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DEVELOPMENT OF THE LINED SOLE, ACHIRUS LINEATUS, 
DESCRIBED FROM LABORATORY-RE ARE D 

AND TAMPA BAY SPECIMENS

Edward D. Houde*
Bureau of Commercial Fisheries, U.S. Department of the Interior 

Tropical Atlantic Biological Laboratory1 
Miami, Florida 33149

Charles R. Futch
Florida Department of Natural Resources Marine Research Laboratory“ 

St. Petersburg, Florida 33731

Robert Detwyler 
Department of Biology, Norwich University 

Northfield, Vermont 05663

ABSTRACT

Morphological development of the lined sole, Achirus lineatus, 
is described from specimens reared in the laboratory a t Miami, 
Florida, and from plankton collected in Tampa Bay. The pelagic 
eggs were spherical, averaged 0.74 mm diameter, and had multiple 
oil globules. Growth of laboratory-reared larvae to 27 days after 
hatching is described. Larvae grew an average of 0.26 mm per day. 
Of the initial stock of 300 fertilized eggs, 33 juveniles survived 
for 30 days after hatching, a survival rate of 0.11. Behavior of 
larvae in the rearing tank is described. Metamorphosis began in 
laboratory-reared larvae a t 10 days after hatching, when they aver­
aged 3.2 mm SL (standard length). Tampa Bay larvae began to 
metamorphose a t 3.0 mm SL. Metamorphosis was essentially com­
pleted a t 5.0 mm SL. The sequence of initiation of fin development 
was : pectorals, dorsal, anal, caudal, and pelvics. Pectoral fins 
developed on both sides of larvae but disappeared on the left side 
afte r metamorphosis. A dorsal tentacle, posterior to the head, de­
veloped on larvae, grew to about 50% SL when larvae began to 
metamorphose, and then gradually disappeared as larvae completed 
metamorphosis. Four major rows of spinous scales developed on

^Present address: University of Miami, Rosenstiel School of Marine 
and Atmospheric Sciences 
10 Rickenbacker Causeway 
Miami, Florida 33149 

•Contribution No. 173.
“Contribution No. 157
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the sides of larvae before they began to metamorphose. Three 
prominent spinous bony ridges were present on each side of the 
head, one of which (the right frontal ridge) became the interor­
bital ridge when the left eye migrated across the dorsal midline. 
Eye migration was characterized by the left eye moving across the 
midline under a “hook” formed by the dorsal fin. Body propor­
tions changed during growth and metamorphosis; head length in­
creased and preanal length decreased relative to standard length. 
The only pigment on embryos and newly hatched larvae was scat­
tered white chromatophores. Distinctive patterns of dark brown, 
stellate melanophores developed on older larvae. An interbranchial 
foramen developed in larvae a t about 3.0 mm SL. The presence of 
the foramen and dorsal tentacle serve to separate A. lineatus 
larvae from the otherwise similar Trinectes maculatus. Larvae of 
A. lineatus from Tampa Bay usually were more developed a t a 
given length than were laboratory-reared larvae of the same 
length, and body proportions differed significantly between the 
two groups. Juveniles from Tampa Bay, Biscayne Bay, and the 
rearing experiment also differed with respect to certain meristic 
and morphometric comparisons. Probable reasons for the differ­
ences are discussed.

ACKNOWLEDGMENTS
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of the rearing experiment. Dr. William J. Richards, Mr. Robert 
W. Topp, and Mr. Edwin A. Joyce, Jr. offered suggestions and 
criticized the manuscript during its preparation. Illustrations of 
larvae were drawn by Mr, Grady Reinert.

INTRODUCTION

Eggs and larvae of the lined sole, Achirus lineatus (Linnaeus), 
have not been described, even though the species is one of the most 
common flatfishes found along the southeastern coast of the United 
States. The species occurs along the Atlantic coast from Florida to 
Uruguay, and is widespread along the coast in the Gulf of Mexico 
(Briggs, 1958). We studied development and metamorphosis of 
the species, from a series of laboratory-reared specimens and from 
specimens in plankton catches. Laboratory-reared larvae origi­
nated from fertilized pelagic eggs collected in Biscayne Bay, near 
Miami on the east coast of Florida. Plankton collections were from
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Tampa Bay, on the west coast of Florida. The two groups were 
compared to determine if development differed. We hypothesized 
tha t some differences might occur, due either to the rearing tank 
environment or to differences in the gene complements of the two 
populations.

Descriptions of development of soles (Soleidae) are uncom­
mon in the literature. A review of studies on development of 
many European soles has been included in the work of Padoa 
(1956). Kyle (1913, 1921) described larvae and development of 
a number of European flatfishes, including some soles. Many as­
pects of flatfish larval development were discussed by Norman 
(1934). Trinectes maculatus is the only American sole for which 
larval development has been described (Hildebrand and Cable, 
1938). In addition to the description of development of A. lineatus 
given in this report, Futch and Houde (in manuscript) have stud­
ied the osteology of the species, including tha t of the larval stages.

METHODS AND MATERIALS

Meristics and Morphometries
All counts and measurements were made with a binocular 

dissecting microscope and ocular micrometer. Counts of dorsal 
and anal fin rays sometimes were counts of pterygiophores, which 
developed prior to the associated rays. Counts of pectoral and 
pelvic fin rays were made on both sides of larvae. Measurements 
were made on the left side of larvae in which the left eye had not 
passed the dorsal midline during metamorphosis. Larvae th a t had 
developed to the stage where both eyes were on the righ t side were 
measured on tha t side. We measured the following :
Total Length (TL) : Tip of snout to tip of caudal fin.
Standard Length (SL) : Tip of snout to tip of notochord in young

larvae. Tip of snout to posterior margin 
of hypural plate in older larvae.

Preanal Length : Tip of snout to anus.
Head Length : Tip of snout to posterior edge of operculum.
Body Depth: Measured a t anus, including width of dorsal fin. 
Dorsal Tentacle Length : Base of dorsal fin a t the insertion of

tentacle to tip.
Eye Diameter : Horizontal distance between margins of fleshy 

orbit of right eye.
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Developmental Description
Premetamorphosing and metamorphosing stages can be recog­

nized in developing A. lineatus larvae. We described morphometric 
and meristic characters as they developed within each of the two 
stages rather than describing the entire larva a t each length class. 
This method gives continuity to the record of changes in the devel­
opment of particular characters.

