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ABSTRACT. Blooms of the ci lia te Myrio nec ta ru bra are qui te com mon in Bahía de La Paz. In Ju ne and July
2005 two blooms of this spe cies we re sam pled to de ter mi ne abun dan ce, plank ton bio mass, nu trients,
dis sol ved oxy gen, and tem pe ra tu re. Du ring the bloom in Ju ne, sur fa ce tem pe ra tu re ran ged from 19.0 °C to
19.6 °C and dis sol ved oxy gen from 4.2 mg l-1 to 4.7 mg l-1. Du ring the se cond bloom, sur fa ce tem pe ra tu re
was 24.2 °C and dis sol ved oxy gen was 6.7 mg l-1. At 25 m depth, con di tions we re 20.0 °C and 3.5 mg l-1,
res pec ti vely. At the sur fa ce, nu trients we re low, ex cept for am mo nium (1.14 µM – 2.27 µM). High den si ties of
M. ru bra (2.14 × 106 cells l-1), chlo rophyll a (55.6 µg l-1), chlo rophyll c (6.0 µg l-1), and allo xant hin (8.1 µg l-1)
we re re cor ded. This last pig ment is cha rac te ris tic of the cryptoph yte group, sug ges ting an as so cia tion of the
ci lia te with this al gal group. Winds from the sout heast va ried from 3 to 4.5 m s-1 in Ju ne and 1.7 to 4.8 m s-1 in 
July. The pre sen ce of this bloom un der low ther mal stra ti fi ca tion and with the hig hest den sity of the ci lia tes at
the sur fa ce du ring the on set of the bloom sug gest that sout heas tern winds mi xed the sha llow wa ter co lumn,
brought up nu trients from the bot tom se di ments, and in du ced high con cen tra tions of the cryptoph ytes.
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Proliferaciones de Myrio nec ta ru bra en Bahía de La Paz, Gol fo de Ca li for nia, al ini cio
del ve ra no de 2005

RESUMEN. Las proliferaciones del ci lia do Myrio nec ta ru bra son fre cuen tes en Bahía de la Paz. Du ran te
ju nio y ju lio de 2005 se re gis tra ron dos proliferaciones de es ta es pe cie en tres si tios de es ta bahía. Du ran te
es tos even tos se to ma ron mues tras pa ra de ter mi nar abun dan cia, bio ma sa planc tó ni ca, nu trien tes, oxí ge no
di suel to y tem pe ra tu ra. En ju nio, la tem pe ra tu ra os ci ló en tre 19.0 °C  y 19.6 °C y el oxí ge no en tre 4.7 mg l-1 y
4.2 mg l-1. En ju lio fue de 24.2 °C y 6.7 mg l-1 y dis mi nu yó a 20.0 °C y 3.5 mg l-1 a 25 m de pro fun di dad. Los
nu trien tes fue ron ba jos, sien do úni ca men te al tos los de amo nio en su per fi cie (1.14-2.27 µM). Se
pre sen ta ron va lo res al tos de bio ma sa, ex pre sa da co mo clo ro fi la a (55.6 µg l-1), clo ro fi la c (6.0 µg l-1) y de
alo xan ti na (8.1 µg l-1); es te úl ti mo, es ca rac te rís ti co de crip to fi tas aso cia das con el ci lia do M. ru bra, el cual
al can zó den si da des má xi mas de 2.14 x 106 cé lu las l-1. Los vien tos do mi nan tes de ju nio fue ron del su res te
(3.0 m s-1- 4.5 m s-1) y de 1.7 m s-1- 4.8 m s-1 en ju lio. La dé bil es tra ti fi ca ción y la pre sen cia en su per fi cie de
M. ru bra du ran te la tar de, su gie ren que los vien tos del su res te pro mue ven la mez cla de la columna de agua.
Esto propicia la remoción de nutrientes de los sedimentos hacia la superficie, promoviendo el incremento de 
la abundancia de la criptofita.

