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Abstract

Salinity and temperature tolerance limits for the estuarine spawmng spotted
seatrout, Cynoscion nebulosus, from the Indian River Lagoon, east Florida,
were evaluated by examining egg hatching rates, 24-hour and 2-week larval
survival. Laboratory-reared larvae from eggs collected at known spawning sites
during 1992 and 1993, spawned at salinities rangmg from 24 to 27.5 ppt, were
used for our experiments. Eggs were exposed to various temperatures (20°, 25°
and 30°C) and salinities (0-50 ppt), covering 33 combinations. At 0-15 ppt eggs
sank to the bottom, above 20 ppt eggs floated to the surface at all temperatures.
Temperature-salinity influence on hatching success and larval survival showed
poor hatching rates at salinities <10 ppt over all temperatures. Best conditions
for hatching and 24-hour larval survival were 25 ppt and 30°C. Survival to 24 h
was influenced by both temperature and salinity. Poorest survival was at 20°C
and 5 ppt. Temperature was associated with significant differences in 2-week
larval survival. The lowest temperature (20°C) resulted in reduced survival
rates. Over all conditions highest survival was at 25 ppt and 30 ppt.

Temperature and salinity effect on larval growth rates was significant;
growth at 20°C was much slower than at 25° or 30°C and varies inversely with
salinity. At 30°C high cannibalism occurred during postﬂexmn, resulting in
increased growth rates.
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INTRODUCTION |

Temperature and sahmty are 1mportant phys1ca1 factors controllmg the
distribution of teleosts (Holhday 1969). Tolerance of a broad : range of sahmtles is
1mportant for estuarine spawners such as spotted seatrout (Cynosclon
nebulosus), wh1ch are llkely to expenence large sahmty fluctuations. Spotted
seatrout are distributed throughout the Indian River Lagoon of Florida! They
are abundant in the estuarine environment which they use for feeding,
spawnmg and as nursery ground. These fishes seldom move great distances
and remam within their natal estuary (Moffett 1961; Iversen and Tabb 1962).
Planktonic larvae settle to the bottom from the plankton, and growth thereafter
occurs in shallow water over seagrass beds (é. g. Pearson 1929; Sprmger and
Woodbiirn 1960; Tabb 1961; Gilmore 1977; Brown 1981; Rutherford et al. 1989
Chester and Thayer 1990). :

Spotted seatrout spawn from early sprmg to late fall (Mok and Gilmore 1983).
In the Gulf of Mex1co, most spawning occurs from early Apnl until late October
with two seasonal spawning peaks in sprmg and summer (Mchchael and
Peters 1989) whereas in southwest Flonda earher spawnmg 1n mld-March has
spawmng occurs throughout the year in Everglades National Park. The
seasonal variation in spawmng is caused by several as yet undeﬁned biotic and
ablotlc factors which may also mﬂuence egg hatching, larval survival and
growth and consequently Juvemle recrultment the survivors of the larval
period.

Spotted seatrout are euryhahne and occur in water salinities rangmg from
as low as 0.2 ppt to as h1gh as 75 ppt (Herald and Strickland 1949 Simmons
1957) with highest abundances usually occurrmg at intermediate salinities (5-
20 ppt, Gunter 1945; 15-35 ppt; Tabb 1966). Spawmng sahmtles, however, are
probably less variable than sahmtles tolerated by non-spawning adults. Spotted
seatrout Spawn in 1ntermed1ate to hlgh sahmty waters within the estuary, but
not in bracklsh waters (Powell et al. 1989; Gilmore 1992).

Variations in environmental factors such as temperature and sahmty could
affect egg 1ncubat10n and larval survival, and ultimately recruitment and year-
class strength For most larval fish, basic biology, 1nclud1ng the effécts of
environmental factors on survival and growth, is poorly understood and little is
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known about the upper and lower limits of temperature and salinity and their
effects on survival of eggs and early larval stages, or on early development and

: growth Few studies on spotted seatrout, however, have demonstrated optlmal

sahmty condxtlons for egg and yolk sac larval surv1val to be 28 1 ppt at 28°C
age-hnked pattern, decreasmg to a minimum tolerance range (6.4 to 42.5 ppt) at
age 3 days after hatchlng at 28°C (Banks et al. 1991).

The present study on temperature and sahmty effects on spotted seatrout
environmental tolerances and habitat needs of recruits in thelr natural
environment. The 1mpact of temperature and sahmty changes in estuarine
systems upon fish populatlons recruitment is complex In order to quantxfy
some of the parameters involved in response to such environmental fluxes, thls
lnvestlgatlon had the folloWing obJectlves (1) to determine egg and larval
mortahty levels under various controlled sahmty and temperature reglmes, and
(2) to "determine temperature and sahmty effects on larval growth The ranges
of temperature (20° - 30°C) and salinity (0 - 50 ppt) selected for our expenments
are representatlve of conditions occurring in coastal waters during the

spawning penod

MATERIAL AND METHODS

: Spdtted seatrout eggs were collected during the spawning seasons 1992 and
1993 with a 1 meter diameter ring plankton net (335 um) from surface waters at
two of the most productlve spawmng S1tes in the Indian River Lagoon,
Intracoastal Waterway Marker # 80 in Wabasso and # 168 in Vero Beach (see
Flg 1).

