
Abstract.- Commercial and rec
reational catches of red drum Sciae
nops ocellatus were sampled from 
Tampa Bay and Mosquito/upper In
dian River Lagoon, Florida, between 
August 1981 and March 1983. Males 
matured at smaller sizes and young
er ages than did females. Males ma
tured when they were 350-799 mm 
FL (ages 1-3), and females matured 
when 550-899 mm (ages 3-6). In 
1981 and 1982, red drum spawned 
between August and November, with 
peak spawning occurring in Septem
ber-October. Histological evidence 
suggested that spawning occurred in 
nearshore Gulf of Mexico waters, in 
passes, and in the estuary. Ages deter
mined from thin sections of otoliths 
were validated by length-frequency 
and marginal-increment analyses for 
fish ages 1-3 and by observations of 
oxytetracycline-marked fish for ages 
5, 12, 16, and 18. Growth was rapid 
through age 4 or 5 but then slowed 
markedly. Growth rates of males and 
females were similar on each coast. 
Estimates for the von Bertalanffy 
growth equation parameters K and 
t0 were not significantly different 
between coasts; however, L"" was 
significantly greater on the Atlantic 
coast. Therefore, predicted lengths 
of Atlantic fish were greater at all 
ages. Maximum observed lengths 
were 980 mm on the Gulf coast and 
1110 mm on the Atlantic coast. Max
imum observed ages of sampled fish 
were 24 years on the Gulf coast and 
33 years on the Atlantic coast. The 
range of 95% confidence intervals 
for estimates of total annual mortal
ity rate on the Gulf coast was 87-98% 
for ages 2-4; on the Atlantic coast, 
the range was 50-76% for ages 2-6. 
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The red drum Sciaenops ocellatus 
is an estuarine-dependent sciaenid 
found in nearshore waters (usually 
< 22 m deep) from northern Mexico 
to Massachusetts (Yokel 1966, Lux 
and Mahoney 1969, Ross et al. 1983); 
it is occasionally found north of Ches
apeake Bay (Yokel 1980). Red drum 
support important recreational and, 
until recently, commercial fisheries in 
most coastal areas of the U.S. south 
Atlantic and Gulf of Mexico (Mercer 
1984). These fisheries have recently 
undergone strict management in 
Florida to reduce growth and recruit
ment overfishing (Swingle et al. 1984, 
Goodyear 1987). 

Despite the importance of the red 
drum, little is known about its life 
history in Florida. While the spawn
ing season and size at maturity have 
been described for red drum in Texas 
(Pearson 1929, Miles 1951, Matlock 
1985) and Mississippi (Overstreet 
1983), the spawning season in Florida 
has been inferred only from larval 
collections taken along the Gulf coast 
(Springer and Woodburn 1960, Yokel 
1966, Jannke 1971, Peters and 
McMichael 1987). Age and growth 
have been described for juvenile and 
adult red drum in U.S. south Atlan
tic waters (Bearden 1967, Theiling 
and Loyacano 1976, Music and Paf
ford 1984, Daniel 1988) and in the 
northern and western Gulf of Mexico 
(Pearson 1929; Simmons and Breuer 
1962; Rohr 1964, 1980; McKee 1980; 
Doerzbacher et al. 1988). In Florida, 
larval and juvenile age and growth 
have been studied in Tampa Bay 

(Peters and McMichael 1987), but 
only limited data are available on 
early growth in other areas (Kilby 
1955, Roessler 1967). 

This paper describes reproduction, 
age, growth, and mortality for red 
drum on the Gulf and Atlantic coasts 
of Florida. Weight-length and length
length relationships are also pre
sented. 

Methods and materials 
From August 1981 through March 
1983, monthly samples of red drum 
were collected from commercial and 
recreational catches in two coastal 
areas of Florida: (1) Tampa Bay (27° 
40'N, 82°35'W) o n  the Gulf coast, 
and (2) Mosquito/upper Indian River 
Lagoon (28°40'N, 80°40'W) on the 
Atlantic coast. Fish were captured 
using a variety of gear, including 
trammel nets, gill nets, hook-and
line, and haul seines. Fork length 
(FL) in millimeters was measured on 
all fish in the catch. Each month on 
both coasts, a random subsample was 
taken, and up to ten fish per length 
interval (<300, 400-499, 500-699, 
700-899, and >899 mm) were mea
sured for total length (TL) and stan
dard length (SL), weighed for whole 
weight (W) to the nearest ounce 
(later converted to grams), and sam
pled for gonads and otoliths (sagit
tae). Gonads were preserved in the 
field in Davidson's or Zenker's fix
ative (Humason 1972), soaked in 
water for 24 hours in the laboratory, 
and then stored in 70% ethanol. A 
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Table 1 
Reproductive classes of red drum gonads of each sex. 

