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The spotted seatrout (Cynoscion nebu-
losus) is one of the most sought after 
recreational fi sh in Florida Bay, and it 
spends its entire life history within the 
bay (Rutherford et al.,1989b). The biol-
ogy of adult spotted seatrout in Florida 
Bay is well known (Rutherford et al., 
1982, 1989b) as is the distribution and 
abundance of juveniles within the bay. 
The habitats and diets of juveniles are 
well documented (Hettler, 1989; Ches-
ter and Thayer, 1990; Thayer et al., 
1999; Florida Department of Environ-
mental Protection1). Nevertheless, the 
spatial and temporal spawning habits 
of spotted seatrout and the distribu-
tion of larvae have only been partially 
described (Powell et al., 1989; Ruther-
ford et al., 1989a). 

An excellent description of the eco-
logical history of Florida Bay is given 
by Fourqurean and Robblee (1999). 
Briefl y, Florida Bay is subtropical and 
is generally oligotrophic. The bay is a 
network of shallow basins, mud banks, 
and mangrove islands (keys). Tides are 
infl uenced by the Gulf of Mexico and 
Atlantic Ocean, but mud banks, which 
are connected to basins by channels, 
restrict circulation in the bay and at-
tenuate tidal energy very quickly. As a 
result there is essentially no lunar tide 
over most of the central and northeast-
ern portion of the bay. 

This impediment to circulation could 
have a negative effect on the recruit-
ment of early-stage planktonic larvae 
into these portions of the bay.Within the 
next few decades, plans to restore the 
Everglades include increasing freshwa-
ter fl ows to Florida Bay. Prerestoration 
information on larval distribution and 

spawning patterns of spotted seatrout 
is a high priority because increased 
freshwater flows can have potential 
positive and negative impacts. At low 
salinities, the planktonic eggs of spot-
ted seatrout could sink to the bottom 
and would not be viable (Holt and Holt, 
2002; Alshuth and Gilmore2). On the 
other hand, increased freshwater fl ows 
can alleviate hypersaline conditions 
that could result in an expansion of 
the distribution of the early life stages 
of spotted seatrout (Thayer et al., 1999; 
Florida Department of Environmental 
Protection1). The objective of the pres-
ent study is to document the distribu-
tion and abundance of spotted seatrout 
larvae to determine their early life his-
tory habitats and spawning habits in 
Florida Bay.

Methods and materials

To describe the distribution and 
abundance of spotted seatrout larvae 
in Florida Bay, I devised a series of 
ichthyoplankton surveys between 
1994 and 1999. The initial survey was 
conducted during nine nonconsecutive 
months between September 1994 and 
August 1995. A total of 14 fi xed sta-
tions were selected in basins of Florida 
Bay (Fig. 1). In accordance with rec-
ommendations by the South Florida 
Ecosystem Restoration Prediction and 
Modeling (SFERPM), Program Man-
agement Committee (PMC), Florida 
Bay was divided into six zones for ease 
of reporting results (Table 1, Fig. 1). 
These zones are based on the benthic 
molluscan and benthic plant commu-

nities (Fourqurean and Robblee, 1999). 
Paired bongo nets, 60 cm wide, were 
fi tted with 0.333-mm mesh and fi shed 
from the port side of a 5.4-m boat. Nets 
were towed during daylight, approxi-
mately 1 m below the surface for 5 
minutes and volume estimates were 
obtained from fl owmeter readings. 

In 1996, sampling was conducted 
monthly from April through Septem-
ber at stations where recently hatched 
spotted seatrout occurred during 
1994–95 (stations 5, 6, 9–13). In 1996, I 
used a paired 60-cm bow-mounted push 
nets with 0.333-mm mesh similar to 
that described by Hettler and Chester 
(1990). Nets were fi shed approximately 
1 m below the surface for 3 minutes. 
The volume of water sampled with the 
push net was slightly greater than that 
sampled with the bongo nets (60 m3 vs. 
50 m3). To test the effi ciency of the two 
gears, both were fi shed simultaneously 
at 23 stations during 1996. A Kruskal-
Wallis nonparametric test was used to 
evaluate differences (Sokal and Rohlf, 
1981). No signifi cant differences in den-
sities of fi sh larvae were found between 
gear types (P=0.50).