Hydrophones were used to record vocalization of adult male spotted seatrout
and to isolate estuarine spawmng sites which then allowed characterization of
estuarine spawnlng areas. Adult males produce distinctive vocallzatlon,
startlng at sunset and lastmg two to three hours, which are known to be

Physmal oceanographlc parameters at the prmclpal spawmng site were

monitored contlnuously with a submerged hydrolab unit and current meters. -
Furthermore, oceanographxc parameters such as surface temperature, sahmty
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and dissolved ¢ oxygen were studied at each hydroacoustlc and planktomc statlon
with portable field gear l
Laboratory-reared larvae from spotted seatrout eggs spawned at salinities
ranging from 24 ppt to 27.5 ppt and temperatures from 27° to 29°C were ulsed for
our experlments On arrival in the laboratory, the lxvmg 1chthyoplankton
samples were 1mmed1ately sorted under the microscope and the fertllxzed
planktomc eggs transferred by plpette to the expenmental tanks. Eggs were
incubated at three different temperatures (20° 25° and 30°C) in 20 liter tanks (45
cm dlameter, 20 cm helght), each contalmng 100 to 150 ¢ eggs, filled with filtered
seawater of different salinities (0 ppt; 5 ppt, 10 ppt, 15 ppt, 20 ppt, 25 ppt, 30 ppt,
35 ppt, 40 ppt 45 ppt and 50 ppt). - Test salinities were made with filtered
seawater, diluted with dlstllled water for hyposahmty conditions. Hypersallne
seawater was prepared by incubating tanks for 48 hours at 30°C;' thus

.evaporation resulted in concentration to.approx1mate1y 55%.. Treatment water

for tolerance tosts’ sahmty was adjusted by mixing the filtered seawater,
hypersahne water and destilled water. Our experlmental set—up covered 33
differént temperature-sahmty condltlons, studied in duphcates and triplicates.

Larvae were raised up to the second week in a separate holdlng chamber (22
cm diameter; 10 cm .helght) inside the 20 1 tanks. The holdlng chambers were
made from 300 pm Nitex net glued to a PVC pipe cylinder; the Nitéx net
formlng the bottom and the p1pe the sides of the container. Aeration was
prov1ded outside the holdxng chamber to avoid producmg turbulence and bubbles
within the chamber but allowmg for oxygen d1ffus1on into the chamber. Durmg
the first week, the water was not changed except for the addition of small
amounts of water with the food organisms. Dumng the subsequent weeks, about
50% of the water was changed once a week. Addltmnally, temperatures were
checked dally and maintained within 0.5°-1°C. Salinity was measured da11y
using a refractometer and adJusted by addmg distilled water to the
experxmental tanks At 30°C; salinities were adJusted tw1ce a day
Illumination from fluorescent room lamps with a photoperlod reglme of 12
hours hght and 12 hours darkness was used. - i

First feedmg larvae were fed with cultured algae and cultured rotifers
(Brachlonus pllcatllzs) After five to seven days larvae fed on brine shnmp
Artemia salina.

Larval survival at all temperature-sallmty conditions was estimated da:ly
Percentage hatch percentage survival of the larvae to 24 hours and two week
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survival was calculated to determine the influence of temperature and sahmty
Larvae were sampled every day for growth measurements during the first
Week later at 1rregular 1ntervals, at the followmg temperature- sahmty
conditions: 20°C with 10 ppt, 20 ppt, 30 ppt, 25°C with 10 ppt 20 ppt; 25 ppt, 30
ppt, and 30°C with 10 ppt; 20 ppt and 30 ppt On each samphng day total lengths
of seven to twelve live larvae were measured.

RESULTS

L Inﬂuence of Salmlty and Temperature on Egg/Larval Development under
Laboratory Conditions

A. Fertilized ¢ eggs - 20-20 hrs. aﬂer ferttlzzatmn. Spotted seatrout eggs enter the
water column two to three hours after sunset and spawnmg act1v1ty was
observed to 2400 hr at temperatures of 25°C to 33°C and salinities of 18 ppt to 33
ppt.

Salznzty influence: -At salinities 0-15 ppt eggs sank to the bottom, above 20 ppt
eggs floated to the surface at all temperatures. .
Temperature znﬂuence - Water temperature affected hatchlng time of seatrout
eggs: At 25°C hatchmg occurred 18 hours after fertilization, whereas at 30°C
hatchmg took place 13 hours after fertilization.