Class Female 

1. Immature Few folds of ovigerous lamellae; few or no primary oocytes; 
oogonia predominate; diameter of ovary <3.0 mm. 

2. Developing Ovigerous lamellae fill lumen of entire gonad; abundant 
primary oocytes; oogonia present at periphery of lamellae. 

or 

Resting virgin Lamellae contain abundant primary ooeytes; few, if any, 
oogonia present; absence of atretic oocytes; tunica thickened. 

3. Maturing Early vitellogenesis; oogonia, primary oocytes, and oocytes 
with yolk vesicle present. 

4. Mature Late vitellogenesis; oogonia, primary ooeytes, and oocytes 
with yolk vesicles and yolk globules present. 

5. Gravid Maturation. Oogonia, primary oocytes and oocytes with yolk 
vesicles, globules, and migrating nuclei present. 

6. Spawning Amorphous, hydrated oocytes present; oogonia, primary 
oocytes, and ooeytes with yolk vesicles, yolk globules, and 

or migrated nuclei present: fragments of ruptured oocytes 
scattered throughout: collapsed, empty follicles present; yolk 

Partially spent remnants usually present in connective tissue and lamellae; 
tunica greatly thickened. 

7. Spent Oogonia and primary oocytes present in budding ovigerous 
lamellae; ovary with "empty" areas; "plugs" of unshed 
oocytes present; atretic oocytes scattered throughout, usually 
in association with blood vessels. 

8. Recovering Prolific recrudescence of ovigerous lamellae with myriad 
oogonia and primary oocytes; only gamma and delta atretic 
oocytes present in the lamellae. Tunica thickened and 
convoluted. 

Male 

Only spermatogonia present; no evidence 
of tubule development. 

Early spermatogenesis; few scattered 
cysts of primary spermatoeytes; periph
eral tubules differentiating lumen not 
developed. 

Mid-spermatogenesis; spermatogonia, 
cysts of spermatocytes and a few 
spermatids present along tubules. 

Late spermatogenesis; few spermato
gonia; spermatozoa collecting in tubules 
and central lumen. 

Reduced number of spermatogenic cysts; 
efferent ducts filled with spermatozoa; 
lumen of central duet partially filled with 
spermatozoa. 

Efferent duets filled with spermatozoa; 
spermatozoa in main collecting duct; 
distal portions of a few efferent tubules 
empty and somewhat thickened; sper
matogonia absent. 

No spermatogonia or spermatocytes 
present; efferent tubules empty; lumen 
of central collecting duct with few 
sperm; testis greatly reduced in size; 
tunic of previous spawners thickened and 
convoluted. 

Network of efferent tubules lined with 
spermatogonia; numerous PAS leuco
cytes present in central sinus; tunica 
thickened and convoluted. 

6-mm-thick sample from the central portion of one lobe 
of each gonad was embedded in paraffin, sectioned to 
6-llm thickness, stained with Mayer's haematoxylin 
(Humason 1972) and eosin Y, and mounted for micro
scopic examination. Additionally, sections of vitello
genic ovaries fixed in Zenker's fluid were sectioned to 
8-llm thickness and stained with Heidenhain's azan 
(Humason 1972). 

Hunter and Macewicz 1985). "Rejuvenation" is defined 
as the development of oocytes that were held in an 
advanced perinuclear stage of development since the 
previous spawning season. These clutches of oocytes 
in postspawn, recovering females exhibited a char
acteristic dual cytoplasmic banding (Yamamoto 1956, 
Howell 1983). 

Eight classes of maturity (Table 1) were distinguished 
based on the histological criteria of Wallace and Selman 
(1981) and Hunter and Macewicz (1985) for oogenesis 
and Grier (1981) and Grier et al. (1987) for spermato
genesis. Recognition of oocyte atresia and rejuvenation 
was important in determining whether a fish had pre
viously spawned. Atretic oocytes were recognized by 
degeneration of the zona radiata, nuclear membrane, 
and yolk globules (Moe 1969, Wallace and Selman 1981, 

Length at maturity was determined by grouping fish 
by coast and sex into 50-mm intervals, determining the 
percentage that were mature (� class 4) within each 
interval, and estimating the length at which 50% of the 
fish were mature by interpolating between interval 
midpoints. Oocyte diameters, measured with an ocular 
micrometer, were used to define the spawning season. 
Only oocytes whose nuclei were included in the cross 
section were measured, because these have been shown 
to represent true oocyte diameters (Foucher and 
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Beamish 1980). A total of 100 oocytes in a randomly 
chosen lamella were measured in each female gonad 
to calculate mean oocyte diameters within subsamples. 
To further delineate the spawning season and char
acterize variation in egg size, ten of the largest oocytes 
from each section were also measured (DeMartini and 
Fountain 1981), and their mean was plotted against the 
collection date. 

