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E nvironm enta lly  C ontro lled  S ea W ater System s 
fo r M ain ta in ing  L arge M arine  F infish

E xperim ental fish cu lture  facilities a t the 
F lo rida  D ep a rtm en t of N a tu ra l Resources 
(FDNR) B ureau  of M arine Research (BMR) 
were recently expanded to allow concurrent 
replicate studies of large m arine finfish. Three 
of nine duplicate environm entally controlled 
system s were completed in 1982.

Three c rite ria  were established prior to de
sign and construction of facilities: 1) the larg
est possible tan k s and w ater volume w ithin a 
wet lab 24.4 x 18.3 x 3.0 m (80 x 60 x 10 ft), 
2) duplicate system s to allow statistical com
parison of concurrent environm ental regimes 
and 3) complete control and m onitoring of en
vironm ental param eters.

R ectangular tan k s are favored over other 
configurations because they provide the most 
efficient use of floor space and  can be stacked 
to u tiliz e  v e rtic a l space. E ach  system  in 
corporates two fiberglas tan k s  w ith a to tal 
w a te r  vo lum e of 20 ,000  L (5284 gal), re 
circulating artificial sa lt w ater and biological 
filtration  located w ithin an  environm entally 
controlled room (Fig. 1). This method m ain
ta ins exceptional w ater quality  w ith m inim al 
d isease  p rob lem s and  h a s  been used  suc
cessfully a t  the  BMR to m ain ta in  and spawn 
pompano, Trachinotus carolinus (Hoff et al.

1972) a n d  re d  d ru m , S c ia en o p s  ocellata. 
(R oberts e t al. 1978). C u rre n t research  in 
these new  system s involves conditioning and 
spaw ning of gag, Mycteroperca microlepis and 
snook, Centropomus undecimalis.

The single large holding tank , 4.3 x 3.0 x
1.2 m (14 x 10 x 4 ft), w ith  a capacity of
13,000 L (3435 gal) is constructed and re in 
forced en tire ly  of hand-laid fiberglas. All cor
ners are  rounded and airlifts  a t vertical corn 
ers (Fig. 2) elim inate debris accum ulation and 
m ain ta in  w ater flow. A single 7.6 cm (3 in.) 
boat th ru  hull fitting  m ounted flush w ith the 
bottom and a t one end of the  holding tan k  
serves as a drain  and is connected to an out
side standp ipe to control w ater depth. The 
d ra in  f i t t in g  accepts a  7.6 cm (3 in.) PVC 
standpipe which allows surface overflow and 
directs pelagic eggs onto a collecting screen 
placed under the outflow.

W ater from the holding tan k  is directed into 
a settling  tan k  (Fig. 3) modified from Parker 
(1979). T his se ttling  tan k  has a  capacity of 
510 L (135 gal) and directs w ater flow over a 
series of baffles w hich effectively elim inate 
most large p articu la te  from the w ater column 
before collecting and  clogging the  biological 
filter. Debris separated  in the settling  tank  is
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Fig. 1. Top a n d  sid e  view  o f  environm enta l room  
show ing  d im en sio n s  (tn) a n d  p lacem ent o f  ho ld ing  
( Hi .  f i l t e r  (F) .  a n d  s e t t l in g  IS )  ta n k s , a n d  d i-  
atbm aceous earth (D E) filter , roek lim e tR L ), wooden  
w alkw ay t W) ,  a n d  fluorescen t fix tu res (L).

periodically flushed through a drain in the 
lowest point of the trian g u la r tank.

W ater is directed from the settling  tank  into 
the  low er biological filte r tan k . The filte r 
ta n k , 4.9 x 3.0 x 0.8 m  (16 x 10 x 2.6 ft), 
supports the holding tan k  and is accessible 
through a 3.0 x 0.6 m (10 x 2 ft) area a t one 
end of the tank. Wooden walkways, bu ilt over 
the filter tank , extend along each side of the 
holding tank . Broodstock are captured w ith 
the aid of a 3.0 x 1.2 m (10 x 4 ft) seine. A 
false  bottom  in  th e  f i l te r  ta n k  b u ilt  w ith  
bricks, fluorescent ligh t fixture egg crate lens 
m ateria l, and fiberglas window screen sup
ports 30 -4 6  cm (12-18  in) of 0.9 cm (% in) 
lime rock which provides substrate for n itrify
ing bacteria  and pH buffering control. A 1 H.P. 
pump, coupled to a netw ork of 3.8 cm (IW in)

Fig. 2. A ir li f ts  a t  vertical corners o f  ho ld ing  ta n ks  
reduce debris in  corners a n d  direct w ater around  
tank.
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F ig . 3. S id e  view  o f  se ttling  ta n k  w ith  d im ensions  
( m) .  W ater (open arrow s) a n d  p a rticu la tes  (d a rk  
arrow s) flo w  a s indicated; particulates settle to the 
low est p o in t a n d  are discharged a t the  bottom w hile  
c lar ified  w ater overflow s through an outlet a t the su r 
face.
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PVC wellpoints under the false bottom, draws 
w ater from a central point on the bottom of the 
filter tan k  and reduces channeling effects due 
to tan k  shape. W ater volume in the filter tank , 
m inus th e  volum e of lim e rock is 6,350 L 
(1678 gal).