During and after September 1997 
sampling for spotted seatrout was 
limited to four stations in four zones 
(Table 1; stations 6, 15, 16, 17) where 
paired bow-mounted push nets were 
employed. Sampling occurred during 
July and September 1997; March, May, 
June, July, and September 1998; and 
May, July, and November 1999. 
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Table 1
Florida Bay sampling stations including zone locations as defi ned by the South Florida Ecosystem Restoration Prediction and 
Modeling Program, Program Management Committee. Stations 1–14 were sampled in 1994–95; stations 5 ,6, 9–13 in 1996; and 
stations 6, 15–17 in 1997−99. 

Latitude Longitude
Station (degrees and minutes) (degrees and minutes) Florida Bay zones Location

 1 24 59.42 80 34.06 Atlantic transition Cowpens Cut
 2 25 04.42 80 31.24 eastern Butternut Key
 3 25 10.54 80 29.12 eastern Duck Key
 4 25 009.24 80 37.12 eastern between Eagle Key and Madeira Point
 5 25 08.30 80 43.19 central Big Key
 6 25 04.57 80 46.32 central Whipray Basin
 7 25 03.54 80 40.12 central between Calussa and Russel Keys
 8 24 52.46 80 47.31 Atlantic transition between Old Dan and Peterson Key banks
 9 24 55.60 80 55.40 Gulf transition Sprigger Bank
10 24 58.48 80 59.48 Gulf transition between Oxfoot and Sprigger Banks 
11 25 06.49 81 05.16 Gulf transition Cape Sable
12 25 07.22 80 55.62 Gulf transition Dave Foy Bank
13 24 59.98 80 55.46 western between Blue and Ninemile Banks
14 24 59.06 80 46.54 central between Rabbit and Gopher Keys
15 25 10.80 80 37.80 northern Little Madeira Bay entrance
16 25 06.00 80 52.50 western Palm Key Basin
17 25 07.67 80 57.32 Gulf transition Bradley Key
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Figure 1
Location of stations in Florida Bay sampled in 1994−99. See Table 1 for station latitudes and longitudes.
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At stations where replicate tows were taken, densities 
were averaged. Ichthyoplankton samples were preserved 
in 95% ethanol. Temperature was measured at all stations 
with a hand-held thermometer and salinity was measured 
with a refractometer. Size at age of larvae was estimated 
from the equation Ln standard length = –1.31 + 1.2162 
(Ln age in days) (Powell et al.3).

Because of the high coefficient of variation associ-
ated with ichthyoplankton samples (Cyr et al., 1992), my 
sampling design was probably inadequate for multiway 
statistical comparisons. Therefore, I used nonparametric 
Kruskal-Wallis tests with α = 0.10 (Sokal and Rohlf, 1981) α = 0.10 (Sokal and Rohlf, 1981) α
and relied on patterns and trends to infer differences in 
densities of spotted seatrout between stations and time 
periods. In the period 1994−95 we tested densities among 
nine months and 14 stations to determine trends in spatial 
and temporal spawning habits. We also tested differences 
between the period 1994–95 and the period 1996 to de-
termine interannual spatial and temporal differences or 
similarities. Only those months (April through August) 
that were sampled during the two periods were included. 
During the period from 1997 through 1999 it was only 
appropriate to determine spatial differences because we 
sampled irregularly during this period. 

A general description of the diverse habitats in relation 
to stations in the present study is described by Holmquist 
et al. (1989, decapod and stomatopod communities); Thayer 
and Chester (1989, fi sh distribution, seagrass distribution 
and abundance, sediment depth, and organic content); Zie-
man et al. (1989, macrophyte distribution); and Fourqurean 
and Robblee (1999, general description of the Florida Bay 
ecosystem).

