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ABSTRACT

Spotted seatrout spawning and culture trials were conducted from 1983
through 1985. Spotted seatrout were spawned by human chorionic gonadotropin
(HCG) induced tank-spawning (1983) and HCG induced strip-spawning (1984 and
1985). Hormone-induced tank-spawning yielded 600,000 larvae for pond
stocking. Strip-spawning efforts yielded 562,600 and 1,531,000 larvae for
stocking in 1984 and 1985, respectively. Thirty-one spotted seatrout pond
trials were conducted between 1983 and 1985. Included in the overall database
were separate experiments designed to determine: 1) feasibility of increasing
pond forage by mysid shrimp inoculation; 2) whether a 10-, 18-, or 28-day
interval between pond preparation and stocking provides the best zooplankton
forage base for fingerling production; and 3) a preliminary evaluation of
stocking rates on fingerling production. All ponds were stocked with 2-day
old larvae. Stocking rates were dependent on larvae availability and specific
study objectives. Overall mean * SD recovery from the 31 pond culture trials
was 32 * 26%. However, returns and production were highly variable.
Production variability was influenced by water quality and zooplankton
densities but only salinity demonstrated a qualitative relationship to
fingerling survival. Pond culture trials exhibiting mean salinities < 16 o/oo
had mean * SD survival of 7.13 * 3.83% (n=12); whereas, average * SD yield
from culture trials conducted at mean salinities > 16 o/oo was 47.0 * 20.1%
(n=19). Although mysid shrimp populations were established by stocking
approximately 17,000 mysids/pond into three, 0.l-ha ponds, mean * SD yield,
(44.1 * 26.9%), and weight/area/day produced (2.32 * 0.92 kg/ha/day), were not
significantly different than yield, (37.9 * 15.79%) and weight/area/day
production, (2.84 * 0.37 kg/ha/day) from three, 0.l-ha uninoculated control
ponds. The time interval between pond preparation and larvae stocking affected
mean survival, with ponds stocked 18 days after initial filling exhibiting a
significantly greater mean percent yield (64.0 * 1.4%) than ponds stocked at
10 (47.5 * 2.1%) or 26 (33.0 * 12.7%) days after filling. Production results
for the variable stocking rate experiment were atypically low with percent
fingerling yield averaging * SD 5.9 * 4.8%. Overall returns (32%) of spotted
seatrout culture pond trials are similar to striped bass fingerling returns
suggesting spotted seatrout culture methods are sufficiently advanced to allow
hatchery scale culture of fingerlings.



INTRODUCTION

Experimental pond culture of spotted seatrout (Cynoscion nebulosus) has
been conducted for more than a decade (Colura et al. 1976, Colura and Hysmith
1976, Heath et al. 1981). Early results were sporadic; however, with
fingerling returns and weight/area/day production values ranging 0-3% and 0.0-
0.2 kg/ha/day, respectively. Porter and Maciorowski (1984) produced more than
50,000 spotted seatrout fingerlings in six experimental ponds with an average
recovery of 8.4% and mean weight/area/day produced of 2.13 kg/ha/day. Improved
yields were attributed to pond management strategies designed to increase
zooplankton forage (Geiger 1983 a, b). Nevertheless, the 30% larvae-to-
fingerling returns generally considered minimal for routine hatchery
production (Kerby et al. 1982) have not been reported for spotted
seatrout. Hatchery production of spotted seatrout has been hampered by
unpredictable spawning and poor survival in culture ponds (Colura et al. 1976,
Porter and Maciorowski 1984). Problems associated with spawning and broodfish
selection of spotted seatrout have received attention (Colura et al. 1988,
Colura et al. In Press), but larviculture and fingerling production data
remain scant. Since 1983, the Texas Parks and Wildlife Department (TPWD) has
had an ongoing experimental culture program to develop hatchery methods for
spotted seatrout. Although experimental culture trials have been conducted
for different specific objectives, general procedures have been similar.
Further, the collective data represent 31 separate pond culture trials and
provide a unique opportunity to evaluate spotted seatrout as a candidate for
hatchery-scale fingerling production.