B. Hatchmg yolk sac larvae - 13 - 24 hrs. after fertllzzatwn. Spotted seatrout yolk
sac larvae hatch at a mean length of 1.65 mm TL with unpigmented eyes and a
clear pr1mord1a1 marglnal fin.

Salzmty znﬂuence on survival: The best condltlons for hatchmg were sa11n1t1es
ranging from 25 ppt to 30 ppt whlch resulted in 100% hatchmg (Flg 2). ngher
salinities above 45 ppt resulted in relatlvely hlgh mean hatching rates of 85-93%
hatching, whereas lower salinities below 10 ppt showed poor mean hatchmg
success with 50 to 88.3% (Tab.1). No hatchmg was observed at sahmty 0 ppt; all
eggs died (Tab. 1; F1g 2).

Temperature znﬂuence on survival: Hatchmg success was affected by
temperature with a lower mean hatchmg rate of 78.6% at 20°C, whereas at 30°C
mean hatching success was 85.6% over all salm1ty conditions (Tab.1).
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Temperature-salmlty combination - general impacts: H1gher salinities above 45
ppt resulted in relatlvely hlgh mean hatchmg rates at 25° and 30°C thh 90 to
97%, whereas at 20°C, eggs seemed to be more sensitive to extreme sallmty
conditions: high hatchmg rates were only observed at salinitiés ranging from 10
ppt to 35 ppt; above 45 ppt mean hatchlng success was only 70%, below .10 ppt
only 50% hatching was observed (Tab 1). Temperature sahmty 1nﬂuence on
hatchmg success and larval survival showed poor hatching rates at salinities
<10 ppt over all temperatures and poor hatchmg rates associated with lower
temperatures (20° to 25°C), (Fig.2).

C. Post-hatch yolk sac larvae - 1-5 days after hatchmg The yolk sac stage was
completed at a total length of 2.6 mm.

Salinity mﬂuence on survival: Sahmty influence on 24-hour larval surv1va1
resulted in hxghest survival with 100% at.25 ppt (Tab.1). Salinities ranging from
15 to 35 ppt showed relatxvely hlgh mean survival above 90%.- Increased
mortallty was observed at salinities below 10 ppt with 86.6 to 48.3%. Above 40 ppt
mean larval survival decreased from 84.7 to 71.7% (Tab.1).

Temperature mﬂuence on survival: Temperature also affected 24-hotir larval
survival: At low temperature of 20°C only 73.4% mean surv1val was observed
whereas hlgher temperatures resulted in hlgher mean survival rates with 79%
at 30°C (Tab.1).

Temperature-salzmty combination - general impacts: 24- hour larval survival
was influenced 51gn1ﬁcantly by both temperature and sahmty Lower
temperatures (20° and 25°C) and low salinities (below 10 ppt) were associated
with poor survival of the yolk sac larvae resultmg in only 50% mean survival.
Poorest survival was at 20°C and 5 ppt with 48.8% mean survival. The best

conditions for 24-h larval survival were 25 ppt and 30°C with 1 up to 100% survival .
(Tab.1).

D. First-feeding pre-flexion larvae - 4 - 8 days after hatching: First feeding
occurs at 2.6 mm total length. This developmental stage is assoc1ated with
highest mortahty

Salmlty influence on survival: Sahmty influence on survival of ﬁrst—feedmg
larvae showed no significant differences (Flgs 3 a-c). Lower sahmty of 10 ppt
resulted in lowést survival rates of less than 5% at day five (Fxg 3), whereas at
higher salinities of 30 ppt larval survival was higher at day five with 75 to-90% -
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mean survival and high mortality took place later at eight to ten days after
hatching (Figs. 3a-c).

Temperature znﬂuence on survival: Temperature affected larval survival at
first feedmg At 20°C mean larval survival was low with less than 5% (Flg 3a).
At 25°C mean survival at ﬁrst—feedlng was hlgher with 28.3% (F1g 3b), whereas
at 30°C a mean sumval rate of 78.3% was observed (F1g 3c).

Temperature salznlty combination - general zmpacts Temperature-sahmty
influence on survival of ﬁrst—feedmg larvae showed poorest survival of first-
feedmg larvaé at low salinities (10 ppt) over all temperatures and hlgher
mortalities assoclated w1th lower temperatures. nghest mean mortalities of 1 up
to 93% occurred at five days after hatching at 20°C (Flgs 3a-c).

seatrout larvae was observed at 6.8 mm total length

Salmzty mﬂuence on survival: Sahmty influence on 2-week larval survival
resulted in hlghest mean survival rates of 14% at 25 ppt, followed by hlgh
survival of 5.6% at 30 ppt (Tab 1). At lower salinities (20 to 5 ppt) mean larval
survival decreased from 8 to 0%. At hlgher salinities above 35 ppt only 5.6 to
0.3% of spotted seatrout larvae survived. No survival was observed after 2 weeks
at 50 ppt (Tab. 1). . . .
Temperature influence on survival: Temperature was associated with
significant dlfferences in 2-week larval survival (Fig. 4) The lowest temperature
(20°C) resulted in lower mean survival rates of only 0.2% at 13 days after
hatchlng (Tab 1) with no larval survival after 2 weeks (Fig. 3a) nghest mean
survival rates were observed at 30°C with 8.3% and at 25°C with 4. 5% (Tab.1).