Premetamorphosing and metamorphosing larvae were dis­
tinguished by determining whether the left eye had begun to 
migrate toward the dorsal midline. This distinction was made by 
measuring the distance from the insertion of the pectoral fin to 
the posterior margin of the orbit. In premetamorphosing larvae 
no difference in this measurement could be detected when left and 
right sides were compared, but in metamorphosing larvae the 
distance on the left side exceeded th a t on the right.

Development was described from both laboratory-reared and 
Tampa Bay larvae. Illustrations were made of laboratory-reared 
specimens only. Because age data were lacking for Tampa Bay 
larvae, characters in the two groups were compared by examining 
their development a t comparable standard lengths. When possible, 
rates of development for some characters were compared by re­
gression or covariance analyses.

Lo. boratory-reared Larvae
Eggs were collected on 28 July 1969 a t Bear Cut, Biscayne 

Bay, in a 0.5 m plankton net suspended a t the surface. Collec­
tions were made between 10:00 and 15:00 (EST), when average 
surface tem perature was 30.8° C and salinity was 32.25 o/oo. 
Three hundred eggs were placed in a 75-liter aquarium for rear­
ing. Two liters of a dense Chlorella bloom were added to provide 
a good bloom in the rearing tank on subsequent days. Chlorella has 
been demonstrated to promote growth and increase survival of 
fish larvae, probably by removing harm ful nitrogen metabolites. 
Temperature ranged from 26.0 to 29.0° C (mean 27.1° C) and 
salinities increased from 32.8 to 35.8 o/oo (mean 34.4 o/oo) dur­
ing the f irs t 20 days of rearing. Larvae fed on Zooplankton col­
lected in a 35 y mesh plankton net. Only plankton less than 150 
y body width was offered for the firs t .6 days after hatching.
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Subsequently, larger food was added, including plankton and, 
commencing on the 16th day a fte r hatching, brine shrimp (A rte­
mia salina) nauplii. F urther details of our techniques for rearing 
larval fish were described by Houde and Palko (1970).

Three to five specimens from  the rearing experiment were 
preserved each day in 5% buffered formalin to obtain a series for 
study. Four embryos and 62 larvae were used to describe develop­
ment during the 27-day period after hatching. Specimens were 
accessioned into the Tropical Atlantic Biological Laboratory 
(TABL) Museum Fish Collection,

Tampa Bay Larvae
Larvae were collected from Tampa Bay between January 1962 

and June 1963 in 0.3 m plankton nets of 667 ^ mesh or 0.5 m nets 
of 175 n mesh. Station descriptions were given by Eldred et al. 
(1965) and Eldred (1966). Specimens were preserved in 3 to 
5% buffered formalin. A total of 224 larvae, 1.6 to 5.0 mm TL, 
were collected, and 95 undamaged specimens were examined. 
Tampa Bay larvae were accessioned into the Florida Department 
of Natural Resources Ichthyological Collection (FSBC).

Juveniles
Juvenile specimens from Tampa Bay, Biscayne Bay, and from 

the rearing experiment were examined for morphometric and 
meristic differences. Of 49 specimens, 22 (10.2 to 61.0 mm SL) 
were from Tampa Bay; 15 (19.2 to 50.7 mm SL) were from Bis­
cayne Bay; and 12 normally metamorphosed (31.4 to 52,2 mm SL) 
were from the rearing experiment.

LARVAL DEVELOPMENT

Growth
Laboratory-reared larvae grew in length throughout the pre­

metamorphosing and metamorphosing stages (Figure 1). Changes 
in growth rate did not occur during metamorphosis. Larvae aver­
aged 1.59 mm SL (1.68 mm TL) a t 6 hr afte r hatching and 8.60 
mm SL (10.60 mm TL) a t 27 days, when metamorphosis was 
essentially complete. Growth in length was expressed by the equa­
tion Log Y =  0.2365 +  0.0261X, where Y is standard length and
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X is days after hatching (coefficient of determination, r 2 =  .951). 
Growth rate increased slowly throughout the larval period. Mean 
daily growth increment for the 27 days was 0.26 mm. Thirty-one 
juveniles reared beyond 27 days averaged 14.0 mm SL at 70 days 
and 26.2 mm SL a t 125 days. Twenty specimens averaged 37.5 mm 
SL at 200 days. Juveniles grew approximately 0.18 mm per day, 
a somewhat slower rate  than tha t of larvae.

1 0 0 -

9.0 -  

80 -  

70 -

Achirus lineatus 
LAB REARED

6.0 -

E
E
X
I-ozUl

0  
a

1  
Î

4.0 -

3 .0 - •  •  * •
• /y

2 .0  -
•

¿ I »

!

DAYS AFTER HATCHING

Figure 1. Growth of laboratory-reared Achirus lineatus.
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Mortality
A total of 33 juveniles survived until 30 days. Survival rate 

was 0.11 based on the 300 embryos placed in the rearing- tank. 
Most mortality occurred in the firs t 15 days, but no catastrophic 
losses such as might be associated with a “critical period” (M arr, 
1956) were observed. Included in the total m ortality were 62 
specimens preserved for study. If tha t deliberate source of mor­
tality and natural m ortality are considered independent, the 30 
day survival rate would have been 0.14. Only two juveniles died 
of natural causes from 30 to 200 days.

Behavior
Newly hatched larvae were almost neutrally buoyant and 

drifted in the rearing tank. They did not attem pt to swim until 
2 days afte r hatching, when the fan-shaped pectoral fins developed. 
The large pectoral fins were the principal means of locomotion 
for premetamorphosing larvae. The larvae were not active swim­
mers compared to most perciform and clupeiform larvae we have 
reared. Larvae began to feed a t about 40 h r when eyes were pig­
mented and their yolk absorbed (1.9 mm SL). A larva fed by 
approaching a potential food organism until its snout nearly 
touched it; in the next few seconds, the larva either darted a t the 
organism or swam away in search of other food. No study was 
made of food items, but the firs t plankton organisms offered as 
food were less than 100 y body width and were mostly copepod 
nauplii. Several cleared and stained metamorphosing larvae had 
copepods in their digestive tracts.