Pa la bras cla ve: ci lia dos, pig men tos fo to sin té ti cos, nu trien tes, pro ce sos de mez cla
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INTRODUCTION

The pro to zoan Myrio nec ta ru bra (Loh -
mann, 1908) Jan kows ki, 1976 is a cos mo po li -
tan plank to nic ci lia te (Cloern et al., 1994), and
who se swi ming ca pa city un der ex pe ri men tal
con di tions of up to 8 mm s-1 (Lind holm, 1985;
Craw ford & Pur die, 1992; Fen chel & Han sen,

2006) allows it to ma ke ex ten si ve ver ti cal mi -
gra tions (Rychert, 2004). Although M. ru bra is
a mi xo trop hic spe cies that feeds on phyto -
plank ton and bac te ria (Myung et al., 2006), it
al so has the ca pa city to re tain in ges ted chlo ro -
plasts (Gus taf son et al., 2000) that en han ce
growth ra tes. Re cently, John son et al. (2007)
ob ser ved that the cryptoph yte nu cleus is re tai -

CICIMAR Oceánides, 23(1,2):1-10 (2008)

Fecha de recepción: 20 de Junio, 2008                              Fecha de aceptación:  11 de agosto, 2008



ned in M. ru bra for up to 30 days and remains
trans crip tio nally ac ti ve, per mi ting the tem po -
rary ac cess to the ge ne tic in for ma tion and the
bio che mi cal po ten tial of ot her spe cies. The se
suc cess fully ‘fee ding’ stra te gies per mit for ma -
tion of den se red ti des in many coas tal and up -
we lling zo nes (Ha yes et al., 1989). Blooms of
this spe cies are mo re fre quent in cold and tem -
pe ra te coas tal wa ters, but they are al so pre -
sent in up we lling zo nes, es tua ries, and bays
(Pac kard et al., 1978; Wil kern son & Grun -
seich, 1990; Da ne ri et al., 1992; Cloern et al.,
1994, Gá ra te-Li zá rra ga et al., 2002;  Proen ça;
2004, Bu lit et al., 2004). Se ve ral me cha nisms
of bloom for ma tion ha ve been pro po sed. For
ins tan ce, in up we lling zo nes the com bi na tion
of  mo ve ments of con vec tion and con ver gen ce 
of wa ters, daily mi gra tory pat terns, and nu -
trient en rich ment have been pro po sed (Pac -
kard et al., 1978). In es tua ries, ver ti cal mi gra -
tions are con si de red very im por tant to avoid
the tur bu len ce ge ne ra ted at the sur fa ce la yer
du ring ti dal re flux, the reby ena bling them to
stay in the es tua ries (Craw ford & Pur die, 1992; 
Da ne ri et al., 1992). Other me cha nisms in clu -
de weak mi xing con di tions that per mit fast bio -
mass pro duc tion in the pho tic zo ne and bio -
mass re ten tion on the sur fa ce by pho to ta xia
(Cloern et al., 1994;  Proen ça, 2004).

Se ve ral aut hors ha ve re por ted blooms of
this spe cies in the Gulf of Ca li for nia, par ti cu -
larly in the cen tral part of the Nort hern Gulf,
and from Espí ri tu San to and Ce rral vo Islands
in Bahía de La Paz, du ring win ter-spring (Her -
nán dez-Be ce rril, 1987; Cor tés-Alta mi ra no,
1984; Man rí que & Mo li na, 1997; Gá ra te-Li zá -
rra ga et al., 2001, 2002, 2006). Although
hydro grap hic con di tions we re not re por ted,
high ins ta bi lity of the wa ter co lumn was lin ked
to nort hwes tern winds and up we lling con di -
tions du ring this pe riod (So to-Mar do nes et al.,
1999). The se da ta sug gest that M. ru bra
blooms oc cur un der uns ta ble wa ter co lumn
con di tions. In this study, we des cri be bloom
con di tions of M. ru bra in Bahía de La Paz and
a me cha nism to ex plain their for ma tion.