The present report summarizes results of spawning, larviculture, and
pond culture trials of spotted seatrout conducted at the TPWD Perry R. Bass
Marine Fisheries Research Station (MFRS) between 1983 and 1985. Included in
the data base are separate experiments designed to determine: 1) the
feasibility of inoculating culture ponds with mysid shrimp as forage for
spotted seatrout; 2) whether a 10-, 18-, or 28-day time interval between pond
preparation and stocking of larvae provides the best zooplankton forage base
for fingerling production; and 3) a preliminary evalua®®on of stocking rates
on fingerling production.

MATERIALS AND METHODS

Spotted seatrout used for spawning were sexually mature specimens
captured by hook and line from Matagorda Bay, Texas. All fish were
transported to the MFRS near Palacios, Texas, on the day of capture. However,
transport, handling and spawning procedures differed between years. In 1983,
fish were transported in a 140-1 recirculating seawater tanks, and transferred
to a 9,500-1 recirculating seawater tank equipped with a rotating biodisc
filtration system. On the day of capture, five females were injected with 550
IU/kg human chorionic gonadotropin (HCG) and released into the brood tank with
seven uninjected males. Fertilized eggs were collected approximately 36 h
post-injection (Porter and Maciorowski 1984). In 1984 and 1985, spotted
seatrout were transported to the MFR" in 140-1 live wells receiving compressed
oxygen. Upon arrival, spotted seatry were anesthetized with a commercial
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fish calmer (Hypno®, Jungle Laboratories, Redmond, Washington), examined,
measured (total length mm), weighed (nearest 10 g), and biopsied (females) or
abdominally massaged (males) to determine gonadal condition as described by
Colura (1974).

Females eligible for spawning (mean ova diameter > 0.4 mm) and all males
were intramuscularly injected with 50 mg oxytetracycline hydrochloride to
minimize bacterial lesions from handling. Fish were subsequently transferred
into a partitioned recirculating seawater system consisting of three 1,850-1
tanks equipped with a gravel, sand and shell biofilter. Female spotted
seatrout were intramuscularly injected with 1,100 IU/kg HCG the morning
following capture to induce ovulation. Males received no hormones. Females
were maintained in holding tanks until ovulation (26-32 h) when they were
strip-spawned by the dry method (Davis 1953).

Fertilized eggs were placed into a known volume of seawater and the
total volume of eggs and water determined. Three 1-ml aliquots from the
individual spawns were removed with a Hensen-Stemple pipet and enumerated
using a plankton counting wheel and a stereomicroscope. The average number of
eggs/spawn was determined by volumetric estimation (Bayless 1972). At least 2
h after spawning, three samples of approximately 100 eggs from each spawn were
microscopically examined for mitotic division to estimate the average percent
fertilization.

Fertilized eggs from individual females spawned on the same date were
mixed and incubated in a 1,900-1 cone-bottomed fiberglass tank at 28-31 o/oo
salinity and 24-29 C through hatching. Incubation medium consisted of
Matagorda Bay water supplemented with a synthetic sea salt mixture (Super
Salt®, Fritz Chemical Company, Dallas, Texas or Instant Ocean®, Aquarium
Systems, Eastlake, Ohio). After hatching, incubators received a continuous
flow of Matagorda Bay water at ambient salinity (17-28 o/oo). Alimentary
development for all larvae was completed approximately 2 days post hatch.
Two-day old larvae were concentrated, enumerated by volumetric estimation
(Bayless 1972), and stocked into prepared ponds. Stocking rates varied
throughout the study period, and were dependent on larvae availability and
specific objectives of individual experiments (Table '>. Specific experiments
included brine shrimp (trials 1-6) and mysid shrimp (trials 7-12) inoculation
to improve zooplankton forage; variable time intervals between pond
preparation and stocking of larvae (trials 13-18); comparison of spotted
seatrout fingerling production to that of other sciaenids (trials 19-22,
29-31), and variable stocking rates (trials 23-28). Results of the brine
shrimp inoculation experiments (trials 1-6) and the growth comparison of
spotted seatrout to other sciaenids (trials 19-24, 29-31) are presented
elsewhere (Porter and Maciorowski 1984, Bumguardner et al. In Review) and only
spotted seatrout production data are discussed herein.