Larval behavior changed ju s t before metamorphosis. A t 6 
days (2.5 mm SL), larvae began to swim for short periods near 
the bottom of the tank with the body axis tipped toward the left 
side. At 8 days (2.8 mm SL) some larvae would rest on the tank 
bottom for several minutes, and then return to the mid-region of 
the tank to feed on plankton. By the 10th day (3.15 mm S L ), 
larvae spent nearly half of the time on the tank bottom. We could 
not determine whether larvae were resting on their left or right 
side because of the dense Chlorella, bloom and sediments on the 
tank bottom. A fter the 12th day (3.6 mm SL), larvae spent most 
of each day on the bottom. However, even a t 17 days (4.8 mm 
S L ), some larvae briefly left the bottom to feed on plankton. 
Juveniles, 10 to 15 mm SL, occasionally spent from a few minutes
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to more than an hour in the surface film feeding on plankton. 
Juveniles of this size also were observed clinging to the tank sides, 
darting out to feed on large plankton organisms.

Embryos
Laboratory-reared embryos were in late stages of develop­

ment when collected (Figure 12). Four preserved eggs were 
spherical, ranging in diameter from 0.71 to 0.76 mm (mean 0.74 
m m ). The egg membrane was thin, colorless, and unsculptured. 
From 13 to 19 clear, slightly yellow oil globules (0.02 to 0.09 mm 
diameter) were scattered throughout the transparent, colorless 
yolk. Small white, granular chromatophores were abundant over 
the entire embryo and were sparsely scattered on the yolk, giving 
the eggs an opaque, white appearance to the naked eye. These 
chromatophores faded rapidly after preservation and were not 
illustrated in Figure 12. No other pigment was present. Eggs 
began to hatch at about 12 hr after collection and all were hatched 
a t 16 hr. Because most pelagic eggs hatch within 24 to 30 h r after 
fertilization during the summer months in Biscayne Bay, the em­
bryos were presumably about 12 h r old when collected.

Size at Metamorphosis
The left eye began to migrate toward the dorsal midline on 

laboratory-reared larvae of about 3.2 mm SL, and on Tampa Bay 
larvae of about 3.0 mm SL. At these lengths, the distance from 
the insertion of the pectoral fin to the posterior margin of the 
orbit began to differ between the left and right sides of larvae 
(Figures 2 and 3). In laboratory-reared larvae, the length a t 
which metamorphosis began corresponded to the 10th or 11th day 
after hatching (Figure 1). Laboratory-reared larvae less than 
3.2 mm SL and Tampa Bay larvae less than 3.0 mm SL were 
designated as premetamorphosing, while larger ones were con­
sidered to be metamorphosing. Other criteria (discussed later) 
confirmed these lengths as being diagnostic in distinguishing the 
two developmental stages.

Myomeres
Myomere counts on laboratory-reared larvae ranged from 25 

to 27 in premetamorphosing larvae and from 26 to 27 in meta­
morphosing larvae. Myomeres could not be distinguished on larvae 
longer than 5.1 mm SL because of body thickness and dense pig­
mentation. The number of preanal myomeres gradually decreased
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from 10 or 11 in premetamorphosing larvae to from 8 to 10 in 
metamorphosing larvae (Table 1). A corresponding increase in 
postanal myomeres was observed as larvae began to metamorphose. 
The numbers ranged from 14 to 17 in premetamorphosing larvae,

Achirus lineatus 
LAB REARED1.20  -

/ •

E  1.00 -

O
f i  i o

•O o I /  «O

.4 0 -

,2 0 -
•  LEFT SIDE 
°  RIGHT SIDE

4.0 5.02.0 3.01.5

STANDARD LENGTH (m m )
Figure 2. Size a t beginning of metamorphosis for laboratory- 

reared A. lineatus. Metamorphosis begins where the distance from 
insertion of pectoral fin  to posterior margin of the orbit diverges 
between the left and righ t sides of larvae.
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Achirus lineatus  
TAMPA BAY1.2 0 -

E 1.00 -
ém

•  •

.80 -

.40 -

.20 -

•  LEFT SIDE 
o  RIGHT SIDE

0 .5 2.0 3.0 4.0 5.0

STANDARD LENGTH (m m )
Figure 3. Size a t beginning of metamorphosis for Tampa Bay 

A. lineatus. Metamorphosis begins where the distance from inser­
tion of pectoral fin to posterior margin of the orbit diverges be­
tween the left and right sides of larvae.

but from 16 to 19 in metamorphosing larvae. The change in num­
bers of preanal and postanal myomeres during growth resulted 
from the change in proportion of certain body parts during meta­
morphosis, particularly shortening of the gilt a t this stage.
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TABLE 1.— FREQUENCY OF OCCURRENCE OF PREANAL AND POST- 
ANAL MYOMERES FOR PREMETAMORPHOSING ( <  3.2 
mm SL) AND METAMORPHOSING ( >  3.2 mm SL) LARVAE 
OF ACHIRUS LI N EA TU S  REARED IN THE LABORATORY.

Larval Stage Number of Number of
Preanal myomeres Postanal myomeres
8 9 10 11 12 14 15 16 17 18 19

Premetamorphosing 0 0 10 22 1 1 3 21 8 0 0

Metamorphosing 4 7 11 0 0 0 0 1 11 5 5

Fins
Newly hatched larvae (Figure 13) had a well developed fin- 

fold but no paired or median fins. At 24 hr, larval pectoral fins 
had developed (Figure 14), and remained prominent throughout 
the premetamorphosing stage (Figures 15 to 20), being used as 
swimming organs. No rays were present in the pectoral fins of 
premetamorphosing larvae. Pectoral fins of metamorphosing 
larvae gradually became reduced (Figures 21 to 25), but remained 
on both sides of specimens until metamorphosis was nearly com­
plete. From 3 to 6 rays firs t appeared in both pectoral fins of 
metamorphosing larvae a t about 4.5 mm SL. At 5.4 mm SL, the 
left pectoral had disappeared from one specimen but remained on 
a second larva of the same size. Of two metamorphosed laboratory- 
reared individuals, 8.2 and 9.0 mm SL, the smaller had a well 
developed pectoral fin with 5 rays on the blind side, but the larger 
had none. Two Tampa Bay specimens, 8.3 and 9.2 mm SL, had no 
pectoral fins on the blind side. Juveniles and adults typically have 
a right pectoral fin with 4 to 6 rays and no pectoral fin on the 
blind side.