Otoliths were excised from subsampled fish, cleaned, 
and stored dry in vials. Sagittae were sectioned in the 
laboratory using a Beuhler Isomet Low-Speed Saw 
with diamond wafering blades. A 0.5-mm-thick section, 
cut through the core of the right sagitta, was mounted 
on a microscope slide with Coverbond Mounting Media. 
Each section was examined for age marks using a 
dissecting scope (32 x) with reflected light. All sections 
were independently read once by two individuals; then, 
when necessary, a common reading was conducted. 
Determining age by simply counting annuli was not 
always possible because annulus formation occurs 
about 2-6 months after the anniversary of the actual 
hatching date (see "Age Determination and Growth" 
section). To assign ages accurately, we assumed a 
biologically realistic hatching date of 1 October (see 
"Spawning Size, Age, Season, and Location" section; 
Matlock 1984), and ages were incremented on this date. 
Observations of otolith sections from oxytetracycline 
(OTC)-marked fish served to directly validate opaque 
bands as annuli. Oxytetracycline-injected fish (intra
muscular injection of 25 mglkg body wt.) were held in 
outdoor ponds (n = 4) for subsequent recapture and ex
amination after they were free for more than 1 year. 
All four fish were recaptured after 19 months. 

Red drum captured by all gear types were included 
in the growth analyses. The von Bertalanffy (1957) 
growth equation, FL = Loo (1 - exp [ -K (t- t0)]), was 
fit to observed age-length data by using the NLIN pro
cedure (Marquardt option) of SAS (Vaughan and Kan
ciruk 1982). Growth equation parameters are defined 
as follows: L00 = the average fork length (mm) that a 
fish would achieve if it were allowed to grow indefinite
ly in accordance with the model; K = Brody's growth 
constant; t0 = the hypothetical age at which a fish 
would have zero length, and t = age in years (Ricker 
1975). The weight-length relationship was described by 
linear regression of logwtransformed data. Analysis 
of covariance was used to test for differences between 
regressions. 

Age-length keys were applied to length frequencies 
to separate age groups and develop sample abundance 
data used to estimate total annual mortality rate (A): 

Reference to trade names does not imply endorsement by the 
National Marine Fisheries Service, NOAA. 
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A = 1 - S, where S is the annual survival rate. Age
length keys were developed for each season for com
bined samples captured by trammel net, hook-and-line, 
and haul-seine. Abundance of each age-group in the 
samples was then summed over all seasons during the 
study period. Total annual mortality rates were esti
mated from truncated age data that included all fully 
recruited age-groups with sample abundance of five or 
more fish. This procedure eliminated any bias inherent 
in the collection of large fish (Chapman and Robson 
1960). Survival rates were calculated using the modi
fied Heincke method (Seber 1973), Robson and Chap
man (1961) estimates developed for truncated age data, 
and catch curves. 

Results and discussion 

Spawning size, age, season, and location 

Males matured at smaller sizes (x2-test, p<0.05) and 
younger ages than did females on both coasts. Some 
Gulf coast males were sexually mature after they 
reached 400 mm, and some on the Atlantic coast were 
mature after they reached 350 mm (Table 2). Inter
polated lengths at 50% maturity were 529 mm and 511 
mm, respectively. Most males were mature at age 1 
or 2, and all were mature by age 3 (see "Age Deter
mination and Growth" section). Some Gulf coast 
females were sexually mature after they reached 600 
mm, and some on the Atlantic coast were mature after 
they reached 550 mm. Lengths at 50% maturity were 
825 and 900 mm, respectively. Some females were 
mature at age 3, and all were mature by age 6. 