Results

In 1994–95, salinities were lowest and most variable at sta-
tions 1–5 and 7 in the eastern part of Florida Bay (Figs. 1 
and 2). Hyperhaline conditions were never observed during 
this period. Salinities in 1996, which were recorded monthly 
from April through September at stations where recently 
hatched spotted seatrout were collected in 1994−95, were 
generally euhaline and, as in 1994–95, hyperhaline con-
ditions were never observed. From July 1997 through 
November 1999 at four trout monitoring stations, mean 
salinities were similar at stations 6, 16, and 17 but were 
most variable at station 6. Station 15 had the lowest mean 
salinity and the greatest variation. At this station salini-
ties ranged from 10.0 (March 1998) to 33.0 psu (May 1999). 
Highest salinities for all four stations were observed in 
May 1999. Hyperhaline conditions were observed only at 
station 6 in June 1998 and May 1999 and at station 16 in 
May 1999 (Fig. 2). 

In general, spawning in Florida Bay occurred between 
March and October and peaked in June, August, and Sep-

3 Powell, A. B., R. Cheshire, E. H. Laban, J. Colvocoresses, P. 
O’Donnell. and M. Davidian. In review. Growth, mortality and 
hatchdate distributions of larval and juvenile spotted seatrout, 
Cynoscion nebulosus, in Florida Bay, 26 p. 

tember (Table 2). Densities of spotted seatrout were signifi -
cantly different among months in 1994–95 (P<0.01) and 
1996 (P=0.01). Spotted seatrout larvae were absent during 
December, February, and April in 1994–96 (Table 2), and 
in November 1997–99 (Table 3). Most spawning, based on 
larval collections, occurred between 26° and 34°C (Fig. 3). 
The coldest temperature at which larval spotted seatrout 
were collected was 20°C in March 1998 at station 6. Spotted 
seatrout larvae were collected mainly at salinities between 
25 and 40 psu (Fig. 3), although larvae were collected in 
salinities as low as 12 psu at station 15.
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Figure 2
Mean salinities  SD for (A) 14 stations sampled 
from September 1994 through August 1995, 
(B) 7 stations sampled monthly from April 
through September 1996, and (C) 4 stations 
sampled from July 1997 through November 
1999. For months that samples were taken, 
refer to Tables 2 and 3. 
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Spatially, there were signifi cant differences in densities 
of spotted seatrout among 14 stations from 1994 through 
1995 (P=0.01), and densities were highly variable (Table 
2). In addition, a considerable number of zero catches oc-
curred at stations where spotted seatrout were collected 
at least one time. This high variability indicated that the 
sampling design was inadequate to properly evaluate the 
spatial and temporal abundance of spotted seatrout larvae. 
However, some patterns could be discerned. Generally, lar-
val spotted seatrout were absent or rarely collected in the 
eastern (stations 2, 3, and 4), Atlantic transition (stations 
1 and 14), northern transition (station 15) zones and in a 
portion of the central zone (station 15) (Tables 2 and 3). 
They were consistently collected at station 6 in the central 
zone (Tables 2 and 3). 

There were no signifi cant differences (P=0.14) in densi-
ties of spotted seatrout among stations in 1996; stations 
where trout occurred on more than one occasion in 1994–95 
(Table 2). As in 1994−95, high mean densities of spotted 
seatrout occurred at station 6 (Table 2). 

Significant differences in spotted seatrout densities 
at certain stations were observed between the periods 
1994–95 and 1996. Differences were observed at stations 
9 (P=0.02), station 10 (P=0.02), and station 13 (P=0.02). At 
these three stations in 1996 spotted seatrout were collected 
only in one month (August). They were never collected at 
station 5 in 1996 (Table 2). 