General pond culture procedures were similar for all trials. Ponds were
filled with saran sock-filtered (0.5 mm) Matagorda Bay water using the puddle
technique (Bonn et al. 1976) and stocked 10-28 days after initial filling.

All ponds were fertilized with cottonseed meal, phosphoric acid and urea, but
specific fertilization rates differed (Table 1). Half of the cottonseed meal
was initially applied to dry pond bottoms. Ponds were filled to 1.5-1.7 m,
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and the remaining cottonseed meal was broadcast from pond levees in 32 kg/ha
applications three times weekly. The different cottonseed meal application
rates (Table 1) reflect different time intervals between initial filling and
larvae stocking, number of days in production, and adjustments necessary to
maintain adequate water quality. Increased urea and phosphoric acid
applications in 1984 reflect the decision to increase total inorganic
fertilizer applications.

Zooplankton in each pond were sampled twice weekly in 1983 and 1984, and
three times weekly in 1985. Zooplankton samples consisted of 25 liters of
water pumped from the pond drain box and passed through a 64-my Wisconsin
plankton net (Farquhar and Geiger 1984). All samples were preserved in 4%
buffered formalin. Preserved samples were subsampled (Weber 1973, APHA et al.
1985), and major faunal groups identified and enumerated using a plankton
counting wheel and stereomicroscopy.

Water quality determinations were performed daily at each pond drain box
between sunrise and 0730. Dissolved oxygen and temperature were determined by
the membrane electrode method (YSI Model 57, Yellow Springs, Ohio) and a
thermometer, respectively. Salinity was measured by a refractometer (AO
Scientific Instruments, Buffalo, New York) or salinity meter (YST Model 33,
Yellow Springs, Ohio).

Ponds were drained 22-30 days post stocking, and 100 fingerlings from
each pond were preserved in 4% buffered formalin. Total length (TL), standard
length (SL), and weight were determined for each specimen. Remaining fish
from each pond were mass weighed at harvest with a dairy scale (Model 600,
Hanson Co., Shubuta, Mississippi). The total number of fish recovered was
determined by extrapolating mean individual weight of 100 fish from each pond
to its respective total harvest biomass.

Mysid shrimp (Mysidopsis bahia and M. elmyra) were collected from
Matagorda Bay in 1984 using an epibenthic sled with a 52 X 18-cm opening and a
0.5 mm mesh bag. Mysids were enumerated using standard subsampling and
counting techniques (Weber 1973). Three randomly selected 0.1l-ha ponds were
subsequently stocked with mysid shrimp 10, 15, 16, and 17 days post filling
for an estimated inoculation of 17,000 mysids/pond. Three 0.1-ha ponds served
as uninoculated controls. Benthic samples were collected from each pond twice
weekly beginning 27 days post filling and continuing until the day before
harvest. Samples were obtained by pulling the previously described epibenthic
sled across the width of each pond. Samples were collected across the width
of each pond at the middle and each end on each sampling day and preserved in
a 10% formalin. Preserved samples were washed in a 1.5-mm sieve and major
faunal groups identified and enumerated.

Ponds with the same initial date of filling and size were grouped into
six experimental units (Table 1). Calculated means of water quality
characteristics, TL, weight, and numerical return for the mysid inoculation,
time of stocking, and stocking density experiments were compared by single
classification ANOVA and the T-method for equal sample sizes or the GT-2
method for unequal samples sizes. All statistical analyses followed Sokal and
Rohlf (1981) and were performed at the 0.05 level of significance.



RESULTS

Percent ovulation of hormone injected spotted seatrout, percent
fertilization of spawned eggs, and larval survival at 2.5 days was highly
variable (Table 2). Despite the underestimation of tank-spawned eggs in 1983,
the best larvae recoveries (number of larvae/female) were obtained by the
hormone-induced tank-spawning method. The high strip-spawning variability in
1984 and 1985 was presumably due to using spotted seatrout which were
ineligible for HCG induced strip spawning. Larvae recoveries at 2.5 days
ranged 11.4-43.6% and averaged (* SD) 33.4 * 14.5% and 20.1 * 14.8% in 1984
and 1985, respectively.

