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Mirex, a polycyclic cMorocarbon insecticide (dodeeachlorooctahydro-1,  3 ,4 -  
metheno-2H-cyclobuta[cd]pentalene),  has been used many years  for  control of the 
impor ted  t i re  ant (Solenopsis sav i s s ima  richteri)  in various southeastern U. S.A. 
states (COON and FLEET 1970). Accumulation of mi rex  residues by various species 
of aquatic organisms (BUTLER 1969; WOLFE and NORMENT 1973; BORTHWICK et al. 
1973) is indicative of the widespread occurence  of this insecticide in the environment.  

Methoxychlor (1, 1, 1 - t r i ch lo ro -2 ,  2-bis[p-methoxyphenyl] ethane) has been a 
commerc ia l  insecticide since discovery of its insecticidal  proper t ies  (LAUGER et al. 
1944), and has replaced DDT. 

The purpose of this investigation has been to determine the acute toxicity of 
mirex  and methoxychlor  to s t r iped mullet (Mugil c ephalus L. ) using continuous flow 
bioassay.  The s t r iped mullet have an extensive geographic distribution and can 
tolerate  a wide range of physical  pa ramete r s  in both f reshwater  and mar ine  environ-  
ments (SYLVESTER et al. 1974; THOMPSON 1966). 

Materials and Methods 

Juvenile mullet used in this study were seined f rom coastal  s t r eams  and bays 
around the island of Oahu, Hawaii. Young juveniles ranged in s tandard length f rom 
20 to 43 mm and older  juveniles ranged in s tandard length f rom 70 to 150 mm. Adult 
mullet ,  s tandard length 260 to 380 mm, were collected f rom the island of Hawaii. 
All fish were t ranspor ted  to the laboratory in aerated tanks and accl imated f rom ten 
days fo two weeks in a 4,000 gallon vat or  in ponds. 

_Bioassay Techniques 

Four  different concentrat ions of each insecticide (0.01, 0 .1 ,  1.0,  and 10.0 ppm) 
and eontrols were tested simultaneously.  Total flow rate through glass test  aquaria 
was 260 ml /min  of insecticide solution and seawater .  The number of muUet used in 
each tes t  was 25 for young juveniles,  10 for older  juveniles and two for  adults. Tests  
were repl icated four t imes at each concentration of insecticide.  The dosing apparatus 
and procedures  of the tests  were s imi la r  to those deser ibed by BURKE and FERGUSON 
(1968) and SPRAGUE (1969). Quant itative analysis  of insecticides were made by gas 
chromatography.  

Mortalities were recorded  daily during a 96-hour exposure period and percent  
morta l i ty  calculated according fo the method given by LUDKE et al. (1971). Dead 
fish were removed,  r insed with acetone and frozen for t issue residue analysis .  At 
the end of 96 hours ,  remaining live fish were sacr i f iced  with acetone solution and 
frozen.  
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Water samples were collected periodically f rom the tes t  aquaria during tests  
and analyzed for insecticide concentration. Dissolved oxygen, t empera ture  and 
salinity were monitored daily. 

Resi” Ana!y,sis 

At the end of 96 hours,  live fish were killed in acetone, then r insed with acetone 
and frozen for  residue analysis.  Dead fish in mi rex - t r ea t ed  tanks were removed as 
soon as they were observed,  then r insed in acetone and kept in the f reezer .  Methoxy- 
chlor was measured f rom fish killed by the insecticide and pooled af the end of the 
b ioassays ,  except Lhose in 0.01 mg/1 methoxychlor tanks and controls (1-10 ppm). 
Frozen samples were minced in a laboratory blender.  Approximately 5 grains of the 
minced sample (duplicates f rom individual test aquaria) were ground thoroughly with 
additions of anhydrous sodium sulfate in a m o r t a r  and pestle. 

Results and Discussion 

The results  indicate that young str iped mullet juveniles a re  more  susceptible to 
mirex  poisoning than either older juveniles o r  adults (Table 1). Over a 96-hour tes t  
period,  no mortal i t ies  occured among older  juveniles or  adults. Among young juveniles 
highest mortal i t ies  of 32.1 percent  and 26.9 percent  occur red  in mirex concentrations 
of 1.0 and 0.1 ppm. However mortal i t ies  were lower in 10.0 and 0.01 ppm. Mean 
deaths in these concentrations were 9.0 percent and 6.4 percent .  The causes of the 
differences in mortal i ty  between concentrations of 10.0 and 0.01, and those of 1.0 
and 0.1 a re  obscure.  The behavior  of the young juveniles was s imi la r  in all test  tanks 
and control tanks. 