Median fin elements began to develop before metamorphosis. 
The firs t structures to appear were the dorsal fin pterygiophores 
which were present on some laboratory-reared larvae of 2.4 mm 
SL (Figure 18), and some Tampa Bay larvae as small as 2.1 mm 
SL. Anal fin pterygiophores developed next. They were present 
on laboratory-reared larvae of 2.6 mm SL, but were firs t noted on 
Tampa Bay specimens of 2.1 mm SL. Dorsal and anal fin rays 
began to appear at 3.0 mm SL on the laboratory-reared larvae 
(Figure 20). Ray counts were based on pterygiophores in pre­
metamorphosing larvae. Most dorsal and anal fin elements devel­
oped prior to metamorphosis (Figure 4). Two laboratory-reared
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larvae, 8.2 and 9.0 mm SL, had nearly complete dorsal and anal 
fin development. The adult complement of dorsal and anal rays 
varies; Jordan and Evermann (1898) reported A. lineatus having

NO. DORSAL RAYS
UlO

to
o

o»

O

Ui

Ui

Figure 4. The number of dorsal fin rays plotted against 
standard length for laboratory-reared and Tampa Bay A. lineatus 
larvae.
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49 to 58 dorsal rays and 38 to 44 anal rays. We found th a t juve­
niles from several Florida localities had from  47 to 54 dorsal rays 
and from 35 to 39 anal rays. Development of the median fins was

NO. ANAL RAYS
is>O GJO o

IOÖ

IOI*

m

ö

UyO

Figure 5. The number of anal fin rays plotted against stand­
ard length for laboratory-reared and Tampa Bay A. lineatus 
larvae.
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completed a t about 12 mm SL. The final stages of median fin 
development were the bifurcation of the fin rays, and the growth 
of a fleshy connection between the anal and pelvic fins, thus 
making them adnate.

Caudal fin rays developed during the latter part of the pre­
metamorphosing stage and the full adult complement of 16 rays 
was present before metamorphosis was completed. Laboratory- 
reared larvae of 2.9 mm SL developed fin rays in the ventral half 
of the caudel f inf old, at the time of notochord flexure. At 3.1 mm 
SL, all larvae had from 4 to 8 well developed caudal rays (Figure 
20). Caudal rays were present on some Tampa Bay larvae as 
small as 2.4 mm SL but were not consistently present until 2.7 mm 
SL. Most Tampa Bay larvae had 16 caudal rays at 3.4 mm SL, 
but laboratory-reared larvae did not have this full complement 
until nearly 4.0 mm SL. Before metamorphosis, the caudal fin 
shape resembled th a t of juveniles (Figures 24 to 27). Caudal 
ray tips bifurcated between 9.0 mm SL and 12 mm SL.

Pelvic fins firs t appeared as ventral buds just anterior to the 
gut (Figure 19). Laboratory-reared larvae developed pelvic buds 
at 2.75 mm SL. Some Tampa Bay larvae of 2.4 mm SL and all 
larvae longer than 2.65 mm SL had pelvic buds. Pelvic fin rays 
developed on larvae in the metamorphosing stage. Pelvic fins had 
complete counts of 5 rays a t 3.3 mm SL for Tampa Bay larvae 
and a t 4.0 mm SL for laboratory-reared larvae.

Dorsal Tentacle
The lined sole is unique among described soleids in having a 

dorsal tentacle during the larval period. This fleshy appendage 
apparently develops from the anteriormost myomeres, grows dor- 
sally into the finfold and eventually becomes a free tentacle-like 
structure with a slightly bulbous tip. The tentacle is supported 
by a fin ray. Laboratory-reared larvae developed the firs t trace 
of a tentacle a t 2 days after hatching (Figure 15) when some were 
less than 2 mm SL. Two Tampa Bay larvae less than 1.75 mm SL 
had developed the bud of a tentacle. I t  grew rapidly (Figures 16 
to 20) and was approximately 50% SL when metamorphosis began 
(Figures 6 and 7). Tentacle length was maximum when labor­
atory-reared larvae averaged 3.15 mm SL, and when Tampa Bay 
larvae averaged 2.95 mm SL. This difference in length was similar 
to tha t a t which eye migration began in the two groups.
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Figure 6. The ratio of dorsal tentacle length to standard 
length plotted against standard length for laboratory-reared A. 
lineatus larvae.

Reduction in tentacle size was rapid during metamorphosis 
but basic shape remained the same, being gradually reduced to a
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Figure 7. The ratio of dorsal tentacle length to standard 
length plotted against standard length for Tampa Bay A. lineatus 
larvae.

fleshy protuberance on the dorsal fin  (Figures 22 to 25). A ves­
tige remained on nearly metamorphosed larvae (Figure 26), but 
the tentacle had completely disappeared in laboratory-reared spec­
imens of about 5 mm SL (Figure 27).

Regan (1916) suggested tha t modified fin rays, such as the
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dorsal tentacle of flatfishes, m ight serve a sensory function, par­
ticularly as feelers used to detect food. Kyle (1913) proposed tha t 
flatfish tentacles might protect the cranium from attacks by 
predators. Tentacles might be used as flotation and balancing 
organs or to help present a deceptively large image to potential 
predators. We found no evidence demonstrating that laboratory- 
reared A. lineatus larvae used the tentacle in any of these capac­
ities. We do not believe the tentacle serves as a flotation device 
to insure extensive larval transport because the pelagic larvae of 
A. lineatus are confined to relatively shallow water. Larvae of 
Trinectes maculatus, which are similar in most respects to A. 
lineatus, do not have a dorsal tentacle (Hildebrand and Cable, 
1938), yet both species may occur in similar habitats. Larvae of 
A. lineatus and T. maculatus were occasionally found together in 
Tampa Bay collections.

Scale Development
Distinctive papilla-like structures on the sides of larvae, which 

absorbed and retained alizarin stain, apparently are rows of de­
veloping spinous scales. Four rows were present during most of 
the larval period and an indistinct fifth  row developed on nearly 
metamorphosed larvae. In addition, some spinous scales were scat­
tered over the gut and opercular region of metamorphosing larvae. 
The spines became longer as larvae developed. Bases of spinous 
scales had from 4 to 7 short, radiating arms. The number of 
spinous scales increased as larvae grew and they usually were 
present in equal numbers on the left and right sides.