Size of larvae was indicative of spawning locations. 
Recently hatched spotted seatrout larvae (1.0–1.9 mm no-
tochord length; ≤5 d old) were collected mainly in central 
(stations 5 and 6), Gulf transition (stations 9, 10, 11, 12, 17) 
and western (stations 13 and 16) zones. Recently hatched 
larvae were rare at station 4 (eastern zone), station 14 
(central zone) and station 15 (northern transition zone). 
They were absent at station 8 (Atlantic transition zone) 
(Figs. 4 and 5). 

Discussion

Evidence from previous studies (Powell et al., 1989; Ruth-
erford et al., 1989a) and the present study establishes the 
spatial and temporal spawning habits of spotted seatrout 
in Florida Bay. Length-frequency distributions of spotted 
seatrout larvae collected in 1984–85 (Powell et al., 1989) 
and data from the present study indicate that spotted seat-
rout spawn mainly in the Gulf transition, central, and west-
ern zones of Florida Bay and that there is limited spawning 
in the northern transition and eastern zones (Figs. 4 and 
5). Spawning also occurs in the far northeastern portion of 
Florida Bay in Little Blackwater and Blackwater Sounds 
(Rutherford et al., 1989a). However, there is no evidence for 
spawning in the Atlantic transition zone. The distribution 
of planktonic larvae is not necessarily a good indicator of 
postsettlement habitat requirements because abiotic fac-
tors related to transport could infl uence their distribu-
tion. However, in Florida Bay larvae are not distributed 
homogeneously throughout the bay, and mudbanks impede 
circulation (Fourqurean and Robblee, 1999). The adults are 
generally nonmigratory and inhabit shallow seagrass-rich 
environments (Chester and Thayer, 1990). Hence, the dis-



708 Fishery Bulletin 101(3)

Table 3
Densities (numbers/100 m3) of spotted seatrout collected at monitoring stations with a bow-mounted push net with 0.333-mm 
mesh. 

1997 1998 1999

Station Jul Sep Mar May Jun Jul Sep May Jul Nov Mean ± SD

6 0 6.2 1.2 40.2 57.0 16.0 93.1 56.8 1.1 0 30.2 ±33.2
15 3.2 20.1 0 0 0 0 0 0 0 0 2.6  ±6.7
16 7.1 1.1 1.0 1.2 75.6 0 5.2 0 0 0 9.1 ±23.5
17 6.6 1.0 30.8 0 0 0 0 0 6.9 0 5.0 ±10.1
Mean ±SD 4.2 ±3.3 7.1 ±9.0 8.2 ±15.0 10.3 ±10.4 33.1 ±39.0 4.0 ±8.0 24.6 ±45.7 14.2 ±28.4 2.0 ±3.3 0

tribution of larvae presented in the present study is most 
likely a good indication of adult spawning areas. 

As indicated by the larval collections in this study, 
spotted seatrout have a protracted spawning period from 
March through October, which is similar to that observed 
in Tampa Bay, Florida (McMichael and Peters, 1989). To the 
contrary, Stewart (1961) reported that spotted seatrout in 
Florida Bay spawn throughout the year, and Rutherford 
et al. (1989a) indicated that some spawning occurred as 

early as February and continued into December. Powell et 
al.,3 studying hatchdate distributions of juveniles, reported 
peak spawning in early May, late June, and late August. 

Seagrass meadows appear to be critical habitats for ju-
venile spotted seatrout (Chester and Thayer, 1990; Tolan et 
al., 1997; Rooker et al., 1998; Thayer et al., 1999). Rooker 
et al. (1998) reported that juvenile spotted seatrout in a 
Texas estuary prefer H. wrightii over T. testudinum. In 
another Texas estuary, Tolan et al. (1997) reported that 
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juvenile spotted seatrout prefer H. wrightii over Syringo-
dium fi liforme. In Florida Bay juveniles are collected at 
highest densities in western Florida Bay basins near the 
Gulf of Mexico in habitats with deeper and more organic 
sediments and with greater density and biomass of S. fi li-
forme. In areas where spotted seatrout juveniles are rare 
or absent, which generally refl ects the distribution of their 
larvae, organic matter and sediment depth are minimal, 
water depth is generally deeper, and seagrass standing 
crop, short shoot densities, and diversity are lower (Thayer 
and Chester, 1989; Chester and Thayer. 1990).