Production and fingerling characteristics (Tables 3, 4), water quality
characteristics (Table 5), and zooplankton densities (Table 6), for the data
base were also highly variable (Table 7), and reflect differences in spawning
methods, fertilizer application rates, larval stocking rates, specific
experimental objectives, and seasonal differences in temperature and salinity.
Production variability was influenced by differences in water quality and
zooplankton densities. However, only salinity demonstrated a qualitative
relationship to fingerling survival (Figure 1, Tables 3, 5). Pond culture
trials exhibiting mean salinities < 16 o/oo (trials 1-6, 23-28) had a mean *
SD percent yield of 7.1 * 3.8% (n=12); whereas, culture trials conducted at
mean salinities > 16 o/oo (remaining trials) had a mean percent yield of 47.0
+ 20.1% (n=19). The marked reduction in survival at salinities < 16 o/oo was
not as apparent for weight/area/day produced which averaged * SD 1.39 * 0.91
kg/ha/day in low salinity ponds. In contrast, pond trials with > 16 o/oo
salinity averaged * SD 1.85 * 0.93 kg/ha/day.

Inoculating ponds with mysid shrimp did not affect spotted seatrout
growth or production. Mean * SD spotted seatrout fingerling yields and
weight/area/day produced in mysid inoculated ponds (trials 7-9) was 44.1 *
26.9% and 2.32 * 0.92 kg/hg/day, in contrast to 37.9 * 15.79% and 2.84 and
0.37 kg/ha/day for uninoculated controls (trials 10-12). 1Individual spotted
seatrout fingerlings averaged * SD 0.24 * 0.12 g and 30 * 5.3 mm TL from mysid
inoculated ponds, and 0.24 * 0.08 g and 31 * 4.0 mm TL from uninoculated
control ponds. No significant differences were evident in mean yield (F,, =
0.010), weight/area/day produced (F, , = 0.03), or fingerling length (F, , =
0.068) and weight (F, , = 0.001) between inoculated and control ponds.
Similarly, there were no significant differences in mean salinity (F, , =
1.010) or dissolved oxygen concentrations (F, , = 0.001) between ponds. The
mean water temperature of the six culture ponds was identical (Table 5).
Mysid shrimp were established in inoculated ponds prior to stocking spotted
seatrout larvae (Table 8). However, no mysid shrimp were recovered from
culture ponds at fingerling harvest.

The time interval between pond preparation and the introduction of
spotted seatrout larvae (trials 13-18) affected mean survival. Mean spotted
seatrout survival in ponds stocked 18 days after initial filling was a
significantly greater than survival in ponds stocked 10 or 26 days after
filling (Table 9). Mean total lengths (Fs sq, = 269.43) and weights (Fs 594 =
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85.70) of individual fingerlings were significantly different between ponds
(Table 4). Fingerlings from ponds stocked 10 days after filling were smaller
in TL than fingerlings obtained from ponds stocked at 18 or 26 days. However,
the different time intervals had no significant effect on weight/area/day
produced which averaged * SD 2.23 * 0.57 kg/ha/day for the six culture trials.
Peak zooplankton densities occurred in the first week after filling for ponds
stocked at 10 and 18 days, and in the second week for the 26-day treatment
group (Figure 2, Table 6). Temperature (Fg j;; = 0.828) and salinity (Fs 31 =
1.732) were not significantly different between the 10-, 18-, and 26-day time
interval treatment ponds. However, mean dissolved oxygen concentrations

(Fs 211 = 5.16) were significantly different between treatments (Table 5).
Lowest percent yield (24%) was obtained from the pond (Trial 17) with lowest
mean + SD dissolved oxygen concentration (3.3 * 1.0).

Production results for the variable stocking rate experiment (trials 23-
28) were atypically low (Table 3), with percent fingerling yields and
weight/area/day produced averaging * SD 5.9 % 4.8% and 0.66 + 0.65 kg/ha/day.
In contrast, mean percent survival and weight/area/day produced for the
remaining 1985 pond culture trials (n=13) averaged 49.8 + 20.3% and 1.60 %
0.77 kg/ha/day. Temperature averaged 29 C in all ponds, whereas salinities
ranged 15-16 o/oo and dissolved oxygen concentrations ranged 3.5-4.6 mg/l
(Table 5). Although salinity was not significantly different (Fs 23, = 1.01),
dissolved oxygen concentrations differed significantly (Fs ,3, = 8.48) among
ponds.