F Late larvae andJuvemles 22.25 days aﬂer hatchmg Metamorphos1s to the
Juvemle stage occurred in spotted seatrout larvae at 16. 3 mm total length

spotted seatrout survival at 25 days after hatchmg showed relatlvely high mean
survival rates at 25 and 30 ppt with 1 up to 9.5%. No major differences were
observed at lower salinities (20 - 10 ppt) with low mean surv1va1 of 0.2% (Flgs 3a:
c). No survival at metamorphos1s was observed at sahmtles above 35 ppt.

Temperature znﬂuence on survival: At 30°C hlghest survival rates were
observed at 20 ppt and 30 ppt which resulted in hxgh mortallty after 25 days
(F1g 3c). No larvae raised at 20°C survived over a 30- day period (Fig.3b). At 25°C
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hlghest survival rates with 20% were observed after metamorph031s at 30 ppt
(Fig. 3b), whereas less than 1% of the larvae survived at 10 and 20 ppt. f

Temperature-sallnlty comblnatzon general zmpacts At 25°C 30 ppt sal1n1ty
perlod Survival was relatwely low at 10 ppt and 20 ppt, with hlghest mean
survival rates of 0.5% at 10 ppt, however, low larval survival was observed at

these sahmty conditions.

SN wrm o

Condttwns

C. Post-hatch yolk sac larvae - 1:5 days aﬂer hatchmg

Salzmty znﬂuence on growth Sahmty influenice on growth during the yolk sac
stage was not observed (Flgs 5a-d) Larval lengths are very short at hatching
(1.65 mm TL) compared to one- day old larvae with 2.52 mm TL at a mean
growth raté of 0.875 mm day’1 correlated with high yolk absorptlon However,
growth decreases from day two to day-ﬁve old larvae from 0.051 to 0.007 mm
day-1 and is very slow until larvae start feeding at all salinities (Flgs 5a-d).
Temperature influence on- growth Temperature was respons1ble for the
duration of the yolk sac stage: At 25°C larvae absorbed their yolk within five
days after hatchmg, their ¢ eyes became plgmented and the mouth was developed
whereas at 30°C completlon of the yolk sac stage takes place after three days

D. Ftrst-feedmg pre-ﬂwaon larvae-4-8 days aﬂer hatchmg

Salinity influence on growth No salinity influence on larval growth rates at
first feeding was observed (Figs. 5a-d).

Temperature znﬂuence on growth First feedmg occurs within four days after
hatching at 30°C and 1 up to eight days after hatchmg at 20°C

E. Flexion larvae - 15 - 20 days after hatching:
Sallnzty znﬂuence on growth Sahmty mﬂuence on growth 1n ﬂexmn Iarvae was

associated with lower sa11n1t1es (Tab. 2 Fxgs 5a-d). At 25°C mean total lengths
of 5.85 mm were observed at 10 PpPt, whereas at 30 ppt larvae measured only 4.26

mm. Lengths measurements at 30°C and 10 ppt have shown mean larval
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lengths with 12.68 mm compared to shorter lengths at 30 ppt with only 5.98 mm
(Tab.2).

Temperature znﬂuence on growth Notochord flexion occurs at 18 days after
hatching at 25°C. At 30°C flexion stages were observed at 15 days after
hatching, whereas at 20°C flexion occurred after 20 days. At this stage hlgher
growth was correlated mgmﬁcantly with hlgher temperatures Highest growth
was observed at 30°C (Tab.2; : Figs. 5a-d).

Temperature salmzty combmatzon general impacts: Temperature and sahmty
were associated with s1gn1ﬁcant differences in survival of 2-week—old larvae.
Theé best conditions for 2-week larval survival were at 30°C and sahmty ranges
from 25 ppt to 30 ppt. Over all conditions hlghest mean survival was at 25 ppt
with 14% mean survival (Tab. 1).

F. Late larvae and_]uvemles 22.25 days after hatchmg

Salm.lty mﬂuence on growth Sahnlty effect on spotted seatrout growth at
metamorphosm was 51gn1ﬁcant growth varies mversely with sahmty and was
much slower at 30 ppt compared to 10 ppt (Flgs 5a-d).

Temperature znﬂuence on growth: Metamorphosw to the Juvemle stage»
occurred 25 days after hatchlng at 25°C, at 30°C after 22 days. Growth increased
rapldly from flexion to metamorphosw at 25°C reachmg an exponential growth
. at all temperatures (Flgs 5a-d). Although hxghest growth rates were shown
under these condltlons, hlgh mortahty was correlated with high cannibalism at
the end of the postﬂexmnal larval stage.