While results of previous investigations suggest that 
the size and age at which red drum mature may vary 
over its geographical range (Pearson 1929, Gunter 
1950, Miles 1951, Overstreet 1983, Music and Pafford 
1984), we show that there are also large maturational 
differences between sexes. Lengths at 50% maturity 
were about 300-390 mm smaller for males than 
females. In Mississippi, males and females began 
developing when they were 300-549 mm SL (358-629 
mm FL); however, only after growing to 700 mm SL 
(792 mm FL) were more than 50% of the samples of 
either sex mature (Overstreet 1983). Female red drum 
in Texas matured during their fourth or fifth year, at 
about 750-850 mm TL (711-803 mm FL) (Pearson 
1929, Miles 1951, Matlock 1985). A 755-mm TL (716 
mm FL) male red drum sampled in Georgia had well
developed gonads and was apparently mature (Music 
and Pafford 1984). 

Spawning peaked on both coasts of Florida from 
about September through October. Maximum oocyte 
diameters and the presence of eggs with yolk vesicles, 
globules, and migrating nuclei indicated that active 
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Table 2 
Percent of sampled red drum in each 50 mm FL length inter-
val that were mature (� class 4) on the Gulf and Atlantic coasts 
of Florida. Numbers in parentheses are numbers of fish 
examined. 

Gulf Atlantic 
Fork length 

(mm) Male Female Male Female 

200-249 0 (3) 
250-299 0 (7) 0 (4) 0(10) 0 (7) 
300-349 0(21) 0(17) 0 (7) 0 (17) 
350-399 0(18) 0 (24) 9(22) 0(22) 
400-449 16(19) 0(16) 16(19) 0 (32) 
450-499 24(21) 0(24) 35(20) 0(28) 
500-549 47(19) 0 (6) 56(25) 0(18) 
550-599 81(27) 0(24) 70(20) 7(15) 
600-649 88(43) 2 (53) 85(20) 0(26) 
650-699 85(36) 4(28) 82(38) 0(18) 
700-749 100(36) 28(36) 93(27) 0(36) 
750-799 100 (6) 36(14) 94(17) 7(14) 
800-849 100 (3) 50 (2) 100 (6) 7(14) 
850-899 100 (1) 100 (3) 100 (4) 0 (1) 
900-949 100 (6) 100 (3) 100 (1) 100 (1) 
950-999 100 (2) 100 (2) 100 (2) 100 (9) 

1000-1049 100 (1) 100 (1) 100 (5) 
1050-1099 100 (2) 
1100-1149 100 (1) 

vitellogenesis occurred in August and September 1981, 
when the study began on the Gulf and Atlantic coasts, 
respectively (Fig. 1). Gonads were in spawning condi
tion or were partially spent during September-October 
1981. In 1982, active vitellogenesis began in August, 
and most spawning or partially spent individuals were 
collected in September. Mean and maximum oocyte 
diameters declined by mid-November 1981 and by mid
October 1982, indicating cessation of peak spawning 
(Fig. 1). 

These results are consistent with the findings of 
previous studies (Pearson 1929, Mansueti 1960, Yokel 
1966, Jannke 1971, Sabins 1973, Peters and McMichael 
1987). However, spawning in Tampa Bay may have 
begun earlier than August in 1982 because larval and 
juvenile length-frequency distributions and otolith 
analyses of daily growth indicated that spawning had 
begun in mid-July (Peters and McMichael 1987). Ap
parently, spawning in mid-July did not occur in a large 
enough portion of the population to be reflected in our 
samples. Macroscopic analyses of adult gonads and 
analyses of gonosomatic indices have suggested that 
spawning takes place in Texas during October through 
February (Heffernan 1977) and that spawning off Mis
sissippi takes place during summer (Overstreet 1983). 

Ovarian histological features provided evidence that 
spawning occurs in the nearshore Gulf of Mexico, in 
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Figure 1 
Mean and mean maximum oocyte diameters for red drum sampled 
from both Atlantic and Gulf coasts of Florida. 

the vicinity of passes, and within estuaries. Ovaries of 
females captured in all three areas displayed either 
(1) advanced oocytes with migrating nuclei or hyaline 
oocytes released from the follicular layer, indicative of 
an imminent spawn (DeMartini and Fountain 1981), or 
(2) atretic bodies and postovulatory follicles (POF), in
dicative of a recent spawn (Yamamoto and Yoshioka 
1964, Takita et al. 1983, Hunter and Macewicz 1985). 
A female captured 4.8 km off the Florida Gulf coast 
had numerous oocytes with migrating nuclei, and a 
male from the same site had spermatozoa filling the 
efferent duct of the testes, both of which suggest im
minent offshore spawning. A large female red drum 
captured about 7 km within the mouth of Tampa Bay 
contained ovulated hydrated oocytes, POF, and several 
atretic oocytes. All of these artifacts indicate that she 
had recently spawned. Supporting the hypothesis that 
estuaries are also used as spawning sites is the fact that 
females (n = 4) that had POF or hyaline oocytes re
leased from the follicle layer were found about 42 km 
within Tampa Bay, 35 km south of Ponce de Leon In
let in Mosquito Lagoon, and 90 km north of Sebastian 
Inlet. 