STUDY AREA

Bahía de La Paz is lo ca ted on the sout -
heas tern coast of the Ba ja Ca li for nia Pe nin su -
la, ap pro xi ma tely 180 km north of the mouth of
the Gulf of Ca li for nia bet ween 24° 06 ’ N and
24° 47’ N, 110° 16’ W and 110° 45’ W (Fig. 1).
The bay has a wa ter ex chan ge with the south -
wes tern part of the Gulf of Ca li for nia. In this zo -
ne the pre sen ce of a cyclo nic gyre in tro du ces
wa ter in to Bahia de La Paz and pro bably re gu -
la tes pri mary pro duc tion in the bay (Mon -
real-Gó mez et al., 2001).  Mi xing is un der the
sea so nal in fluen ce of win ter winds from the
nort hwest from No vem ber through April. Stra -
ti fi ca tion oc curs in spring and sum mer from
May through Octo ber, but it can be in te rrup ted
by south-sout heast winds that, in sha llow
areas not far from sho re, ge ne ra te con vec tion
or up we lling mo ve ments in the sout hern end of 
the bay that re-sus pend nu trients and en rich
the wa ter co lumn (Re yes-Sa li nas, 1999). The
ti dal re gi me is mi xed se mi-diur nal (Obe so-Nie -
blas et al., 1993). Fresh wa ter ru noff is scar ce
(Ji mé nez-Illes cas et al., 1997; Ro bles Gil-Me -
tre, 1998). Du ring the sum mer, sa li nity in crea -
ses from eva po ra tion, high sur fa ce wa ter tem -
pe ra tu res pre vail, and stra ti fied la yers oc cur
when winds do not mix the wa ter co lumn.

MATERIALS AND METHODS

On Ju ne 17 and July 12 of  2005, red ti -
des oc cu rred in Bahía de La Paz (Fig. 1).
These we re sam pled at 0 m and 3 m at sam -
pling sta tions 1 and 2 du ring the Ju ne event
and in sta tion 3  at 0 m, 3 m, 5 m, 10 m, 15 m,
and 25 m du ring the July event. Tem pe ra tu re,
dis sol ved oxy gen (Win kler met hod), and nu -
trients (ni tra tes, ni tri tes, am mo nium, reac ti ve
phosp ho rus, and reac ti ve si li ca) we re mea su -
red, using met hods des cri bed in Stric kland &
Par son (1972). Tem pe ra tu re was mea su red
di rectly with a buc ket ther mo me ter. For nu -
trients, a con ti nuous-flow au to-analy zer (Quik
Chem, Se ries 8000, Mil wau kee, WN, USA)
was used. Pho tosynthe tic pig ments we re
iden ti fied and quan ti fied with HPLC (high-pe -
for man ce li quid chro ma to graphy), ac cor ding
to Vi dus si et al. (1996). Ta xo no mic iden ti fi ca -
tion fo llo wed the work of Las sus (1988) and
Tay lor et al. (1971). Phyto plank ton counts we -
re ma de with an in ver ted mi cros co pe (Zeiss,
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Ger many), using 10-ml se di men ta tion cham -
bers (Has le, 1978).  Wind da ta (speed and di -
rec tion) we re ob tai ned from the au to ma ted
me teo ro lo gi cal sta tion at CIBNOR, ~25 km
west of the bloom area                   
(http://www.cib nor.mx/meteo).

To cha rac te ri ze wa ter co lumn sta bi lity
(July event) a stra ti fi ca tion in dex was cal cu la -
ted as the dif fe ren ce of tem pe ra tu re/m at each
sam pling depth (Bus ti llos-Guz mán et al.,

1995). The va lues of this in dex (D°C m-1) per -
mit ted the de fi ni tion of hydro grap hic con di tions 
as fo llow: in dex va lue < 0.05 in di ca tes mi xing,
>0.05 and <0.2 in di ca tes tran si tion and >0.2
in di ca tes stra ti fi ca tion (Ló pez-Cor tés et al.,
2003).