Spinous scales began to develop on laboratory-reared larvae 
of 2.24 mm SL and were present on Tampa Bay larvae as small 
as 2.05 mm SL. The firs t spinous scales developed in a row imme­
diately dorsal to the level of the notochord (Figure 18). Three 
additional rows developed later (Figures 19 to 25), one dorsal 
and two ventral to the first. The fourth, or ventral-most row, 
originated on the posterior gut region, ran dorsad and then caudad 
along the ventral body margin. The third row started posterior 
to the opercular region and ran caudad. The two dorsalmost rows 
originated on the posterior head region and ran caudad. Numbers 
of spinous scales varied among individuals of the same size from 
both Tampa Bay and the laboratory. Large, nearly metamorphosed 
laboratory-reared larvae, 5.0 to 5.4 mm SL, had mean row counts
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Figure 8. The relation between development of spinous scales 
and standard length of laboratory-reared and Tampa Bay A. line­
atus larvae.

of 25, 25, 24, and 16, counting dorsal to ventral. The rate of in­
crease in the total numbers of spinous scales was rapid in the
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premetamorphosing phase, but they were added more slowly dur­
ing metamorphosis (Figure 8). The fifth  indistinct row of 3 to 5 
spinous scales developed on laboratory-reared larvae of about 4.0 
mm SL (Figure 26) ; it was located ventral to the others, originat­
ing ju st posterior to the gut region. Two large, laboratory-reared 
larvae, 8.2 and 9.0 mm SL, had many more spinous scales than 
smaller specimens. The scales were distributed over most of the 
body a t these larger sizes and not associated with the five larval 
rows.

Papillae
Long finger-like papillae developed on larvae greater than 4.3 

mm SL (Figure 27). Initially, 3 or 4 papillae developed on both 
sides in the posterior epaxial region. Papillae were numerous on 
two laboratory-reared specimens, 8.2 and 9.0 mm SL, in the epaxial 
and hypaxial regions. They were most numerous on the ocular 
side of the two individuals. The number of papillae apparently 
continues to increase on the ocular side after metamorphosis. They 
were very abundant on the ocular side of juveniles, but not pres­
ent on the blind side. Papillae on the blind side were lost after 
metamorphosis.

Interbranchial Foramen
A distinguishing character of juvenile and adult A. lineatus 

is the presence of a perforate branchial septum, the interbranchial 
foramen (Norman, 1966). This character separates Achirus from 
Trinectes, which does not have a perforate branchial septum. When 
viewed in transm itted light, the foramen appears as a translucent 
area just anterior to the cleithrum in the hpyobranchial region. 
I t developed in laboratory-reared larvae a t about 3.0 mm SL and 
in Tampa Bay larvae a t 2.9 mm SL. The presence of a foramen 
and dorsal tentacle in A. lineatus larvae separates them from 
larvae of Trinectes maculatus, which are otherwise similar.

Development of the Head
As ldiwae developed, many im portant changes took place in 

the shape and structure of the head region. Most involved bone 
structure and have been discussed by Futch and Houde (in manu­
script) . Some of the external changes in head structure are given 
in the following report.
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The overall shape of the head of newly hatched larvae differed 
markedly from th a t of specimens about to begin metamorphosis. 
Larvae retained a prominent, crest-like hump on the head (Figure 
13), throughout the premetamorphosing stage. In early stages of 
metamorphosis the hump became smaller (Figures 20 to 22), co­
incident with a steepening of the forehead which preceded the 
beginning of the migration of the left eye toward the dorsal mid­
line (Figures 23 and 24).

Three prominent, spinous bony ridges were present on the 
head of A. lineatus larvae (see Futch and Houde, in m anuscript), 
similar to those of Trinectes maculatus larvae illustrated by Hilde­
brand and Cable (1938). The firs t and largest of these ridges 
(frontal ridge) was directly over the eye, and developed on labor­
atory-reared larvae of 2.00 mm SL (Figure 14). A t 4 days the 
second ridge (parietal) developed posterior to the f irs t (Figure 
16), and a t 7 days the th ird  ridge (autopterotic) appeared, also 
posterior to the f irs t (Figure 19). The parietal ridge moved dor­
sad during development and its former position became occupied 
by the developing autopterotic ridge. All three ridges remained 
throughout metamorphosis. The frontal ridges were asymmetric; 
the larger on the right side eventually became the interorbital 
bony ridge. The three ridges contribute to the laterosensory canal 
system (Futch and Houde, in m anuscript).

During metamorphosis the left eye moved forw ard and across 
the dorsal midline (Figures 21 to 26) .to the right side. The right 
eye moved slightly ventrad during metamorphosis (Figurés 26 
and 27). As the left eye migrated, the dorsal fin and its under­
lying tissue began to form a “hook,” under which the eye passed 
(Figure 25). In larvae tha t metamorphosed normally, this “hook” 
gradually grew forward and eventually down toward the snout, 
becoming adnate to it when eye migration was complete.

Numerous cirri and short spinelike structures began to de­
velop on the left side of the head of 4.0 mm SL laboratory-reared 
larvae just after the left eye had crossed the dorsal midline. Most 
surrounded the mouth and presumably are used in a sensory ca­
pacity during feeding. Other bony processes developed in relation 
to the cephalic laterosensory system (Futch and Houde, in manu­
script) .
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Figure 9. The relation between head length and standard 
length of laboratory-reared and Tampa Bay A. lineatus larvae.
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length of laboratory-reared and Tampa Bay A. lineatus larvae.
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Figure 11. The relation between body depth and standard 
length of laboratory-reared and Tampa Bay A. lineatus larvae.

23



Head length of larvae relative to standard length increased 
from about 20% at hatching to nearly 40% when metamorphosis 
was almost complete. Head lengths were greater for Tampa Bay 
larvae of a given standard length than for laboratory-reared larvae 
(Figure 9), of the same length. Eye diameter was proportional 
to standard length, averaging 7.5% for larvae larger than 2.5 
mm SL.

Preanal Length
Preanal length of laboratory-reared and Tampa Bay larvae 

decreased in proportion to standard length during the premeta­
morphosing and metamorphosing stages (Figure 10). The de­
crease corresponded to the decrease in numbers of preanal myo­
meres observed during development (Table 1). The gut region 
became relatively shorter during metamorphosis.

Body Depth
Body depth increased a t about the same rate for laboratory- 

reared larvae and Tampa Bay larvae of comparable size (Figure 
11). A t 4.0 mm SL, larvae resembled juveniles in general body 
shape.

