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Evidence for a Sexual Cycle in 
the Florida Red Tide Dinoflagellate 

Ptychodiscus brevis 
( = Gym nodinium breve)

L in d a  M . W a lk e r

A condensation o f “ Evidence fo r a Sexual Cycle in the F lorida Red Tide 
Dinoflagellate, Ptychodiscus brevis  ( =  Gym nodin ium  b reve)."  published recent­
ly in Transactions o f  the Am erican M icroscop ica l Society (V o l. 101, N o. 3). 
W alker is w ith  the F lorida Departm ent o f  N atura l Resources, M arine Research 
Laboratory, 100 E ighth Ave. SE. St. Petersburg, F L  33701).

Steid inger (1975a,b) proposed tha t b loom s o f  the F lorida  
tox ic  d inoflagellate, P tychodiscus brevis  (Davis) Steid inger, 
began 18-74 km  offshore w ith  a "s e e d ”  popu lation and that 
the entire bloom  cycle  o f  in it ia tio n , support, and maintenance 
was mediated by hydrologie and m eteorologie factors. F inu- 
cane1, W ilson (1967), and S te id inger and Ingle (1972) had 
postulated a benth ic resting cyst stage fo r  P. brevis, and 
Steid inger suggested tha t cysts accum ulated, fo rm ing  cyst 
beds. She fu rth e r suggested tha t num erous cysts in these 
beds, when triggered by proper cond itions, could excyst en 
masse to  provide the “ seed”  popu la tion  fo r  a bloom .

This report describes gametes, planozygotes, and possible 
hypnozygotes (cysts) fo r  F . brevis. Seven strains o f / 5, brevis, 
isolated from  waters o ff the west coast o f F lo rida , were used 
in th is study: a d ip lo id  (Lo pe r et al. 1980) 1953 strain, haploid 
1971, 1974, 1976, and 1977 stra ins, and haplo id clonal 1978 P5 
and P6 strains.

Sexual stages (gametes, p lanozygotes) were observed in 
stock cultures o f nonclonal stra ins o f  P. brevis  (1971, 1974, 
1976, and 1977) in lo w  numbers. Sexual stages could be 
induced in greater numbers w ith in  7-10 days by  subjecting the 
cultures to  n itrogen defic iency o r by  crossing the six haploid 
strains. Sexual stages were also observed in 1971 and 1974 
isolates subjected to co ld  tem peratures and blue light and in 
crosses subjected to cold tem peratures and blue and green 
light. Gamete pa iring occurred fo r  2 -3  weeks after induction 
and invo lved on ly  5-10%  o f  the to ta l num ber o f cells at a time. 
Sexuality never was observed in the d ip lo id  1953 isolate o r in 
any o f the crosses in vo lv ing  th is  isolate. L ikew ise , sexual 
stages were never observed in the 1978 c lona l stains, although 
they were observed regu larly  in  crosses o f these strains. 
Therefore, P. brevis  is h e te ro tha lia .

Asexual cells (F igure 1) o f  P. brevis  are 30-40 jxm wide and 
10-15 |xm deep. The nucleus measures 6 -9  |_im (Steidinger et 
al. 1978). The isogamous gametes (F igure  2) are rounder and 
s lightly  sm aller (about 18-24 x  24 |xm) than asexual cells.

The cingula o f fus ing pairs are at ob lique angles to each 
other (Figure 2). Cytop lasm ic fus ion precedes nuclear fusion 
(Figure 3). The resu lting p lanozygote (F igure 4) is rounded.
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Figures 1 -4 .  P tychod iscus brevis. 1. Motile, asexual cell. 2. Fusing 
gam etes, note ob lique angle of the  c ingu la  (arrow s). 3. P lanozygote. 
Nuclei (Nu) not ye t fused. 4. Planozygote w ith tw o long itudinal flage lla  
(arrows). C ingu lum  of each gam ete still d istingu ishable . Scale bars =
20 |xm.

w ith  tw o  long itud ina l flagella and a single large nucleus (15 
pm ) and ranges in size from  33 x  37 |xm to  43 x  43 |xm. The 
planozygote is m otile  fo r  several days, but eventua lly settles 
to rotate on the bo ttom  o f  the cu ltu re  dish fo r 1-3 weeks 
before dying.

Unusual hypotheca-hypotheca form s (F igure 5) were ob ­
served in 1974 and 1976 isolates subjected to  lowered sa lin ity  
and several crosses subjected to  cold tem peratures and blue 
light. W hether these fo rm s are the resu lt o f  aberrant asexual 
d iv is ions o r are sexual stages is unknow n.

Possible cysts (F igu re  6) were observed during p re lim ina ry  
experim ents w ith  m u ltip le  crosses and co ld  tem peratures. A  
possible cys t (F igure 7) has also been observed from  a fie ld  
sample from  a m onospecific b loom  collected during continous 
24-h sam pling on a red-tide  cruise in  January 1980. The fie ld 
cyst was observed about 10 h after sunset. In  both cases, the 
cysts were about 30 p.m in diam eter w ith  a th ickened w a ll, 
dense go ld -brow n pigm ented cytop lasm , and a single large 
d inoka ryo tic  nucleus (15 p.m). These cells stand in marked 
contrast to  the th in -w a lle d  rounded form s (F igure 8) com m on­
ly  form ed in stressed o r senescing cultures. The cytop lasm ic 
contents in these fo rm s are degraded w ith  litt le  o r no pigm ent.

Zygo tic  cysts o f  o th e r dinoflagellates have been produced in 
laboratory cu ltu res fo llo w in g  induction  o f sexuality by cold 
tem peratures, n itrogen defic iency, and/or short day lengths 
(Pfiester 1975, 1976, 1977, Pfiester and S kvarla  1979, von 
Stosch 1973, W a lke r and S teid inger 1979). A lthough  m anipu­
la tion o f  these environm enta l parameters produces gametes 
and planozygotes in P . brevis, cyst induction  m ay require 
d iffe rent cond itions. E xperim ents  w ith  P. brevis  po in t to  the 
im portance o f  low ered tem peratures. Endogenous rhythm s 
may also p lay a role (Y en tsch et al. 1980). Physical factors 
may not be effective unless corre lated w ith  the appropria te 
stage o f an endogenous rhythm . The occurrence o f  gametes 
and planogyzotes is seasonal in  cu ltu res and fie ld populations 
o f P. brevis. In  both popu la tions, sexual stages occur on ly  in 
fa ll to  late w in te r. In d u c tio n  in labo ra to ry  cultures at o ther 
times o f the year are ra re ly  successful. Such pe rio d ic ity  m ay 
also con tro l encystm ent.

'unpublished data
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Figures 5 -8 .  P tychod iscus brevis. 5. H ypotheca-hypo theca form . 6. 
Possible induced cyst from  labora to ry cu ltu re . 7. Possib le  cyst from 
field population. 8 . Rounded fo rm  com m on in stressed o r senescing 
cultures. Scale bars =  20 p,m.
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