RESULTS

In Ju ne sur fa ce tem pe ra tu re at Sta tions
E1 and E2 we re 19.0 °C and 19.6 °C; dis sol -
ved oxy gen was 4.7 mg l-1 and 4.2 mg l-1, res -
pec ti vely. Du ring July, both va ria bles in crea -
sed at both sta tions to ~24.2 °C and 6.7 mg l-1

at the sur fa ce. Tem pe ra tu re gra dually de crea -
sed to 20.0 °C at 25 m (Fig. 2 A). Oxygen con -
cen tra tions va ried litt le at the sur fa ce and 15 m 
(5.9 mg l-1) and de crea sed to 3.5 mg l-1 at 25 m
(Fig. 2 B). Low tem pe ra tu res ap pear to be a
ge ne ral fea tu re of deep bay wa ter, as sug ges -

ted by sa te lli te ima ges (Figs. 3 A, B). The ther -
mal stra ti fi ca tion in dex was 0.18 °C m-1, which
in di ca ted one tran si tio nal mi xing-stra ti fi ca tion
sta te. Nu trient con cen tra tions we re re la ti vely
low at the sur fa ce du ring both events. Ni tra te
ran ged from 0.16 µM to 0.82 µM and am mo -
nium from 1.14 µM to 2.27 µM; both de crea sed 
with depth (Figs. 4 A, B). Phosp ha tes ran ged
from 1.12 µM to 1.64 µM at the sur fa ce to 25
m, and  si li ca tes from 8.90 µM to 16.30 µM
from the sur fa ce to 25 m (Figs. 4 C, D).
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Fi gu re 2. Ver ti cal pro fi le of tem pe ra tu re and dis sol ved
oxy gen du ring the Myrio nec ta ru bra bloom of 12 July 2005 

in Bahía de La Paz.

Fi gu re 1. Study area and sam pling sta tions (st.) of Myrio nec ta ru bra blooms.



Sout hern winds do mi na ted du ring both
sam pling pe riods at 3.0 m s-1 – 4.5 m s-1 in Ju -
ne and 1.7m s-1 – 4.8 m s-1 in July (Figs. 5 A, B). 
Abun dan ce of  M. ru bra was 8.62 × 104 cells l-1

in Ju ne and 2.14 × 106 cells in July. Pig ment

sig na tu res sug ges ted the pre sen ce of ot her
phyto plank ton groups (di no fla ge lla tes and dia -
toms), ho we ver they we re not con fir med un der 
the mi cros co pe. Den sity of cryptoph ytes was
of 4.0 × 104 in Ju ne and 6.0 × 104 cells l-1 in
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Fi gu re 3. Sea WiFS ima ges sho wing tem pe ra tu re va ria tions in Bahía de La Paz (A) 17 Ju ne 2005 com po si te ima ge. (B)
12 July 2005 com po si te ima ge. Sea sur fa ce tem pe ra tu re maps we re ob tai ned from the Coast Watch Pro gram, Na tio nal
Ocea nic and Atmosp he ric Admi nis tra tion.



July. Both ci lia tes and cryptoph ytes de crea sed 
sharply with depth (Fig. 6). Pig ment analy ses
sho wed mainly chlo rophyll a and allo xant hin.
This ca ro te noid is a cha rac te ris tic pig ment for
cryptoph ytes (Jef frey & Vesk, 1997). At the
sur fa ce of Sta tion E1, chlo rophyll a was 38.6
µg l-1, 22.2 µg l-1 at E2, and 55.6 µg l-1 at E3.
Allo xant hin con cen tra tions we re 5.7, 3.1, and
8.1 µg l-1 at Sta tions E1, E2, and E3, res pec ti -
vely. The pig ment pro fi le at Sta tion E3 was hig -
hest at the sur fa ce (55.6 µg-Chl a l-1), no ti -
ciably de crea sed at 3 m (2.9 µg Chl a l-1), and
de cli ned furt her at 25 m (1.1 µg-Chl a l-1) (Fig.
7 A). A si mi lar pro fi le pat tern oc cu rred for allo -
xant hin (Fig. 7 B). Va lues of ot her pig ments,
such as pe ri di nin and fu co xant hin, we re very
low (<0.08 µg l-1), sug ges ting that di no fla ge lla -
tes and dia toms we re un com mon.