DISCUSSION

Spotted seatrout spawning success was variable in 1984 and 1985.
Variability may have been due to the use of fish ineligible for HCG induced
strip-spawning. Spotted seatrout spawned in 1984 were randomly selected as
part of a spawning study (Colura et al. 1988), whereas only broodfish
exhibiting vitellogenic ova averaging > 0.4 mm in diameter were used in 1985.
Colura et al. (1988) found successfully spawned spotted seatrout females had
mean ova diameters > 0.45 mm. The use of fish with ova diameter < 0.45 mm
during both 1984 and 1985 presumably reduced the ovulation and fertilization
rates. Tank spawning methods in 1983 provide better fertilization and larvae
survival rates than strip-spawning. However, multiple attempts to duplicate
the spotted seatrout tank spawning methods used in 1983 have proven
unsuccessful (TPWD unpublished data).

Mean survival of spotted seatrout larvae produced by strip-spawning in
1984 and 1985 was 21 and 25%, respectively. The low larval survival may be
related to the use of broodfish exhibiting a mean oocyte maturation size <
0.45 mm in hormone induced strip-spawning. Such fish may have had ova with
insufficient yolk to allow larvae to survive through mouthpart development.
As with egg fertilization, larvae survival may be improved by limiting
hormone-induced strip-spawning to broodfish exhibiting a mean oocyte
maturation size > 0.45 mm.

Spotted seatrout larval-to-fingerling recoveries have steadily increased
over the earliest saltwater pond culture attempts (Colura et al. 1976) when
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yields averaged < 3%. Porter and Maciorowski (1984) achieved mean survival to
8.4% by increasing fertilization and stocking after zooplankton population
densities had peaked in the culture ponds. Pond management strategies
designed to improve zooplankton forage (Geiger 1983 a, b) may have reduced
mortality and increased fingerling yields. Continued reliance on similar
strategies in 1984 and 1985 provided mean survivals of 41 and 36% of the 2
respective years. Presumably, the fertilization strategy provided sufficient
forage for spotted seatrout survival in all ponds. Salinities < 16 o/oo
appeared to reduce survival.

Inoculating ponds with a suitable crustacean forage has successfully
increased striped bass fingerling production in freshwater ponds (Geiger 1983
a, b). However, attempts to inoculate spotted seatrout culture ponds with
saltwater crustaceans have been unsuccessful. Porter and Maciorowski (1984)
failed to establish brine shrimp populations in spotted seatrout culture
ponds. Mysid shrimp were established in ponds in this study, however,
populations were apparently insufficient to affect spotted seatrout fingerling
production. Mysid shrimp have a 14-28 day life cycle (Nimmo et al. 1978)
relative to a 30-45 day period necessary for spotted seatrout fingerling
production. Accordingly, inoculation densities and the time interval between
inoculation and larvae introduction were insufficient for mysid shrimp
population growth prior to predation by fingerlings. Indeed, establishing
reproducing populations of wild caught mysids in production ponds may be
impractical. Establishment of a forage pond from which mysids or other
suitable crustacean forage may be cultured and used to inoculate spotted
seatrout culture ponds may provide a better method of increasing forage.

Significantly greater fingerling yields of spotted seatrout from ponds
stocked 18 days post filling was consistent with observations from the entire
pond culture data base. Ponds with mean salinities > 16 o/oo and stocked
approximately 20 days after preparation yielded fingerling returns of 13-67%
(Tables 3 and 5). Reasons for better fingerling yields in ponds stocked at
18, rather than 10 or 26 days are unclear. Previous studies have demonstrated
peak zooplankton densities occur approximately 10 days post filling and
fertilization (Colura and Matlock 1984). Therefore, ponds stocked 10 days
after filling should have provided the best fingerlinz vields and growth.
Failure to achieve greatest yields from ponds stocked 10 days after
preparation suggests spotted seatrout fingerling yields are only partially
related to available forage.

