
EFFECT OF DIA TOM AND DI NO FLA GE LLA TE DIETS ON 
EGG PRO DUC TION AND IN GES TION RA TE OF Cen tro pa ges fur ca tus

(CO PE PO DA: CA LA NOI DA) FROM A SUB TRO PI CAL BAY 
(BAHÍA DE LA PAZ, GULF OF CA LI FOR NIA)

Band-Schmidt, C. J.1,a, R. Pa che co-Chá vez1, L. Ca rreón-Pa lau2, J.  A. Del
Ángel-Ro drí guez2 & S. Her nán dez-Tru ji llo1,a

1De par ta men to de Planc ton y Eco lo gía Ma ri na. Cen tro Inter dis ci pli na rio de Cien cias Ma ri nas
(CICIMAR-IPN), Apdo. Pos tal 592, La Paz, B.C.S. 23000, Me xi co. Tel.: +52-612-122-5344 /
+52-612-123-0350, ext 82434 Fax: +52-612-122-5322. 2 La bo ra to rio de Bio tec no lo gía de Mi croal gas,
Cen tro de Inves ti ga cio nes Bio ló gi cas del Nor oeste (CIBNOR), Apdo. Pos tal 128, La Paz, B.C.S. 23000,
Mexico. a EDI and COFAA re ci pients. email: cbands@ipn.mx. 

ABSTRACT. This study ex pe ri men tally de ter mi ned the ro le of lo cal dia tom and di no fla ge lla te diets and their

fatty acid com po si tion on the sur vi val, in ges tion, and egg pro duc tion ra tes of the co pe pod Cen tro pa ges

fur ca tus from Bahía de La Paz. The fatty acid pro fi les of the dia toms Odontella longicruris and Chaetoceros

sp., and of the di no fla ge lla tes Scripp sie lla sp., Gyro di nium sp., and Pro ro cen trum mi cans we re de ter mi ned.

After in cu ba ting at 24 °C in dark ness du ring 24 h, sur vi val wit hin all phyto plank ton diets was > 90%.

Di no fla ge lla te diets pro vi ded hig her egg pro duc tion (>25 eggs fe ma le-1 day-1) than dia tom diets (<10 eggs

fe ma le-1 day-1). No sig ni fi cant dif fe ren ces we re ob ser ved in the in ges tion ra tes when fed di no fla ge lla tes or

dia toms, which va ried bet ween 400 and 900 ng C co pe pod-1 h-1. Hig her egg pro duc tion with di no fla ge lla te

diets sug gests bet ter food qua lity, which may be at tri bu ted to hig her pro por tions of the fatty acids 18:4 (n-3)

and 22:6 (n-3). The se re sults sug gest that when C. fur ca tus pre do mi nantly gra ze on di no fla ge lla tes egg

pro duc tion will in crea se. Hig her abun dan ces of di no fla ge lla tes in the La Paz bay could be cou pled with

hig her egg pro duc tion of the co pe pod C. furcatus.

Keywords: Cen tro pa ges fur ca tus, egg pro duc tion, fatty acids, Bahía de La Paz,
phyto plank ton. 

Efecto de dietas con diatomeas y dinoflagelados en la producción de huevos y tasas de 
ingestión de Centropages furcatus (Copepoda:Clanoidea) de una bahía subtropical

(Bahía de La Paz, Golfo de California)

RESUMEN. El objetivo del presente trabajo fue estimar bajo condiciones de laboratorio el efecto de dietas

de diatomeas y dinoflagelados en las tasas de sobrevivencia, in gestión y producción de huevos del

copépodo Centropages furcatus recolectado en la Bahía de La Paz. Se determinó el perfil de ácidos grasos

de las diatomeas  Odontella longicruris y Chaetoceros sp. y de los dinoflagelados Scrippsiella sp.,

Gyrodinium sp. y Prorocentrum micans, suministrados como alimento a C. furcatus. Después de incubar a

24 °C en oscuridad du rante 24 h, la sobrevivencia de las hembras en todas las dietas fue > 90%. Las dietas

de dinoflagelados favorecieron una mayor producción de huevos (>25 huevos hembra-1 día-1) con re specto

a las diatomeas (<10 huevos hembra-1 día-1). No se observaron diferencias significativas en las tasas de

ingesta al alimentarse con dinoflagelados o diatomeas, que variaron en tre 400 y 900 ng C copépodos-1 h-1.

Se obtuvo una mayor producción de huevos al utilizar dinoflagelados como alimento, sugiriendo una mayor

calidad nutricional que se pudiera atribuir en parte a la mayor proporción de los ácidos grasos 18:4 (n-3) y

22:6 (n-3). Es posible que una mayor abundancia de dinoflagelados en la Bahía de La Paz pudieran

relacionarse con una mayor producción de huevos de C. furcatus.