DISCUSSION

The ci lia te Myrio nec ta ru bra in ha bits wa -
ters with tem pe ra tu res ran ging from 2.0 °C to
32.0 °C and sa li ni ties ran ging from 4.0 psu to
35.0 psu (Tay lor et al., 1971; Bu lit et al., 2004)
and has a mi xo trop hic diet (Gus taf son et al.,
2000; John son & Stoec ker, 2005). In our area,
blooms oc cur from the be gin ning of win ter
(De cem ber-Ja nuary), coin ci ding with coas tal
up we lling (Gá ra te-Li zá rra ga et al., 2001,
2006) to the end of Ju ne. In ot her re gions of
the Gulf of Ca li for nia, blooms ha ve al so been
re cor ded du ring up we lling events (Gá ra te-Li -
zá rra ga et al., 2001, 2002) in wa ters whe re
tem pe ra tu re and sa li nity ran ged from 20.3 °C
to 23.2 °C and 34.7 psu to 35.2 psu. Our re -
cords of sur fa ce tem pe ra tu re are si mi lar to
events in ot her pla ces. Ho we ver, blooms oc -
cur du ring the early-sum mer when the wa ter
co lumn is at least par tially mi xed (stra ti fi ca tion
in dex = 0.18 °C m-1) and tem pe ra tu res are re -
la ti vely low. For ins tan ce, Re yes-Sa li nas
(1999) re cor ded SST of 27 °C to 28 °C de crea -
sing to 25 °C at 25 m - 30 m for the sa me area
and months. At our sta tions, the wa ter co lumn
was re la ti vely cold, pro bably cau sed by up we -
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Fi gu re 4. Ver ti cal pro fi le of nu trients (N-NO3 - , N-NH4
+,

P-PO4
 -3, S-SiO2

 -) du ring the Myrio nec ta ru bra bloom in
Bahía de La Paz.

Fi gu re 5. Speed and di rec tion of wind du ring the Myrio -
nec ta ru bra bloom in Bahía de La Paz.



lling in the bay. The se short-term events ha ve
been re cor ded du ring sum mer (Gra na -
dos-Guz mán & Álva rez-Bo rre go, 1984; Ló -
pez-Cor tés et al., 2006; Gá ra te-Li zá rra ga et
al., 2007), ge ne ra ted by steady sout heas tern
winds (Ro den, 1964; La vin et al., 1997). Sa te -
lli te ima ges show areas of the sout heas tern
bay with low tem pe ra tu res (Figs. 3A, B), which
is sup por ti ve evi den ce of upwelling.

So me stu dies ha ve de mons tra ted that
when cryptoph yte po pu la tions in crea se, M. ru -
bra se ques ters mo re cryptoph yte chlo ro plasts, 
which in crea ses po pu la tion growth of the ci lia -
te (Gus taf son et al., 2000; Yih et al., 2004;
John son & Stoec ker, 2005). Allo xant hin ca ro -
te noid is do mi nant in both kinds of or ga nisms
and their con cen tra tion va ries with the den sity
of M. ru bra, which strongly sug gests that
cryptoph ytes are the main food sour ce.