Based on data from egg and larval collections made 
just inside passes, most investigators have concluded 
that red drum spawn principally in nearshore areas 
close to channels and passes (Pearson 1929, Miles 1950, 
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Simmons and Breuer 1962, Yokel 1966, Jannke 1971, 
Holt et al. 1985). Our data suggest that spawning may 
also occur over the nearshore continental shelf and in 
estuaries. Collections of mature or recently spent fish 
made in nearshore Gulf waters from just outside the 
barrier islands to depths of 69.5 m suggest that spawn
ing takes place offshore in the Gulf of Mexico (Christ
mas and Waller 1973; Heffernan 1977; W.A. Fable, 
NMFS Panama City Lab., Drum seine observers trip 
report, 18-21 Aug. 1982. Memo OO.Sep.82*002148 to 
A.C. Jones, NMFS Miami Lab., 4 p.). Peters and 
McMichael (1987) reported that although most spawn
ing in Tampa Bay occurred close to its mouth, some 
spawning probably took place in nearshore Gulf waters. 
Recent egg collections provide evidence that red drum 
spawn within Mosquito Lagoon (Johnson and Funicelli 
In press). Our collection of females in Mosquito Lagoon 
containing POF corroborate these findings and suggest 
that red drum found equally far within Tampa Bay may 
also be spawning within the estuary. Moreover, red 
drum movement was observed during a sonic tracking 
study in Mosquito Lagoon (Carr and Smith 1977, Carr 
and Chaney 1976) and little directed movement dur
ing the spawning season was noted. 

Age determination and growth 

Ages of red drum from 0 to at least 18 could accurate
ly be determined using otoliths. Red drum sagittae 
showed clearly delineated, easily interpreted (100% 
agreement between counts) hyaline and opaque bands. 
Otoliths with 0-33 opaque bands were examined; they 
were taken from 1085 red drum (551 Gulf coast and 
534 Atlantic coast) with size ranges of 225-1110 mm. 
Although ages of red drum were validated for only the 
first 18 years, we assumed, for age and growth anal
ysis, that each opaque band represents an annual mark 
(annulus). 

Minimally overlapping monthly length frequencies, 
a consistent marginal increment minima each year, and 
observations of oxytetracycline-injected fish supported 
the hypothesis that the opaque bands are annuli. Modal 
length progressions representing the 1978, 1979, 1980, 
and 1981 year-classes on the Gulf coast and 1980 and 
1981 year-classes on the Atlantic coast could be fol
lowed in length frequencies (Figs. 2, 3). These length 
modes could be followed for fish up to 3 years-old and 
consistently agreed with lengths of fish having cor
responding otolith-determined ages. The periodicity of 
the mean monthly marginal increment minima each 
winter (December-March) for fish having one or two 
opaque bands further suggests that opaque bands were 
deposited annually (Fig. 4). Opaque bands on fish older 
than age 3 are also probably annuli. Four adult red 
drum that were injected and held in outdoor ponds for 
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Figure 2 
Monthly length frequencies for red drum from the Gulf coast of 
Florida. No collections were made in April 1982. Horizontal bars show 
length ranges for otolith-aged year-classes and are labeled for year
class and age in years. 

19 months deposited one opaque band each between 
release (August 1986) and recapture (March 1988). 
These fish were 5, 12, 16, and 18 years-old when 
recaptured. 

Otoliths have been used to determine the age of red 
drum (Miles 1951, Rohr 1964, Theiling and Loyacano 
1976), but the use of opaque bands as an age deter
minant has never been adequately tested. Off Mis
sissippi, annuli apparently form on otoliths during 
winter or spring (Rohr 1964). In Texas, where the valid
ity of using scales to determine ages of red drum� 4.5 
years-old has been established (Matlock et al. 1987), 
annuli form on scales between February and April in 
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Figure 3 
Monthly length frequencies for red drum from the Atlantic coast of 
Florida. No collections were made in June 1982. Horizontal bars show 
length ranges for otolith-aged year-classes and are labeled for year
class and age in years. 