Pigmentation
Larval pigmentation consisted of dark brown, stellate melano- 

phores which became increasingly abundant on the head, body, 
and fins during growth. Typical black melanophores were absent. 
Considerable variation in melanophore size and distribution was 
observed on larvae of the same size. Pigment was concentrated 
in tiny specks on some, but dispersed on others. Individual dif­
ferences probably reflected an ability of larvae to adjust pigmen­
tation to their surroundings.

Embryos and larvae up to 2 days old had no melanophores. 
Tiny granular white chromatophores were distributed on the body, 
yolk, and in the finfold of newly hatched larvae. Much of this 
white pigment had disappeared between 4 and 5 days afte r hatch­
ing, but some was retained in the finfold, on the lower jaw, and 
at the base of the caudal fin. White pigment was lost when larvae 
were preserved.
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The eye became darkly pigmented a t 2 days (Figure 15). 
Brown pigment f irs t developed on the body at 4 days, when labo­
ratory-reared larvae averaged 2.1 mm SL. Pigment was dis­
tributed in a thin line dorsal to the gut region and as a few 
melanophores a t the base of the dorsal tentacle (Figure 16). Most 
premetamorphosing larvae subsequently added pigment in the fol­
lowing sequence: mid-body in epaxia] region, extending into fin­
fold (Figure 17) ; ventral margin of postanal myomeres; crest on 
head and on lower jaw ; gut region (Figure 18) ; dorsal margin of 
postanal myomeres. At 7 days, larvae of 2.8 mm SL were pig­
mented over much of the body, and a characteristic pigment pat­
tern  had developed on the dorsal tentacle and in the dorsal and 
anal finfolds (Figure 19).

Melanophores became more numerous and widely distributed 
in metamorphosing larvae. The dorsal tentacle typically was pig­
mented near its tip, a t mid-length, and a t its base (Figures 22 and 
23). Two areas of pigment were distinctive in the dorsal fin, one 
near mid-body, and the other about % the distance from snout to 
end of caudal fin. Two areas of pigmentation also developed in 
the anal fin, one near its anterior end, and the other posterior to 
the firs t (Figures 20 to 24). A heavy band of dark pigment formed 
at the base of the caudal fin (Figures 24 to 27). Each of these 
areas had a few white chromatophores. Pigment patterns in 
median and caudal fins persisted until metamorphosis was nearly 
completed. Two laboratory-reared larvae of 8.2 and 9.0 mm SL 
were equally pigmented on both sides, but a 9.2 mm SL Tampa Bay 
specimen was more heavily pigmented on the ocular side.

Swimbladder

Larvae had a well developed swimbladder, which persisted 
until metamorphosis was nearly completed. This structure, f irs t 
observed a t 4 days in laboratory-reared larvae of 2.1 mm SL 
(Figure 16), was somewhat displaced to the left side. The swim­
bladder of dextral flatfish larvae is usually displaced to the right 
(Kyle, 1921). At 4.0 mm SL, the swimbladder became reduced 
and only one of two 5.4 mm SL larvae retained it. Swimbladders 
were absent in juveniles (12 to 50 mm SL) from Biscayne and 
Tampa Bays.
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' ' I >  o LO ô  ©* ^  OM ÛO c ô  CM LO O  l o  ^  c o  t - .

C ' M c M C O C O ^ ^ ^ s r f ' :S ' ‘̂ ' ,::Î< ‘Vt< ’,:3'

M f c f l î p b u t c M M h c M W l t i C b c W )
IM g'* SIK S |M §'* g'* g'* g'* g1* g'* S1* S'M g'* gK M O i p i P i P i C d K f c l P i M K M

©  ^  ©  ©  
CO CO c o  CO

©  ©  
O  ©  CD *0) «3-B1 Ci OO 

^  ’- r

,wbo
|X|X|Í*¡ g 

Ph

CM CM CO O H H C M

V

LO © LO © LO © )i0 © LO © LO © LO O  ©  ©
l > © CM LO c> © CM LO t - © CM LO t >  ©  CM LO
1—1 CM CM CM cm' CO CO co co TT LO LO LO
1—I © i—t © rH © rH © rH © rH © t—1 ©  rH ©
LO © CM LO t ’ © v CM LO h - © CM LO t -  ©  CM
1-H rH CM CM CM CM CO co co cô ’r i  DO LO

26



e

I
Ä
Ö

CQ

e
a

I
&h

c q

r - ; I—!ca o 'Tr w rt S
+ j  So tí S 

n  o ) ^  
H

“ S g

H-* i  
w o ¿

^  o ,  Ç
£ <“ Ë 
« a - S

'S "B S•  c c

2 + 3 — -

“ t l

tn
f t  t/3 -pO a> _ â  02

■S «  s p s

^ r / Í P Í ^j/3  M  ^

ft «2
o  0 ) + *  flj
,5 "ca aí 12 a v jco 
m m

tí m
T3 > ift tí tí tí
O
r r  02tí >» tí tí
<P¿

jS ¿¡ 
O

tí
d  lJ

iS w

fe S
g  §  tí a

bJDCT' tí £ tí S Pi c

| í U
g e o

D i  U i  0 0  ©kc u î h h ’î i m ^ ûow
D i ©  C - C ^ t - U D t í O ^ . J ü S t í ^ f t - J O O ^ C O í O r H C O
O  ,■ rH  T t  r ^ i O O V O i ' ^ i ^ J 1 ,* t*  ,* D i ,*

‘ O  * *ÖS ' O  ' 5 C J N  * C0 * rH '  i i i  ‘ o  
rH O  ^  t -  TP C0 Di

© CO co
© rH rH 1-H D i Di Di 'T * DI
rH Di DJ r CO i" d j ,*

OJ © O rH
1-H CH d í

© co
© fc- rH co

i ii l ii 05 Di q co ÏH* J
IO .■ q 0 0 i* q 1 O 1

© (M co
Ui co ÍH* co

O T C C -  
'01 i* iii 

* 1>  '  
CO

o  
q  ,-©

O  I o

O I o

bí'IX Clx 
tí  

Ph

rH rH © © rH
C0 t r CO t " CO t 1-  Di ©  CO,* Di ,* CM i* cm i’ Di .♦
Di ID U i Ui 0 0
DI CM Di DI Di