DISCUSSION

The mvestlgatlon of temperature and sahmty effects on spotted seatrout
larval survival demonstrated that both parameters were 1mportant for 2-week
larval survival but not very 1mportant for egg hatchmg and 24- hour larval
survival. Spotted seatrout larvae develop successfully to feedmg larvae at
salinities of 15 to 35 ppt. Temperature and sahmty effects on egg buoyancy
démonstrated that at 0-15%. eggs sank to the bottom, above 20%. eggs floated to
the surface at all temperatures. Temperature-sahmty influence on hatchmg
success and larval survxval showed poor hatchlng rates at sahmtles s 10 ppt

.....
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in the laboratory, we would expect hlgh mortahty of eggs developmg on the
bottom in natural populatlons |
24-hour larval survival was influenced by both temperature and sallmty

Lower temperatures (20° and 25°C) and low sahmtles (below 10 ppt) were
larval Surv1val were 25 ppt and 30°C. Tan1gush1 (1981) found that eggs could be
fertilized at sahmtles from 5 to 60 ppt, but embryos died after the 2- to 8-celled
stages of development at 5 ppt and > 50 ppt Hypersalmlty (540 ppt) and ¢ a
temperature of 20°C adversely affected a reduced hatchlng success of spotted
seatrout eggs (Gray et al. 1991) This study of Gray et al. 1991 contradicts our
results and prevmus findmgs of Gray and Colura (1988), who reported 0% hatch
at salinities above 45 ppt Sc1aen1d eggs can be affected by increased: salinity
levels (McCarty et al, 1986) Studies of temperature and salinity effects on-
spotted seatrout eggs have focused pnmanly on hatchlng success, surv1val and
growth potent1a1 (Tamgushl 1981 Gray and Colura 1988) Spotted seatrout eggs
exposed to temperatures rangmg from 20 to 32°C died at salinities between 35
and 45 ppt (Gray and Colura 1988) Tamgushl found that salinities above 50 ppt
adversely affected development of larval spotted seatrout. leferences in
hatchmg success may be due to different methodologies or to natural variation
in the local seatrout population.

In this study, spotted seatrout larvae demonstrated that temperature and
salinity were associated with mgmﬁcant differences in 2-week survival. No
larval survival was observed at the lowest temperature (20°C) and at 50 ppt,
whereas hlghest survival rates were at 30°C. Over all conditions hlghest
survival was at 25%o. Although relatwely few studies have been concerned with
salinity effects on larval spotted seatrout, Tanlguchl (1981) reported an optlmum
temperature of 28. 0°C and optlmum sahmty of 28.1 ppt and predlcted 100%
survival from 18.6 to 37.5 ppt. Banks et al.(1991) demonstrated the efficient
osmoregulatlon abilities of spotted seatrout larvae; and delimits their narrowest
tolerance range (6.4 to 42.5 ppt), occurring on day 3. :

Field data prov1de firm support for spotted seatrout tolerance limits.
Estuarine spawners such as spotted seatrout will be subJected to wide 1 ranges in
sallmty during a long spawnmg season, however, our studies indicate that
spotted seatrout spawned when temperatures range between 25 and 32°C. In
south Texas spotted seatrout spawning took place at lower temperatures
between 20 and 32°C (Brown-Peterson et al. 1988) and salinities are 30 ppt or
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hlgher (Rice et al. 1988). Arnold et al. (1976) reported spawning in the laboratory
at salinities between 26 and 30 ppt at 26°C. Tucker and Faulkner (1987)
documented conditions under which Indian River spotted seatrout will
voluntary spawn in capt1v1ty were toward the hlgh end of the range reported for
natural spawmng 27.7-82.5°C in 1985 and 28.1-31.9°C in 1986.

Previous field studies indicated collectlons of larval spotted seatrout within
the sallmty limits of 8:40 ppt (Rutherford et al. 1986). These values place
seatrout among the more euryhahne sciaenid larvae In comparlson, S1lver
perch (Bazrdtella chrysoura) have been collected at sahmtles varymg from 2 -
37.4 ppt (Johnson 1978). Red drum (Sclaenops ocellatus) have been collected
within salinities ranglng from 8-35 ppt (Rutherford et al. 1986) and develop
successfully to feedmg larvae at salinities of 10-40 ppt (Holt et al. 1981). In
contrast, the apparently more stenohaline atlantic croaker (Mzcropogonzas
undulatus) larvae have been captured only on the contmental shelf at salinities
of 28- 36 ppt (Powels and Stender 1978). Dxfferences in sahmty response could be
explalned as being prlmanly nongenetlc adaptatlons to the spawmng sa11n1ty
(Kinne 1962, Holt et al. 1981). Holt et al. (1981) indicated that red drum eggs
exposed to different salinities may have been acclimated to hlgher salinities-
since salinities were very near the salinities of the maturation and spawmng
tanks. Alteéred upper hmlts to the range tolerated by larvae from different
spawmng salinities indicated parental and/or early acclimation effects are
1mportant (Banks et al. 1991).