Matagorda Bay (Wakefield and Colura 1983), during 
winter in Aransas/Corpus Christi Bay (Pearson 1929), 
and as early as January in all Texas bays (Matlock et al. 
1987). Red drum deposit a first annulus on otoliths and 
scales during their second winter, when they are about 
14-18 months-old (Pearson 1929, Rohr 1964, Theiling 
and Loyacano 1976, Hysmith et al. 1983, Wakefield and 
Colura 1983, Matlock 1984, Matlock et al. 1987). Ap
parently, juvenile red drum that measure 40-100 mm 
during their first winter (Kilby 1955, Peters and 
McMichael 1987) do not form an annulus; our smallest 
specimen with an annulus was 379 mm. 

Red drum grew rapidly until age 4 or 5, and then 
growth slowed markedly (Table 3; Fig. 5). For each 
coast, the average observed sizes of fish ages 1-3 were 
not significantly different between sexes (Student's t
test; p>0.10 in all cases). However, in comparing 
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Figure 4 
Mean monthly marginal increment ( ± 1 SD) for red drum in Florida 
waters with (a) one and (b) two annuli on otolith sections. Differences 
between coasts were not significant (ANOV A, p > 0.05), therefore 
pooled data are presented. 

coasts, the average observed sizes were significantly 
larger (p<0.001) at ages 1 and 2 on the Atlantic coast 
than they were on the Gulf coast. After age 2, growth 
appeared to be slower on the Atlantic coast; however, 
the variance for age 3 lengths was significantly greater 
(F-te�t; p<0.05) on the Atlantic coast. Sample sizes of 
older age groups were too small to test for statistical 
differences. 

Lengths predicted from the von Bertalanffy growth 
curve agreed with the average observed lengths of red 
drum on the Gulf and Atlantic coasts (Table 3; Fig. 5). 
Asymptotic length (L00) was significantly larger (Stu
dent's t-test, p<0.01) on the Atlantic coast than on the 
Gulf coast, while the Brody's growth constant (K) and 
age at zero length (t0) were not significantly different 
(p>0.05). Therefore, predicted lengths were greater 
at all ages for Atlantic coast red drum than for Gulf 
coast fish. Our estimates of asymptotic length are 
generally greater than other reported values: 717 mm 
TL (680 mm FL), 835 mm TL (789 mm FL), and 803 
mm TL (760 mm FL) for Lower Laguna Madre, Mata
gorda, and Galveston Bays in Texas, respectively 
(Wakefield and Colura 1983); 918 mm TL (865 mm FL) 
in Texas bays (Doerzbacher et al. 1988); and 950 mm 
TL (894 mm FL) in Mississippi Sound (Rohr 1980). This 
suggests that red drum grow larger in Florida or, as 
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Table 3 
Average observed and predicted fork lengths (mm) for red 
drum sampled from Gulf and Atlantic coasts of Florida. 
Sample sizes are in parentheses. 

Gulf Atlantic 

Age Average Average 
(yr) observed Predicted observed Predicted 

0 296 (62) 335 (59) 
1 436(169) 337 462(192) 373 
2 635(232) 557 655(166) 581 
3 736 (65) 696 742 (66) 718 
4 845 (5) 784 768 (14) 808 
5 877 (1) 839 863 (5) 867 
6 874 871 (5) 905 
7 896 931 
8 910 995 (2) 948 
9 975 (1) 919 973 (2) 959 

10 925 986 (1) 966 
11 928 918 (1) 971 
12 925 (1) 930 894 (1) 974 
13 932 976 
14 933 1028 (2) 977 
15 933 954 (1) 978 
16 933 960 {1) 979 
17 968 (1) 934 979 
18 898 (2) 934 979 
19 957 (1) 934 975 (1) 979 
20 934 980 
21 918 (1) 934 980 
22 960 (6) 934 1110 11) 980 
23 934 980 
24 980 (1) 934 980 
25 1038 (3) 980 
26 1060 (1) 980 
27 980 
28 983 (2) 980 
29 980 
30 980 
31 980 
32 980 
33 1050 (1) 980 

noted by Matlock (1984), that the larger fish which 
predominately inhabit continental shelf waters were 
not adequately sampled in Texas and Mississippi. Mat
lock (1984) estimated the von Bertalanffy growth equa
tion for red drum in Texas using data from Pearson 
(1929) and found what he considered a more reasonable 
estimate of L00 of 1068 mm TL (1002 mm FL). 