0 0 O GO O ©
IO 00 00 q co
rHÉ

L -
q rH rH t - rH

I rH DI
co rH O rH ' t rH U i Di CD
© q © ©
rH rH rH rH Di

© CO t - CO ©
rH co C0 ©

Di
D i OS rH

io t -  oo as t> r o  _J <m _J co t í  ^co / c- i'oo i o i H7W i ci7iii7
t>  ©  o  O  rH ^  co©

CO O  Di O  IO  CD ©Di ^  C0 00 t" <05 CD
Ï-iS'iSS’ï'g-TiSHgrigHi

îDt'iOC5B'050ftT3,B'OtHOOCOo 
© c ^ o o c o q © r j i t ' * © r - ~ q o o © c o c o o o  
rH o  co O  C'í 00 c î  rji L‘'  Ci CO CD có LO ¿
rH D i ■ ^ r H t i Í - ^ © L £ Í t ~ © t ' ~ L - C ~ t -

CO©©iODÍ’̂ CO©t-©iib©©t-*©üO 
oo<N O’̂ , iocDcj>t’ r H t - l > o o q t > q o o  
H  O  l> O  H  ¿  00 H  00 ¿  rH 4  CÓ ó  C0 h
rH O] ^  oq i o  T Í  íO  i o  ^  ÍO  ^  t>  c ~  t -

t >  0 0  t -  CO L— ©  ©  ©  U i ©
 ̂ . C0 c o  0 0  0 5  O  rH rH rH U i rH t ' '  rH £ 0  CD

r H o t í O 0 0 l O H ¿ c Ó ¿ l í 2 i ¿ H H  
rH rH rH rH

C O C í W r H ’^ C O C O Q O C '- lO O C D tH * © '*
rH rH CD Di q  C0 q  C0 ©  CO q  CO q  C0 <>j ^  
C O O t ' - O l D O C ^ c i r H i ^ C r i r J - C ^ i Ó C O c O  

rH Ó -Jo jC O iM ^Ó JC O c O

© T j l t - © ’' t f C O r H - ^ O i t ' * U Í L - ~ © r H © r J i
CDCOoO’̂ ’̂ T i iÇ D ’r f r H ’̂ C O ^ q r ^ O ^
U i ©  O  ©  r f  ©  CO c ó  r-H i o  D i I:-  t ~  LO r- î

rH D i C O c O ^ C O ^ C O C O c O ^ C O

OÍ QÍ ( l ) Q; QÍ < DC í a ;hcbí í bcbí í bj obf i bf l bj o
51* S|M Six S'* Six S'X «i« ct í t í t í t í t í t í t í t ít ó K M K K W P Í P Í

co
Cvl

q
co

lo  ©  iii »  O CM

V

© i ii © Ui © iii ©
i ii t- © Di q te­ ©
DÎ D¡ CO CO co co -HH
có rH c¿ rH CD rH ©
DJ q q © Di q q
DÍ Di Di CO co có co

27



COMPARISON OF LABORATORY-REARED AND 
TAMPA BAY LARVAE

Differences were observed in morphometric and meristic 
characters of laboratory-reared and Tampa Bay larvae. Although 
the sequence of development was the same for each group, those 
from Tampa Bay usually were more developed a t any given length 
than were those reared in the laboratory (Table 2). Fin rays 
and spinous scales were more numerous, and most proportional 
measurements differed within length classes. The differences be­
came less pronounced on larger larvae nearing completion of 
metamorphosis. Metamorphosis apparently began a t a shorter 
length for Tampa Bay larvae (Figures 2 and 3) ; development of 
the dorsal tentacle and subsequent reduction also occurred a t 
shorter lengths for Tampa Bay larvae (Figures 6 and 7).

We examined three characters by analysis of covariance to 
determine whether the two groups of larvae differed significantly 
in their development. Head length, preanal length, and body 
depth were regressed on standard length (Figures 9 to 11). In 
each case, the variances for the two groups were homogenous 
(P > .05 ), although Tampa Bay specimens were always more vari­
able than laboratory-reared specimens. Head length and preanal 
length differed significantly between the two groups during devel­
opment (Table 3). During growth, head length increased a t about 
the same rate for Tampa Bay and laboratory-reared larvae. How­
ever, head length was greater for Tampa Bay larvae a t any given 
standard length within the range of lengths available in our 
samples. Preanal length increased a t a faster rate for laboratory- 
reared larvae but preanal lengths of Tampa Bay larvae averaged 
greater than those of laboratory-reared larvae of the same stand­
ard length during the premetamorphosing stage. Body depth did 
not develop a t a significantly different rate among the two groups, 
although Tampa Bay larvae less than 2.5 mm SL usually were 
deeper bodied than laboratory-reared larvae of the same lengths 
(Table 2).

Differences in larvae from the two sources may have orig­
inated in three ways: Populations from Tampa Bay may be 
genetically distinct from those in Biscayne Bay; laboratory rear­
ing may have produced larvae th a t developed atypically; and the
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long preservation time (about 8 years) for Tampa Bay larvae 
m ay have caused shrinkage and distortion of some body parts. 
Existing evidence leads us to believe tha t the second and third 
suggestions may have contributed to the differences. A number 
of laboratory-reared specimens metamorphosed abnormally (data 
not included), although no deformities were observed until meta­
morphosis was nearly completed. Tampa Bay specimens often 
were distorted and difficult to measure, implying tha t the collec­
tion and preservation process might have caused the apparent 
differences in rates of development between the two groups. 
Among Tampa Bay larvae, the greater observed morphometric 
and meristic variability also suggested tha t distortion may have 
been responsbile for the differences,

JUVENILES

Juveniles from Biscayne Bay, Tampa Bay, and from the labo­
ratory rearing experiment were examined, and differences in 
meristic and morphometric characters were found suggesting tha t 
differences observed in larvae from the laboratory and Tampa 
Bay may have been real. Numbers of dorsal, anal, and caudal 
rays were compared (Table 4) ; means differed significantly 
(Tukey's test) among a t least two of the groups in each compari­
son. Juveniles reared in the laboratory collected from Biscayne 
Bay had a significantly greater number of dorsal rays than those 
from Tampa Bay. Mean number of anal rays was greatest for 
laboratory-reared fish and least for Tampa Bay specimens. All 
three groups differed significantly in mean anal ray counts. Labo­
ratory-reared specimens had fewest caudal rays ; the mean differed 
significantly from those of both Biscayne and Tampa Bays.