Our fin dings show high con cen tra tions of
cryptoph ytes, mainly in sha llow wa ters at con -
cen tra tions of 6.0 × 104 cells l-1, so it is plau si -
ble that the cryptoph ytes sti mu la te blooms of
M. ru bra. Low va lues of allo xant hi ne (<0.5 µg
l–1) ha ve been re por ted du ring the phyto plank -
ton spring blooms in the cen tral North Sea
(Gies kes & Kraay, 1983). Si mi lar va lues ha ve
al so been re cor ded in an oli go trop hic eas tern
Adria tic es tuary (Vi li cie et al., 2008). We found
si mi lar va lues of allo xant hi ne (0.11–0.48 µg
l–1). The hig hest va lue (8.12 µg l–1) was due to
the con tri bu tion of cryptoph yta, as well as the
chlo ro plast of cryptoph yta in si de M. ru bra. 

High wind speeds (up to 4.8 m s-1) pro -
bably pro vo ked the mi xing of the wa ter co -
lumn, but ap pa rently the winds we re not suf fi -
ciently strong to re du ce the mo ve ment of M.
ru bra to wards the sur fa ce. This seems to be a
com mon con di tion. For exam ple, in the Gulf of
Na ples, Italy, high con cen tra tions of M. ru bra
(16.4 × 104 cells l-1) in Ju ne, im me dia tely af ter
a ma jor mi xing event from a storm in May, the
sea so nal ther mo cli ne of the wa ter co lumn was 
par tially ero ded (Mo digh, 2001).

Nu trients seem to ha ve an im por tant ro le
in the for ma tion and main te nan ce of M. ru bra
blooms. Pac kard et al. (1978) sho wed that af -
ter re la xa tion of up we lling in the Ba ja Ca li for -
nia, the re was en rich ment by phosp ha te (1.5
µM ± 0.3 µM), si li ca te (15.9 µM ± 0.6 µM), and
ni tra te (9.9 µM ± 3.4 µM), which coin ci ded with
blooms of M. ru bra. Inte res tingly, am mo nium
re mai ned cons tant with or wit hout the pre sen -
ce of M. ru bra. In an area of up we lling in Pe ru,
ni tra te le vels we re low, but am mo nium, phosp -
ha te, and si li ca te re mai ned un chan ged, with or 
wit hout the pre sen ce of M. ru bra (Wil ker son &
Grun seich, 1990). In that area, ni tra te con tents 
we re low in sha llow wa ters in ha bi ted by the ci -
lia te be cau se of its ca pa city to ta ke up ni tra tes
du ring the day and am mo nium at night. The se
physio lo gi cal cha rac te ris tics sup port mas si ve
blooms. Con di tions du ring our study in clu ded
a re la ti vely mi xed wa ter co lumn, low con cen -
tra tions of ni tra te to depths of 25 m, and high
con cen tra tions of am mo nium near the sur fa -
ce, which coin ci ded with the hig hest con cen -
tra tion of M. ru bra at the sur fa ce. This sug ges -
ted up ward mi gra tion of the ci lia tes du ring the
day, a fee ding ac ti vity that de ple ted ni tra te
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Fi gu re 6. Ver ti cal pro fi le of con cen tra tions of Myrio nec ta
ru bra (A) and cryptoph ytes (B) du ring the M. ru bra bloom
in Bahía de La Paz. Note cell con cen tra tion is in lo ga rithm
sca le.

Fi gu re 7. Ver ti cal pro fi le of concen tra tions of: chlo rophyll
a (A) and allo xant hi ne (B) du ring the Myrio nec ta ru bra
bloom in Bahía de La Paz.



from the top of the wa ter co lumn, by the ac ti vity 
of cryptoph ytes, and se ques te red chlo ro plast
by ci lia tes.

In sum mary, M. ru bra blooms du ring the
sum mer are the re sult of sout heas tern winds
mi xing the wa ter co lumn, re-sus pen sion of nu -
trients in to the eup ho tic zo ne, de crea sing of
the se winds and mi gra tion of M. ru bra to the
sur fa ce, up ta ke of the re-sus pen ded nu trients,
and ra pid growth that ge ne ra tes lar ge po pu la -
tions and bio mass over re la ti vely short pe riods 
(Cor tés-Alta mi ra no et al., 2004).
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