Length-at-age estimates of red drum in Florida were 
similar to those reported in past literature for red drum 
in Texas (Pearson 1929, Miles 1951, Simmons and 
Breuer 1962; Table 4). However, red drum in Florida 
appear to grow more rapidly than red drum in Missis
sippi (Rohr 1980), South Carolina (Thieling and Loya
cano 1976), and those in a more recent study from 
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Figure 5 
Average observed ( ± 2 SD or range if n. = 2; see Table 3) and predicted 
mean lengths of red drum in Florida waters. 

Texas (Wakefield and Colura 1983). However, as noted 
above the differences in length-at-age estimates could 
be attributed to a sampling bias toward smaller near
shore fish. 

Mortality 

Ninety-five percent confidence limits for estimates of 
total annual mortality rate (1 - S) using sample abun
dance data ranged 87-98% for red drum ages 2-4 on 
the Gulf coast and 50-76% for red drum between ages 
2-6 on the Atlantic coast during 1981-83. Red drum 
were fully recruited by age 2. Sample size of fish older 
than 4 years on the Gulf coast and 6 years on the Atlan
tic coast fell below the suggested lower limit of five fish 
to ensure unbiased estimates (Chapman and Robson 
1960). Mean estimates of total annual mortality rates 
were consistently greater for Gulf coast fish (Table 5). 

Total annual mortality of red drum has been esti
mated for Everglades National Park in Florida and for 
Texas bay systems. In Everglades National Park, Rago 
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Table 4 
Literature accounts of mean fork lengths at age for red drum. Fork lengths are in millimeters and were converted from TL or SL, 
if necessary, using the relationships in text. 

Area, study, and method 1 

Texas 
Pearson (1929) 

Aransas/Corpus Christi Bays; length frequency 300 
Miles (1951) 

Aransas Bay; otoliths 380-423 
Simmons and Breuer (1962) 

Lower coast; tag recapture 322 
Wakefield and Colura (1983) 

Lower Laguna Madre; scales 290 
Matagorda Bay; scales 255 
Galveston Bay; scales 275 

South Carolina 
Theiling and Loyacano (1976) 

otolith sections** 429 

Mississippi 
Rohr (1980) 

otoliths 356 

Florida 
Present study 

Gulf coast; otolith sections 337 
Atlantic coast; otolith sections 373 

*A mixture of fish age seven and eight. 
**Average size for age gt·oup from June through November. 

Table 5 
Pooled mean estimates and 95% confidence intervals of total 
annual mortality (A) for red drum ages 2-4 on the Gulf coast 
and ages 2-6 on the Atlantic coast. 

Total annual mortality 

Gulf Atlantic 

Method A 95% CI A 95% CI 

Seber (1973) 0.92 0.91-0.94 0.65 0.59-0.70 
Robson and 

Chapman (1961) 0.91 0.90-0.93 0.66 0.63-0.70 
Catch curve 0.94 0.87-0.98 0.65 0.50-0.76 

and Goodyear (1985) used tag-recapture days-at-large 
data to estimate a total annual mortality rate of 0.73 
during 1984-85. Also based on tag-recapture data, total 
annual mortality rates in Texas bays were about 68% 
during 1976-77 (Matlock and Weaver 1979) and 
80-87% during 1975-1979 (Green et al. 1985). Matlock 
(1984) estimated the total annual mortality rate to be 
80% for all Texas bays during 1977-1981. 

2 

530 

575 

519 

447 
399 
439 

560 

522 

557 
581 

Age (yr) 

3 4 5 6 7 8 9 10 

630 750 840 

630-684 826 871* 917-940 

693 

542 
526 605 660 
547 619 

695 782 803 842 803 

638 717 772 810 839 853 867 875 

696 784 839 874 896 910 919 925 
718 808 867 905 931 948 959 966 

Apparent total annual mortality rates in Florida for 
red drum ages 2-6 are high, especially for a species 
that may live about 25-35 years. Theoretically, fish 
with such longevity (assuming constant mortality rate) 
would have a natural mortality rate of only about 
12-18%; this rate allows for survival to the observed 
maximum ages (Royce 1972, Hoenig 1983). Our much 
greater estimates of total annual mortality for fish ages 
2-6 may reflect one or more of the following: (1) a 
higher rate of natural mortality for younger fish (i.e., 
natural mortality is not constant), (2) high fishing
mortality rates within estuaries, and/or (3) emigration 
from estuaries (sampling area) before age 4 on the Gulf 
coast or age 6 on the Atlantic coast. In the first two 
cases, estimates of total mortality are unbiased, al
though component parts (fishing and natural mortal
ity) are not the same. In the third case, total annual 
mortality would be overestimated because older fish 
that left the sampling area would be underrepresented 
in the catch. 