In general, higher stocking rates resulted in the greatest yields of
spotted seatrout at harvest. Similarly, McCarty et al. (1986) obtained
greater red drum fingerling yields from ponds stocked at 750,000 and 1,025,000
larvae/ha than from those stocked 500,000 larvae/ha. However, interpretation
of the spotted seatrout stocking density experiment was complicated by poor
survival.

In conclusion, spotted seatrout culture methods are sufficiently
advanced to allow hatchery scale culture of fingerlings. Although spawning
success, egg fertilization rates, and larval survival at 2 days remains fairly
low, concentrating production effort during peak spawning activity and using
only fish with a mean oocyte diameter > 0.45 mm should improve hatchery
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returns (Colura et al. 1988). Average fingerlings returns from spotted
seatrout culture ponds in 1983-1985 (32%) were lower than the 40-53%
fingerling yields reported for red drum (McCarty et al. 1986). However,
spotted seatrout fingerling returns are similar to the 30% fingerling recovery
rate reported for striped bass (Kerby et al. 1983). Further, 12 of 31 pond
culture trials yielded fingerling returns > 40%, suggesting greater production
potential than achieved in the overall database. Limiting pond culture of
spotted seatrout to periods when salinity exceeds 16 o/o0, and identifying
optimum stocking rates should provide overall fingerling yields and production
values comparable to those for red drum.
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Table 5.
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8
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29 £ 0.
29 £ 0
29+ 0
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40
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40 29 £ 0.7
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14-22
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0.6

4.1

28-30

5
.5

29 + 0.
29 £ 0
29 * 0.

31
31
31
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Seatrout
production

14-22

18 + 3.0

4.2 0.6

4.3

28-30
28-30

30
31

14-22

+ 0.4 18 + 2.9

5

17



18

609T ¥ T196¢C TT1¢ ¥ wwe L8€ ¥ 9LC LT% ¥ 90% 6¢LT ¥ we6l 9¢
979¢ ¥ 61¢¢ 9¢T ¥ 1¢1 6%S ¥ %(8 L6T ¥+ 86¢C ¢I8%E F 6961 G¢
0T8T ¥ %S%¢ 66 ¥ €6 %19 F €16 0S¢ + %1¢ 8LCT ¥ 6C11 V24 a3e1 Jutyo03s
89.T ¥ G69T1¢ 8LC ¥ O%¢C 0€¢ ¥ 00¢ ST% ¥ G1v 8LLT ¥ LOCC 1 %4 9BAIER] 9T(BTIIABA
Y7L ¥ whee 7 ¥ T¢ 06 ¥ 19 66¢ F G6¢ TISTL F 2967 ¢
6091 ¥ L66 9¢ ¥ 0¢ 7eT + T€T SLT ¥ T0¢ 69T ¥ 0.8 1¢
©6S ¥ L99 L6 ¥ C11 8 ¥ 6L €LE ¥ 81¢ €C¢lL F ¢w1e 0¢ uot3onpoad
9¢0¢ + 8¢C6T 96¢ ¥ €% L8T ¥ 9¢1 T ¥ wee 102¢ F %6S1 61 peazodsg
T6CT + %¢(8 o7 ¥ 601 S ¥ 29 LL ¥ G%1 #8¢T ¥ CI16 81
6TE ¥ 649 €1¢ ¥ 60¢ 66 *+ S6 70T ¥ LST 0S¢ ¥ 0C¢ LT Kep-97
e ¥ YSL LEC F €CC LTT ¥ 86 9% ¥ Y1 L8 ¥ 68¢C 91
LS F 8GL 0L ¥ O%¢C 70T ¥ L6 60T ¥ O%I1 06€ ¥ GLC ST
LSS F 008 ¢¢S F 99¢ 66 + LL ¢91 ¥ 01¢ 66 ¥ CW¢C 71 s3ep Buryo03s
696 ¥ CL8 91T ¥ 6¢CT GC¢1 ¥ €6 S6 ¥ ¢l 6€8 ¥ 616 ¢l Kep-01 9TqeTaEA
0T2¢ ¥ T18T¢ 96G F WEY 89¢ F %we¢ 19¢ ¥ LT¢ 6€CE F 96¢C1 ¢l
L68C ¥ L%CTC %96 ¥ L1V €ve F TLC LLT ¥ 98C G¢8C ¥ ¢LCT 1T
€806 ¥ L6T¢E 8y ¥ £T1¢ 0ty ¥ L£€ 796 ¥ 01§ TSTS ¥ 650¢ 0T Toxj3uo)
¢TLE F 69¢C¢ 090¢ ¥ S90T1 8%9 ¥ C16 8¢€E F TLC 61 + 6TYVI 6
€65 + £0%S LTCT ¥ 0L8 GGE F 80¢ 899 ¥ %6¢ 6796 ¥ C08¢ 8 uoT3eINOOUT
¢CC¢ ¥ 8t0C 99% ¥ €% 09¢ ¥ %0¢ ¢SC F LEC 96¢C ¥ 9601 L Jjusuyesax] dutiys pIsAW
¢¢T ¥ 60% €7 ¥ €6 €S ¥ 6L 8¢ ¥ 18 88 ¥ 661 9
09¢ ¥ 909 SO0T ¥ 00T LB ¥ C8 (YT ¥ 80¢ 6%1T ¥ 0¢C¢ S
€0¢ ¥ 016 EFT Y 6T¢ ¥ ¢81 OET ¥ €L1 TIT ¥ %ST Vi Toxjuo)
81¢C ¥ wL% ¥ Y 0C¢T ¥ TST 6/ ¥ T¢I 0S ¥ 681 €
60C ¥ €9% ¢l + 11 LOT ¥ 8ST 79 ¥ 1¢1 S6 ¥ 68T ¢ uoTieTnoouTt
€8T ¥ 98¢ IT ¥ 6 TI€T + wCl S¢ ¥ €6 €7 F 091 T juswlesd], dutays sutag
uoayuetdooz arAaIER] sa31podadoo I17dnEU sI193T130Y siaqumu juswtaadxy
1e301 a39eyoL10ogd pue saInpe podadop 181Xl