Morphometric variation in juveniles from the three sources 
was examined by comparing head length, preanal length, and body 
depth. These three characters were regressed on standard length 
for each of the three groups of fish and the regressions were then 
compared by analyses of covariance. The adjusted mean head 
length, preanal length, and body depth were computed for each 
group of larvae as were their regression coefficients (Table 5). 
Regression coefficients were significantly different among the 
three groups of juveniles for each character. Adjusted means of 
each character also differed among the three groups. The dif-

30



TABLE 4.— NUMBERS OP DORSAL RAYS, ANAL RAYS, AND CAU­
DAL RAYS ON JUVENILE ACHIRUS L IN E A TU S  FROM 
THE LABORATORY REARING EXPERIM ENT, BISCAYNE  
BAY AND TAMPA BAY.

Character Source of 
larvae

Number of 
specimens

Number
Range

of rays 
Mean

Dorsal Rays Lab reared 12 50-54 51.33
Biscayne Bay IB 49-53 50.86
Tampa Bay 20 47-52 49.70

Anal Rays Lab reared 12 37-39 38.08
Biscayne Bay 15 37-39 37.73
Tampa Bay 20 35-39 37.35

Caudal Rays Lab reared 12 14-16 15.41
Biscayne Bay 15 16-17 16.06
Tampa Bay 20 15-16 15.95

TABLE 5.—-REGRESSION COEFFICIENTS AND ADJUSTED MEANS 
FOR THE REGRESSIONS OF HEAD LENGTH, PREANAL  
LENGTH AND BODY DEPTH AGAINST STANDARD 
LENGTH OF ACHIRUS LIN EA TU S  JUVENILES FROM 
THE LABORATORY REARING EXPERIM ENT, BISCAYNE 
BAY AND TAMPA BAY.

Character Source 
of larvae

Number of 
specimens

Regression
coefficients

Adjusted 
means (mm)

Head length Lab reared 12 0.2297 8.55

Biscayne Bay 15 0.2612 8.99
Tampa Bay 22 0.3060 9.03

Preanal length Lab reared 12 0.2417 6.37
Biscayne Bay 15 0.1768 7.33
Tampa Bay 22 0.2818 7.50

Body depth Lab reared 12 0.6830 18.76

Biscayne Bay 15 0.5982 18.13
Tampa Bay 22 0.7161 19.18

ference between regression coefficients for each character was 
tested for significance by comparing jeach pair of groups (Table 
6). The slopes did not differ significantly for any of the three 
characters when laboratory-reared and Biscayne Bay specimens
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were compared, Laboratory-reared and Tampa Bay individuals 
had significantly different slopes for head length regressed on 
standard length but not for preanal length or body depth. The 
regression coefficients were significantly different for each case 
when juveniles from Biscayne and Tampa Bays were compared. 
Because the regression coefficients were not homogenous, adjusted 
means were not tested, but it seemed apparent tha t laboratory- 
reared juveniles had shorter head lengths and preanal lengths 
than those from either Biscayne or Tampa Bay of the same stand­
ard length (Table 5). Body depth apparently was somewhat 
greater for Tampa Bay specimens than for those from Biscayne 
Bay.

TABLE 6.— COMPARISON OF REGRESSION COEFFICIENTS FROM 
ANALYSES OF COVARIANCE FOR HEAD LENGTH, PRE­
ANAL LENGTH AND BODY DEPTH REGRESSED ON 
STANDARD LENGTH OF ACHIRUS LIN E A TU S  JU V E­
NILES.

Character Comparison Probability regression 
coefficients 

do not differ

Head length Lab reared x Biscayne Bay P ~  .20
Lab reared x Tampa Bay P <  .001 **
Biscayne Bay x Tampa Bay P =  .005 **

Preanal length Lab reared x Biscayne Bay P >  .15
Lab reared x Tampa Bay P >  .30
Biscayne Bay x Tampa Bay P <  .001 **

Body Depth Lab reared x Biscayne Bay P >  .20
Lab reared x Tampa Bay P >  .50
Biscayne Bay x Tampa Bay P <  .005 **

Specimens were from a laboratory rearing1 experiment, Biscayne Bay, and 
Tampa Bay. Probabilities were derived from calculated values of “Student’s t.”

A. lineatus is a species tha t varies greatly over its range 
(Jordan and Evermann, 1898). The three groups of juveniles we 
examined differed in several respects, even though laboratory- 
reared and Biscayne Bay specimens shared a common gene pool. 
Adult lined soles from Biscayne Bay spawned the eggs for our 
rearing experiment, yet the laboratory-reared juveniles differed 
in many respects from those collected in the Bay. We believe tha t 
much of the variability observed in this species may be environ­

32



mentally induced. Many individuals metamorphosed abnormally 
in the rearing experiment, probably because of tank confinement. 
Some of the observed differences between laboratory-reared and 
Tampa Bay larvae (Tables 2 and 3) probably resulted from the 
environmental conditions under which the two groups developed.
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Figure 12. Embryo of Achirus lineatus at time of collection,
an estimated 12 hours after fertilization.

Figure 13. Newly hatched larva of A. lineatus. 1.6 mm SL.
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Figure 14. One day old larva of A. lineatus. 2.1 mm SL.

Figure 15. Two day old larva of A. lineatus. 2.0 mm SL.
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Figure 16. Four day old larva of A. lineatus. 2.2 mm SL.

Figure 17. Five day old larva of A. lineatus. 2.3 mm SL.
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Figure 18. Six day old larva of A. lineatus. 2.4 mm SL.

Figure 19. Seven day old larva of A. lineatus. 2.9 mm SL.
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Figure 20. Nine day old larva of A. lineatus. 3.1 mm SL.

Figure 21. Eight day old larva of A. lineatus. 3.4 mm SL.
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Figure 22. Ten day old larva of A. lineatus. 3.6 mm SL.
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Figure 23. Eleven day old larva of A. lineatus. 3.6 mm SL.
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Figure 24A. Twelve day old larva of A. lineatus. 3.7 mm SL. 
Left side.

Figure 24B. Twelve day old larva of A. lineatus. 3.7 mm SL. 
Right side.
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Figure 25A. Thirteen day old larva of A. lineatus. 4.0 mm 
SL. Left side.
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Figure 25B. Thirteen day old larva of A. lineatus. 4.0 mm
SL. Right side.
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Figure 26. Fourteen day old larva of A. lineatus. 4.1 mm SL.
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Figure 27. Seventeen day old larva of A. lineatus. 5.4 mm SL.