Temperature became mcreasmgly 1mportant for survival and growth as
larvae develop nghest 2-week larval survival was found at 30°C. Spotted
seatrout larvae were not able to metamorphose at 20°C no survival was observed
after 2 weeks. Temperature and sahmty effect on larval growth rates was
s1gmﬁcant growth at 20°C was much slower than at 25° or 30°C. Extremely
high growth rates at 30°C were the result of canmbahsm, which occurred
during postflexmn Prevmusly, cannibalistic behavior was only observed in
cultured spotted seatrout (Arnold et al. 1978 Tucker 1988), but no evidence
ex1sts, whether cannibalism occurs in the wild.

Apparently contradlctory results showed sahmty effect on growth which
varies inversely with sahmty The, questlon now arises whether hlghest growth
rates are correlated with hlghest survival rates? As our studies indicate spotted

..seatrout can more likely adapt to hypersalmlty conditions (up to 40 ppt) durmg e e e

the early larval stage, but as larvae grow and develop, there is a tendency of
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hlgher survival at lower salinities to 10 ppt towards the Juvemle stage. Our
previous studies have shown that spotted seatrout egg dlameters were
correlated 1nverse1y with salinities (Alshuth and Gilmore 1993). ThlS might
explaln different larval growth rates, if total lengths of yolk sac larvae m’ay also
differ. ;
Opt1mal conditions for- spotted seatrout eggs and larvae were found to be at
25° to 30°C temperature and 20 to 30 ppt salinities. These ranges are very near
the minimum and maximum values at which wild spotted seatrout eggs and
larvae have been collected in central east Florida (Alshuth and Gllmore,
unpubl) Indlan Rlver Lagoon spotted seatrout spawn from sprmg, Apnl-
May/June and August/September May/June marks the end of the cool dry
season, water temperatures warm up (monthly means in Indian River Lagoon
between Sebastian and St. Lucie Inlets 25° - 30°C, Gilmore 1977) and sahnltles
are marme or polyhallne (monthly means in Indian River Lagoon betieen

_ Sebastian and St. Liicie Inlets: 31 - 35 ppt ibid.). August/September is the peak

of the wet season when salinities are lowest (monthly means in Indian River
Lagoon between Sebastian and St. Lucie Inlets: 22 - 30 ppt, ibid.) and
temperatures at their annual peak (monthly means in Indian River Lagoon
between Sebastian and St. Lucie Inlets: 29° - 30°C, ibid.). Subsequently,
historical mean sa11n1t1es range from 22 to 35 ppt and temperatures from 25° to
30°C within the Indian River Lagoon system during the period spotted seatrout
spawn: Field temperatures taken when plankton tows were made for larval fish
ranged from 15. 0°C (13 December 1993) to 32.0°C (8 July and 4 August 1993)
mean of 28. 3°C salinities from 12.0 ppt Qa July 1992) to 35 ppt (8 July 1993) mean
of25.8 ppt. ‘

Based on these results we hypothes1ze that spotted seatrout spawmng success
and subsequent year-class strength will be adversely affected by the onset of high
water temperatures Our data indicate that a sudden temperature decrease
from 25° to 20°C during the early spawmng season, which is not unhkely in the
Indian. R1ver Lagoon, will cause high larval mortallty Sallmty in the natural
situation is hkely to fluctuate more rapldly towards brackish than hypersalme
conditions during the wet summer season. Thus it is surpnsmg to observe that
these larvae show greater abxhty to adapt to hypersalme condltlons during their
early development than to brackish or lower sahmtxes On the other hand we
only occasmnally observed any spawning actxv1ty in salinities below 20 ppt
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(Gilmore 1992) and this correlates with the adult spawning behavior: sound
1nvest1gat10ns of soniferous spotted seatrout have shown that during sallmty

‘declines adults usually mlgrate toward the ocean inlets for spawning at hlgher

salinities (Gilmore et al.; ;; in prep.).

ACKNOWLEDGMENTS We would hke to thank John Reimer, Carlos
Sepulveda and Gmny Walker for their help, both in the field and laboratory
This contributes miscellaneous pubhcatlon No. 213 to the Harbor Branch
Oceanographic Institution.

ALSHUTH S GILMORE R.G. (1993): Egg 1dent1ﬁcatlon, early larval
development and ecology of the spotted seatrout, Cynoscion nebulosus C.
*"(PISCES: SCIAENIDAE). Int. Counc. Explor. Seas, C.M.1993/G:28, Dem.

. Fish Cttee., 18 pp.

ARNOLD, C.R, TD WILLIAMS W.A. FABLE JR JL LASSWELL WH
BAILEY (1976) Methods and techmques for spawning and rearing

. spotted seatrout (Cynoscion nebulosus) in the laboratory. Proc. 30th Conf.
. Southeast. Assoc. Game Fish Comm. 30: 167-178.