A d iatom aceous e a r th  f i l te r  (D .E.), con
nected to the 1 H.P. pump w ith valves, pro
vides add itional particu la te  filtra tio n  when 
necessary. Flow rate  is 265 L /m inute  (70 gal/ 
m inute) w ithout D.E. filtra tion  and provides 
18 w a te r changes w ith in  a  24 hou r period. 
Each system  has separate fresh w ater and  sa lt 
w a te r  supply lines. A rtificial s a lt  w a te r is 
pum ped from two 4,163 L (1100 gal) m ixing 
tan k s located w ithin the wet lab.

Each system  is com pletely enclosed in a
5.3 x 4.9 x 3 .0  m (17 x 16 x 10 ft) room  
constructed from 7.6 cm (3 in) rigid foam be
tween 0.2 cm C/s in) fiberglass sheets provid
ing an R-23.1 insu lation  ra tin g . Individual 
wall panels, 3.0 x 1.2 m (10 x 4 ft), joined by 
fiberglass and resin, provide wall units w ith 
adjacent rooms sharing a common wall. Access 
to each room is through a single insu lated  
door. Roof panels, made from 10.2 cm (4 in) 
rigid foam between 0 .2cm  (‘/« in) fiberglass, 
con ta in  two 3.0 x 0.3 m (10 x 1 ft) sealed  
plexiglas windows th a t protect 16 fluorescent 
light fixtures. The fixtures, located outside the 
room, are w ired in parallel and can be op
erated  singly to control ligh t intensity . A sin 
gle w hite incandescent ligh t w ith dim m ing 
capacity is used to elim inate ab ru p t ligh t cycle 
changes and sim ulates sunrise and sunset. A 
single red incandescent ligh t provides m in i
m al lig h tin g  for observation of fish during  
hours of darkness.

W ater tem perature in each system  is con
trolled through teflon im m ersion coils located 
in each settling  tank. One 2.4 m (8 ft) coil, con
nected to the existing building brine a ir  con
ditioning system, provides 7.0 C (45 F) cooling 
when activated; a second 1.2 m (4 ft) coil, con
nected to the building boiler system , provides
82.0 C (212 F) w ater for heating  when acti
vated . Cooling or h ea tin g  is accom plished 
through electrically operated on/off solenoid 
valves on each exchanger. R ate of tem pera tu re  
change is controlled by re g u la tin g  flow of 
brine or hot w ater by m anual ball valves.

All environm ental param eters, w ater tem 
p e ra tu re  w ith in  0.1 C- (0.2 F), w ater level, 
fluorescent photoperiod and incandescent sun
rise an d  sunset are controlled and monitored 
by com puter. Experim ental regim e schedules 
are sto red  on computer disk and actual con
d itio n s  a re  m onito red  and  com pared con
tinuously  w ith expected values. Deviations in 
env ironm en ta l p aram eters beyond specified 
to le ra n c e s  or m alfunction  of equipm ent or 
m onitoring devices trigger a com puter alarm  
system  th a t  informs personnel by telephone a t 
th e ir  office or home. An emergency generator 
insures continued com puter operation and en
v ironm ental control in the event of power fail
ure.

Three tw o-tank recirculating system s have 
been operative since A ugust 1982. W ater qual
ity , c la rity  and pH depend on num ber of fish in 
the system , the ir total body weight and feed
ing schedules bu t have rem ained exceptional 
from th a t  date  while m ain ta in ing  different 
n u m b ers  of gag  and  red  d rum  broodstock 
th rough  several different environm ental re
gimes. W ater circulation is not restricted  by 
rec tan g u la r tan k  design and broodstock have 
adapted w ell to tan k  shape. Environm ental 
rooms, im m ersion coils, lighting and computer 
in s ta l la t io n  w ere com pleted  in D ecem ber 
1982. P relim inary  conditioning regimes and 
spaw ning attem pts w ith gag have indicated 
satisfactory  operation of all fish culture facilit
ies.
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