of-the-

year very well. They attain a length of 142

mm by January. This closely corresponds
with the calculated lengths based on scales

and otoliths. Comparison of the monthly
station samples of the young-of-the-year spot
showed that there was a difference in mean
total lengths for spot taken from various

stations. Apparently, young spot group in

the lake after their entry and remain more-
or-less as discrete populations through spring
and summer. Growth of age group I can

also be traced, though incompletely, in the

length-frequency distributions. Growth of

age group II cannot be identified satisfac-

torily because of insufficient samples.
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Abstract

Age and growth of the spot, Leiosto-
mus xanthuriis Lacepede, from Lake
Pontchartrain area, Louisiana, were de-

termined by the scale and otolith meth-
ods and verified by length-frequency
method. For the study 1,418 spot ob-

tained by various methods in 1953-54,

1955, and 1958-59 were used. Annuli
on scales and otoliths were formed dur-

ing February and early March. The
maximum annual increase in length oc-

curred during the first year. There-

after, the growth rate decreased. An
attempt was made to establish a rela-

tionship between the number of circuli

and the age of spot. The longest speci-
men was 270 mm in total length and
had attained the age of three and was
in its fourth year of life. There was
good agi'eement between scale year
marks and otolith year rings from
the same fish. The calculated lengths
based on scales and those based on oto-

liths coincide closely, thereby indicat-

ing that either may be used for age
determination in the spot. The length-

frequency distributions of the spot show
the growth of the young-of-the-year
very well. Young spot taken at vari-

ous stations in the lake exhibited dif-

ferences in the growth rate. Presuma-

bly, young spot group in the lake after

their entry and remain as more or less

discrete populations through spring
and summer. Growth of age group I

could be traced, though incompletely,
whereas growth of age group II could
not be traced in the length-frequency
distributions because of inadequate
samples.