podadop

‘C86T-€86T ‘UOTIBIS YOIBOSIY SOTABYSTJ SUTIBN SsBY g A1xag s,3usuziedaq SJITPTIM PUB S} IBJ SBX3]

8y3 3B pe3onpuod sTeIIl 2an3Tnd puod 3noijeas pailjods ¢ Io3 uojzxueldooz (gS F) uesw A[i99m a9yl JO upaw purIH

‘9 °1qel



19

SOVl ¥
6CTT +
¢Vt ¥

6¢9¢
069¢

+ +l

9nne
Leec
LETT

8TT¢E
S9n¢

€LE
€09 +
LEY F

[t
L8

+l +l

€9Y
€29
89%

61
€01

9¢T +
60C +
70T

+I

09%
¢09

+ H

est
0%t
701

8.6
€€9

LTT ¥
€L ¥
8T

S6¢ +
9LT *

L0¢
06¢
[4°74

11¢
9¢¢

(A%
90TT
LLet

86¢¢
8¢6¢C

A
¢011
[4 1

TLT¢C
Te%1

1€
0¢
6¢

8¢
Lz

uotaonpoad

(p,3u0)p)

anoijeas

"9 °1qEl



20

“(uu) yzSuel paepuels = 7S pue (3)3ydrem = M :913ym [TS/MOT = 103DEBF UOTITPUO) ,

$9/°09 %866 %0561 %26 L1 $€9°16 $22°G6 %6661 AD

(as

8691 F 6.1 [1°0 F 69°1 'S ¥ 82 S'9 ¥ L€ G20 F 8%°0 €6°0 F 691 2°67 F 9°1¢  uesy
3%/s8urTas8uty ¢1020€3 1S 11 (8) ay31ep (Kep/ey/3%) PT91X
uoI3TpuUO) (uur) g3sdue’] uol3onpoad pUELBCE|

"G86T-€86T

uoT3®IS YoIeasay SITISYSTI ourael sseqg 'Y Aired s,3uswirredsq oITTPTTM PUB S}Ied SBXS] 22Ul ¥ PIIONPUODd STBTII 2IN3TND
puod 3noijess peazods ¢ woxy ejep uorionpoad ZurlisBuri 10J (AD) UOTIBTIBA JO SIUSTOTIISOD pue UEsW puelrd '/ ITGBL