TABLE 1 

Percen t  Mortality of Striped Mullet for  96-Hour 
Continuous-flow Bioassay for  Mirex 

(Percent  mortal i t ies  were calculated according to the 
method given by LUDKE et al. [1971]). 

Sample 
(no. in each 
tank) 

Mirex No. of Mortality 
Level test (%) 
(ppm) tanks 

Young juvenile 
(25) 

0.01 4 6.4 

O. i0 4 26.9 

1. O0 4 32.1 

10. O0 4 9.0 
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Table 1 - continued 

Sample Mirex No. of 
(no. in each Level test  
tank) (ppm) tanks 

Mortality 
(%) 

Juvenile 
(10) 

0.01 4 0 

O. I0 4 0 

i. O0 4 0 

I0. O0 4 0 

Adult 
(2) 

0.01 4 0 

O. 10 4 0 

1.00 4 0 

10. O0 4 0 

The anomalous results  of these mirex  experiments could be a resul t  of its 
specific action on s t r iped mullet and the physical  pa ramete r s  of the experimental  
conditions. The par t icu lar  charac te r i s t i cs  of the effeets of mirex  on fish bas been 
repor ted  elsewhere.  In a study of the effects of mi rex  on bluegill,  Lepomis m a c r o -  
chirus and goldfish, Car ras ius  aura tus ,  VAN VALIN et al. (1968) reported that blue-  
gill exposed to 0. 0013 ppm and 1.0 ppm showed no relationship between mortal i t ies  
and mirex  exposure.  However, they observed 68.8 percent  mortal i ty  in goldfish in 
0.1 ppm and 85.5 percent  mortal i ty  in 1.0 ppm during a 308-day experimental  period. 

The results  of the mirex residue analyses and the measured  mean concentrations 
of mi rex  in the test  water  a re  presented in Table 2. The la rges t  amounts of mirex  
res idue were round in the adults. These large amounts could be a resul t  of the possibil i ty 
that  the adults may have a relatively higher proport ion of body fat compared  with the 
juveniles.  The data fur ther  indicate that mirex  residue levels in the tes t  fish increased  
with increas ing insecticide concentration. 
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The resu l t s  of the p r e s e n t  study indicate that methoxychlor  was m o r e  toxic to 
juveni le  and adult mul le t  than mi rex .  Young muUet were  m o r e  suscept ib le  to me tho-  
xyeh lor  than adults .  Young juveniles  exposed to 10.0 ppm sus ta ined  100 percen t  mor ta l i ty  
within th ree  hours  of initial  exposure  while all  adults exposed to the s a m e  concentra t ion 
died within s ix  hours .  In 1.0 ppm all  juveni les  were  ki l led in nine hours  and adults in 
15 hours .  At a concentrat ion of 0.1 ppm about 95 pe rcen t  mor ta l i ty  in the juveniles 
occu r r ed  within 48 hours and 63 percen t  mor ta l i ty  in the adults for  the s a m e  t ime  per iod 
(Table 3). During the expe r imen t s ,  af fected mul le t  in the exper imenta l  tanks showed 
s t r e s s  behav io r  apparent ly  caused by insec t ic ide  poisoning. This behav io r  included 
sudden or  rapid random m o v e m e a t s ,  a t tempts  to jump out of the t e s t  tanks,  gradual  
loss  of equi l ibr ium and cessa t ion  of r e s p i r a t o r y  movemen t s .  

TABLE 3 

Pe rcen t  Mortal i ty  of Str iped Mullet for  96-Hour  
Continuous-flow Bioassay  for  Methoxyehlor  

(Percent  mor ta l i t i e s  were  calculated aecording  to the 
method given by LUDKE et al. [1971]) 

Sample  Methoxychlor  No. of Morta l i ty  % 
(no. in each level  tes t  
ta, nk ) (ppm) tanks 48-hour  96-hour  

0.01 4 4 .0  5.1 
Young 
juvenile  0.10 4 94.8 97.0 
(25) 

i .  O0 4 I00 - - -  

10. O0 4 I00 - - -  

Adult 
(2) 

0.01 4 0 0 

0.10 4 62.5 I00 

1.00 4 I00 - - -  

I0.00 4 100 - - -  

Table  4 indicates that re la t ive ly  sma l l  amounts of methoxychlor  res idues  accumu-  
la ted in the mullet  t i s sues .  Juveniles  exposed to 0.01 ppm accumula ted  a mean of 
0.06 lzg/g methoxychlor  ove r  a 96-hour  per iod and adults accumula ted  0 .2 tzg/g  ove r  
the s a m e  t ime  period.  
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