BANKS M.A,, G.J. HOLT, J M. WAKEMAN (1991): Age-hnked changes in
sahmty tolerance of larval spotted seatrout (Cynoscion nebulosus,
Cuvier). J. Fish Biol. 39: 505-514.

: BROWN N.J: (1981): Reproductlve blology and recreational ﬁshery for spotted

seatrout, Cynoscion nebulosus, in the Chesapeake Bay area. MA Thesis,
College of William and Mary, Gloucester Point, VA, 120 pp. ..
BROWN-PETERSON; N., P. THOMAS; C.R. ARNOLD (1988) Reproductive
biology of the spotted seatrout, Cynosczon nebulosus, in South Texas.
. Fish: Bull. 86 (2): 373-388.
CHESTER, AJ.; G.W. THAYER (1990) Distribution of spotted seatrout
(Cynosczon nebulosus) and gray snapper (Lutjanus griseus) juveniles in
. seagrass habitats of western Florida Bay. Bull. Mar. Sci. 46 (2): 345-357.
GILMORE, R.G. (1977): Fishes of the Indian River Lagoon and adjacent waters,
o, Flonda Bull. Florida St. Mus. Biol. Sci. 22 (3): 101-147. ,
GILMORE, R.G. (1987): Subtropical-tropical seagrass communities of the
southeastern United States: fishes and fish communities. Fla. Mar. res.
. Publ. 42: 117-137.
GILMORE; R.G. (1992): Comprehenswe status. report: Environmental
parameters associated with spawning, larval dispersal and early life
history of the spotted seatrout, Cynoscion nebulosiis (CUVIER).
Comprehensive Grant Report, submltted to Department of Environmental
Protection; St. Petersburg, Florida. -



14

GILMORE R.G., Y.D. LIN B.G. GROSSMAN (in prep.): Spawmng site

1solatlon and sound characterxzatlon in soniferous estuarine ‘ﬁshes
~_through a neural network system. 1

GRAY J.D.; T.L. KING, R.L. COLURA (1991): Effect of temperature ‘and
hypersahmty on hatchlng success of spotted seatrout eggs. Prog. Fish-
Cult.; 53: 81-84. .. N . I

GRAY, J. D R.L. COLURA (1988): A prehmmary analys1s of the effects of
temperature and salinity on hatching of spotted seatrout. Texas!Parks

... and Wildl. Dep., Coastal Fish. Branch, ‘Manag. Data Ser. 148, Austin.

GUNTER, G. (1945): Studles on the marine fishes of Texas. Publ. Inst Mar Sei.

Umv Tex. 1:1-388. .

HERALD, E.S., R.R. STRICKLAND (1949): An annotated list of the fishes of
Homosassa Springs; Florida. Quart. J. Fla. Acad. Sci. 11: 99-109.

HOLLIDAY, F.G.T. (1969): The effects of salinity on the developing eggs and
larvae of teleosts. In Fish Physiology, Vol. 1 (Hoar, W.S.; D.J. Randall
~eds.), 293-311.

HOLT J., R. GODBOUT C.R. ARNOLD (1981): Effects of temperature and
sahmty on egg hatchmg and larval survival of the red drum, Sciaenops

_... ocellata. Fish. Bull. 79 (3), 569-573..

IVERSEN, E. S D.C. TABB (1962): Subpopulatlons based on growth and
.“-tagging studles of spotted seatrout, Cynoscion nebulosus, in Florida.
- Copeia 3: 544-548. i

JANNKE, T.E. (1971): Abundance of young smaemd fishes in Everglades
Natlonal Park, Florida, in re]atlon to season and other variables. | Univ.

- Miami, Se Grant Program. 128 p

JOHNSON, G.D. (1978): Development of fishes of the mid-Atlantic Blght Biol.

.. Serv. Program, Fish and Wildl. Serv. 4:1-314.

KINNE, O. (1962):  Irreversible nongenetic adaptation. Comp. Biochem.

. Physml 5: 265-282.

McCARTY, C.E., J.G. GEIGER L.N.. STURMER B.A. GREGG W.P.
RUTLEDGE (1986): Marme finfish culture in Texas a model for the
future; in: R. Stroud, ed.: Fish culture in fishery management,. 249-262.
Am. Fish. Soc.; FlSh Culture Sect. and Fish. Manag. Sec., Bethesda,

.. Maryland.

McMICHAEL RH., KM. PETERS (1989): . Early life hlstory of spotted seatrout,
Cynoscwn nebulosus (PISCES: SCIAENIDAE), in Tampa Bay, Florida.
Estuaries 12 (2), 98-110.

MOFFETT AW, (1961) ‘Movements and growth of spotted seatrout, Cynosczon
nebulosus, in west Florida. Fla. Board Conserv. Mar. Res. Lab, Tech.
Ser. 36, 3 pp.