While data for evaluating whether natural mortal
ity changes with age are not available, tag-recapture 
data suggest that fishing mortality is high and that 
emigration does occur. Annual tag-return rates of 
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Table 6 
Weight-length regressions of red drum sampled from the Gulf 
and Atlantic coasts of Florida. W = weight (g); FL = fork 
length (mm). 

FL a b 
Area N (mm) (1 SE) (1 SE) r2 

Gulf 491 242-1000 6.1673 X 10-6 3.0984 0.993 
(0.4301 X 10-6) (0.0114) 

Atlantic 484 257-1110 9.3993 X 10-& 3.0275 0.993 
(0.6616 X 10-6) (0.01 15) 

70-80% occurred in southwest Florida during the 
1961-65 Schlitz Tagging Programs, and the average 
tag-return rate throughout the state was 46% (Beau
manage 1969). More recent annual tag-return rates in 
Florida were 11-25% (Murphy and Taylor 1985) and 
12o/o (Rago and Goodyear 1985), but if these are ad
justed to account for a probable low tag-reporting rate, 
e.g., 36o/o in Texas (Green et al. 1983), then actual an
nual recapture rates in Florida could still be high: 
31-69%. Limited data on the emigration of red drum 
suggest a little exchange from estuarine to nearshore 
waters. Subadult red drum tagging studies within Tam
pa Bay have shown that about 2-6% of recaptured red 
drum came from outside the Bay (Murphy and Taylor 
1985); similar results (1.4%) were reported for the 
Texas coast (Osburn et al. 1982). Fishing effort and 
"catchability" of red drum are probably lower in near
shore waters than within the estuary, which could 
cause the rates of emigration to be underestimated. 

Weight-length and length-length relations 

Weight-length regressions (Table 6) were not signifi
cantly different (p >0.05) between sexes on each coast, 

Atlantic 
slope df= 1, 480 F = 0.21 
elevation df= 1, 481 F= 0.34 

Gulf 
slope df= 1, 487 F = 1.60 
elevation df= 1, 488 F = 1.32, 

although the slopes and elevations were different be
tween coasts with sexes combined, 

slope 
elevation 

df= 1, 971 
df= 1, 972 

F = 18.96 
F = 27.5. 

Predicted weights for subadult red drum were similar; 
e.g., the predicted weight of a 500-mm fish is about 1.4 
kg on both coasts. However, adult red drum on the Gulf 
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Table 7 
Length-length regressions of red drum in Florida. TL = total 
length (mm); FL = fork length (mm); SL = standard length 
(mm). Sample fork length range for all regressions was 
225-1110 mm. 

Y=a+bX 

a b 
y X N (I SE) (1 SE) r2 

FL TL 1074 23.9383 0.9162 0.999 
(0.6704) (0.0011) 

TL FL 1074 -25.2080 1.0898 0.999 
(0.7600) (0.0013) 

TL SL 1075 10.3832 1.1829 0.998 
(0.8970) (0.0017) 

SL TL 1075 - 7.6225 0.8343 0.998 
(0.7689) (0.0012) 

FL SL 1075 32.8951 1.0850 0.998 
(0.6934) (0.0013) 

SL FL 1075 -29.4619 0.9202 0.998 
(0.6738) (0.0011) 

coast were heavier at a given length than they were 
on the Atlantic coast; e.g., a 900-mm fish weighs 8.8 
kg on the Gulf coast and 8.3 kg on the Atlantic coast. 

Length-length regressions show that total length and 
standard length increase more rapidly than fork length 
as fish get larger (Table 7). Total length is about 1 o/o 
greater at 300 mm FL and 6o/o greater at 1000 mm FL. 
Standard length is 18o/o less than fork length at 300 
mm FL but only 12o/o less at 1000 mm FL. 

Summary 

The following are significant features of the life history 
of red drum in Florida: rapid growth through age 4 or 
5, relatively early sexual maturation (total maturity by 
age 3-6), a discrete peak in spawning activity during 
September-October, a life span of up to about 35 years, 
and spawning grounds located in nearshore waters, in 
passes and inlets, and inside large estuaries. These 
characteristics and the apparently high rate of annual 
mortality for red drum ages 2-6 suggest that only a 
small portion of the population survives to reach 
maturity. However, this annual rate of mortality ( disap
pearance) has a component of emigration that warrants 
investigation. Recent management measures enacted 
by the Gulf of Mexico Fishery Management Council and 
the Florida Marine Fisheries Commission have limited 
fishing on the spawning stocks and have reduced fish
ing pressure on the immature fish. 
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