Spotted seatrout larvae were collected consistently at 
relatively high densities in Whipray Basin (station 6; 
central zone) and length-frequency distributions indicate 
spawning most probably occurs in this area. The major-
ity of larvae collected in this area were 2.0–2.4 mm SL (5 
to 6 d old), and it is possible that larvae could have been 
transported into this area from western Florida Bay. Nev-
ertheless, Whipray Basin is a nursery area for juvenile 
spotted seatrout (Florida Department of Environmental 
Protection1). However, Whipray Basin has a relatively 
sparse standing crop of the seagrass Thalassia testudinum
(12 g/m2) compared to Palm Key (station 16; western 
zone) which has a higher standing crop of T. testudinum 
(28 g/m2) and Halodule wrightii (14 g/m2), and has been 
demonstrated to be an important nursery area for spotted 
seatrout juveniles (Florida Department of Environmental 
Protection1). 

Spotted seatrout eggs have been collected in other 
waters ranging from 15 to 50 psu (Holt and Holt, 2002). 
Presumably, larval spotted seatrout eggs sink to the bot-
tom at salinities <15 psu and are not viable (Alshuth and 
Gilmore2). Therefore, it is surprising that recently hatched 
(<5-d old) larval spotted seatrout were collected, although 
infrequently, at Little Madeira Bay (station 15; northern 
transition zone) and only at 12 psu. Whether these low sa-
linities, which occurred in July and September 1997, were 
a result of drastic changes in salinities caused by weather 
events that occurred after hatching is unknown. Still, it is 
highly unlikely that a signifi cant number of viable eggs can 
be produced at those low salinities. 

The qualitative description of spotted seatrout spawn-
ing habits provides necessary baseline data in relation 
to restoration activities, specifi cally freshwater infl ow. 
Restoration activities could have both a negative and posi-
tive effect because salinity can have signifi cant effects on 
spotted seatrout reproduction and early life history stage 
processes (Holt and Holt, 2002). For example, low salinities 
(as discussed above) could be detrimental to egg viability; 
whereas, alleviating hypersaline areas could expand the 
spawning area, particularly in the central zone where hy-
persalinity conditions are persistent (Orlando et al., 1997; 
Thayer et al., 1999). At high and low salinities, growth and 
development rates of larval spotted seatrout have been 
reported to be reduced because these processes are con-
strained by undeveloped osmoregulatory functions (Holt 
and Banks, 1989). On the other hand, there is evidence that 
spotted seatrout populations have adapted to reproduce in 
extreme-salinity environments where spawning salinities 
infl uence egg buoyancy and the salinity tolerance of early 
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Figure 4
Length-frequency distributions of spotted seatrout by 
station from 1994−95 collections depicting the spatial 
spawning habitat. Larvae <2.0 mm were used as criteria to 
indicate spawning sites. Diagonal lines indicate spawning 
area. See Table 1 for station locations.
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Figure 5
Length-frequency distributions of spotted seatrout from four stations where a bow-
mounted push net was used to sample fi sh from July 1997 through November 1999. 
See Table 1 for station locations.
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larval stages. This adaptation would allow spotted seatrout 
to spawn over a wide range of salinities. 

Future monitoring of spotted seatrout larval abundances 
to evaluate restoration activities would probably require 
numerous samples per station because of the high degree 
of variability as shown by the present study. Therefore, it 
would seem prudent to continue monitoring spatial spawn-
ing habits from larval collections, but to develop a juvenile 
abundance index to monitor the success of restoration in 
the Everglades, as well. 
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