MOK, H.-K,; R G. GILMORE (1983): Analy31s of sound productmn in estuarine
aggregations of Pogonias cromis, Bairdiella chrysoura, and Cynoscion
nebulosus (SCIAENIDAE). Bull. Inst. Zool.; Academia Sinica 22 (2): 157-

. .186.

PEARSON, J.C. (1929): Natural hlstory and conservation of redfish and other

commercial sciaenids on the Texas coast. Bull. U.S. Bur. Fish. 44: 129-
L2114,

PEEBLES, E.B., 'S.G. TOLLEY (1988): Dlstnbutlon, growth and mortality of

larval spotted seatrout, Cynosczon nebulosus: a comparison between two




15

adjacent estuarine areas of southwest Florida. Bull. Mar. Sci.; 42 (3); 397-
410.

POWELL AB,DE. HOSS W.F. HETTLER, D.S. PETERS, S. WAGNER (1989):

Abundance and d1str1butlon of 1chthyoplankton in Florida Bay and -
. adjacent waters. Bull. Mar. Sci. 44: 35-48. ,

POWELS, H., V.W. STENDER (1978):; Taxonomic data on the early life hlstory

stages of Sciaenidae of the South Atlantlc Bight of the United States S.C.
. Mar. Res. Cent. Tech. Rep. 31. 64 p

RICE K.W., L.W. McEACHRON, P.C. HAMMERSCHMIDT (1988): Trends in
relatlve abundance and size of selected finfishes in Texas bays: November
1975-December 1986. Texas Parks and Wildl. Dep., Coastal Fish. Branch;
Manag. Data Ser. 139, Austin. . .

RUTHERFORD E.S., T.'W. SCHMIDT, J. T, TILMANT (1986) ‘The early life
history of spotted seatrout, red drum, gray snapper and snook in the
Everglades National Park; Florida. South Florida Research Center

. Report, 86-107. .

RUTHERFORD, E.S., T.W. SCHMIDT J.T. TILMANT (1989) Early life hlstory
of the spotted seatrout (Cynosczon nebulosus) and gray snapper.(Lutjanus
- griseus) in Florida Bay, Everglades National Park; Florida. Bull. Mar.
Science 44 (1): 49-64. .

SIMMONS E.G. (1957): Ecologlcal survey of the upper Laguna Madre of Texas.

. Publ. Inst. Mar. Sci. 4 (2): 156-200.

SPRINGER, V.G., K.D. WOODBURN (1960): An ecological study of the fishes of
the Tampa Bay area. Fla. Board Conserv. Mar. Res. Lab. Prof. Pap. Ser.
1:1-104.

TABB, D.C. (1961) A contribution to the biology . of the spotted seatrout
Cynosczon nebulosus, of East Central Florida. Fla. State Board Conserv.

_Tech. Ser. 35, 21 pp.

TABB D.C. (1966) The estuary as a habitat for spotted seatrout Cynoscwn
nebulosus Am, Fish. Soc. Spec. Publ. 3: 59-67.

TANIGUSHI A;K: (1981): Survival and growth of larval spotted seatrout
(Cynosczon nebulosus) in relation to temperature, prey abundance, and
‘stocking densities. Rapp. P.-v. Reun. Cons. Int. Explor. Mer. 178: 507-508.

TUCKER, J.W., Jr. (1988): Growth of juvenile spotted seatrout on dry feeds

, Prog Fish-Cult. 50: 39-41. e

TUCKER J.W,, Jr., BEE. FAULKNER (1987): Voluntary spawnmg patterns of
captive spotted seatrout. Northeast Gulf. Sci. 9: 59-63.



16

Fig.i: Sampling sites in the Indian River Lagoon, central-east Florida.

Item 5% 10%0 15%0 20%0 25%0 30%0 35%0 40% 45%c S50%. 20°C 25°C 30°C
% hatch 50.1 883 956 993 100 100 993 956 93 8 786 829 856
% 24-h survival 483 866 955 986 100 97 90 847 717 50 734 736 790
% 2-wk survival 0 2 46 8 14 117 356 1 03 0 02 45 83

Tab.1: Mean percentage hatch, 24-h survival, and 2-week survival of spotted seatrout over

all conditions.
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Fig.2: Hatching success at different temperature-salinity conditions.

ane

Salinity 20° . 25° | 30°
(%0) Mean SD n Mean SD n Mean SD n
10 none survived 5.85 0.165 5 12.675 0.975 6
‘ 20 none survived 486  0.307 16 8.407 2.350 10
25 none survived . 4562 0.823 11 ‘ no measurements

30 none survived 4262  0.632 13 5.98 1.242 13

Tab.2: Total lengths (in miilirhetefé) of spotted seatrout larvae that survived 2 weeks.
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Fig.5: Relationship between total length and age in days over a 30-day period at different

temperature-salinity conditions. Points are mean values of 10 larvae.