21

€6°0 ¥ 17670 9% [ F 816 9¢ 1% ¥ €G6°6G8 0
€e’0 ¥ 1S°0 0L°C + 88°¢ ¢ LT ¥ 8¢°CS 0 %861 8NV €1 ¢l
€1°0 ¥ 60°1 2€'T ¥ 66°6 06°9¢ ¥ WL T¢1 0 36T 8nv €1 11
00’0 ¥ 00°0 GC'9T ¥ ¢/ L1 08°0C ¥ 8% ¢CL 0 36T 3nv €1 01 pajeIndoutuf
¢1°L ¥ S8°L 8C2°9 ¥ 7¢9°8 GE'LE F £€9°CS 0
8.°0C ¥ LO°9T 88V ¥+ L9°6GT 8G LT ¥ 16°6G¢ 0 %861 8NV €1 6
8€'¢€ ¥ 69°¢ 9T°'T ¥ 19°¢ 87°86 F C%7° 66 0 %861 3nV €1 8
6G°C ¥ €8°¢€ €0°C ¥ 6S°9 86 %1 ¥ 96°9¢ 0 7861 3NV €1 L pe3eTnooutr pPIsAK
80°0 ¥ ¥0°0 08°6%C ¥ 0C L6S ¢e'ST ¥ 6C°0¢ 0OT'0 ¥ 9°0
€T°0 ¥ €T°0 69°CTL ¥ 06°G86 08°CS ¥ 8L LY 00°0 ¥ 00°0 7861 InC %¢ (Al
ST'0 ¥ 60°0 %8 €LE ¥ 6L 6SS 86 1€ + ¢G°¢¢ 0’0 F LT°0 86T TNl €¢ 11
00°0 ¥+ 0070 €C TIEY F 02 9%6 ¢ 1T ¥ S%'61 00°0 ¥ 00°0 7861 TNl €¢ 01 peaeInooutu(
LL°O0 F ¥8°0 9¢€ €% ¥ 6C°8%Y% 90°CT ¥ 8¢ 1¢ 8L°'% F 6L°S
9.°0 ¥ T€°0 8C ' %WCT ¥ CL 60% 066 F 9¢°C1 [9°C F €8°¢C 7861 InC % 6
12°0 ¥ 6%°0 6G°LCC ¥ SO°CLY ?28°6 F 6G°91 €91 ¥ 1¢°11 786T TN €7 8
6¢’'T + ¢L'1 0C°'¢€1Z + 60°¢€6% 90°€E ¥ 86 %t 9¢'% ¥ €C'¢ 7861 1INl €¢ L pajeTnoout PISAR
spodtydury (SPIXT1092) aeale] dutays ajep siaqumu JUSUWIEIIL
s309suUf 939rYdLT0d PTSAR o1dwes 1811l

" (%861 3NV #T)

3seaey SurTas8utl pue (86T N[ [Z) UOTIONPOIIUT 9BAIBR] JO 93BP 89Uyl IESU Spuod 8aIn3[nd 3IN0IIEDS pe3laods (pesjeInooutrun)
1013u0> pue pejenooul prsAm ul swsTuedio oTyjzusqrds uoumoo pue durays prsAw Jo (Ww/°ON) s°I3Tsudp (S F) UBSKW '8 OTAEL



22

Table 9. Comparison by the T method of mean percent survival and production
of ponds stocked at 10, 18, and 26 days after filling.

Days
post filling Lower 95% Upper 95%
larvae were comparison comparison
stocked Variable Mean (& SD) limit limit
10 Percent 47.5 + 2.1 42.9 52.1
18 Survival 64.0 £ 1.4 59.4 68.6
26 33.0 £ 12.7 28.4 37.6
10 Production 1.6 £ 0.7 1.3 2.5
18 kg/ha/day 3.2+ 0.4 2.9 3.8
5% 0.4 1.9 3.1

26 2.
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Figure 1. Percent return and mean salinity from 31 spotted seatrout pond
culture trials, Perry R. Bass Marine Fisheries Research Station.
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