Pa la bras cla ve: Cen tro pa ges fur ca tus, pro duc ción de hue vos, áci dos gra sos, Bahía de 
La Paz, fitoplancton. 
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INTRODUCTION

The re is of ten a clear func tio nal re la tions -
hip bet ween an nual cycles of zoo plank ton and
phyto plank ton pro duc ti vity. In ge ne ral, in po lar
and tem pe ra te ecosy stems, the for mer lags
the se cond by two months, ap pro xi ma tely but
the re are dif fe rent cycles in dif fe rent la ti tu des
(Fer nán dez-Ála mo & Färber-Lor da, 2006).
The re is only one an nual peak of phyto plank -
ton and zoo plank ton stocks in po lar oceans,
due to the brief pe riod of light, whi le in the
North Atlan tic and ot her tem pe ra te wa ters the -
re are typi cally two peaks in the an nual cycle,
one du ring spring and a sma ller one du ring au -
tumn (Fer nán dez-Ála mo & Färber-Lor da,
2006). In tro pi cal and sub tro pi cal la ti tu des,
the re are not al ways such ob vious sea so nal
chan ges, but a suc ces sion of small pul ses of
in crea ses and de crea ses in phyto plank ton and 
zoo plank ton stocks, lar gely mo du la ted by lo cal 
weat her con di tions and the mo ve ment of wa ter 
mas ses (Sour nia, 1969).

Most of the stu dies on egg pro duc tion and
in ges tion ra tes in co pe pods are res tric ted to
tem pe ra te ecosy stems. Se ve ral stu dies ha ve
de mons tra ted co rre la tions bet ween co pe pod
pro duc tion and food qua lity and quan tity (Ro -
man, 1984; Klep pel, 1993), which ul ti ma tely
af fect pro duc tion at hig her trop hic le vels
(Smith & Eppley, 1982, in Klep pel 1993). 

Re cently the nu tri tio nal va lue of dia toms
for co pe pods has been cha llen ged sin ce high
in ges tion ra tes are fre quently fo llo wed by low
egg pro duc tion and hat ching suc cess ra tes, in -
clu ding ab nor mal eggs and nau plii (Pou let et
al., 1994; Laa bir et al., 1995; Hyung-Ku & Pou -
let, 2000). Other stu dies de mons tra ted that so -
me dia tom spe cies pro du ce to xic, un sa tu ra ted
al dehy des that af fect nor mal em bryo ge ne sis
(Poh nert et al., 2002; Ce ba llos & Ia no ra, 2003) 
or de form nau plii (Ia no ra et al., 2004). In se ve -
ral ecosy stems di no fla ge lla tes spe cies are a
ma jor com po nent of co pe pod diets (Klep pel et
al., 1991; Cot to nec et al., 2001), but their ro le
has been ra rely quan ti fied and seems to de -
pend upon the co pe pod spe cies un der study
(Mo rey-Gai nes, 1982) and the nu tri ti ve va lue
of di no fla ge lla tes (Cot to nec et al., 2001).

Par ti cu lar re la tions hips ha ve been found
bet ween pol yun sa tu ra ted fatty acids (PUFA)
and zoo plank ton growth and egg pro duc tion,
par ti cu larly 20:5 (n-3) (ei co sa pen tae noic acid,
EPA) and 22:6 (n-3) (do co sahe xa neoic acid,
DHA) (Jó nas dót tir, 1994; Mü ller-Na va rra et al., 

2000; Ander son & Pond, 2000). Spe ci fic fatty
acid re qui re ments for egg pro duc tion oc cur in
dif fe rent Acar tia spe cies (Jó nas dót tir, 1994).
Dia toms are typi cally rich in EPA, but de fi cient
in DHA, whe reas di no fla ge lla tes con tain high
DHA and low EPA (Ander son & Pond, 2000).
Se ve ral stu dies ha ve de mons tra ted that egg
pro duc tion ra tes in co pe pods in po lar and tem -
pe ra te ecosy stems can be a bio lo gi cal in dex to 
es ti ma te fee ding con di tions of fe ma les (Dagg,
1977; Saiz et al., 1993), but few stu dies ha ve
been do ne in sub tro pi cal zo nes to sup port this
hypot he sis.

Co pe pod secon dary pro duc tion has been
ex ten si vely stu died (Run ge & Roff, 2000).
Plank to nic co pe pods play a key ro le in the
trans fer of ma te rial and energy bet ween pri -
mary pro du cers and hig her trop hic le vels (Co -
ton nec et al., 2001; Hirst & Bun ker, 2003). To
as sess se con dary pro duc tion of co pe pods in
na tu ral ha bi tats, whe re se ve ral en vi ron men tal
fac tors ha ve in fluen ce, the ef fect of each en vi -
ron men tal fac tor should be stu died in de pen -
dently main tai ning the rest of the va ria bles
cons tant (Shin et al., 2003). Se ve ral stu dies
ha ve al ready con si de red the se as pects in dif -
fe rent co pe pod spe cies of Ca la nus, Te mo ra, 
and Acar tia (Mauch li ne, 1998). Although Cen -
tro pa ges fur ca tus Da na 1894 is nu me ri cally
abun dant in coas tal wa ters of sub tro pi cal re -
gions, such has Bahía de La Paz (Pa lo ma -
res-Gar cía, 1996; La va nie gos & Gon zá -
lez-Na va rro, 1999). Gó mez-Gutié rrez et al.
(1999) whe re the first in es ti mate the egg pro -
duc tion of C. fur ca tus but few stu dies ha ve
dealt with this spe cies.

The de ter mi na tion of gra zing ra tes and
egg pro duc tion of co pe pods fed with dif fe rent
lo cal phyto plank ton spe cies can allow a bet ter
un ders tan ding of the en vi ron men tal fac tors
that de fi ne the eco lo gi cal ni ches of the co pe -
pods, lea ding the way to a des crip tion of en vi -
ron men tal con trols on com mu nity com po si tion 
and on food web struc tu re. This can not be at -
tai ned ea sily from field stu dies and re qui res
ex pe ri men tal la bo ra tory de sig ned stu dies to
test such trop hic ef fects. 

The goal of this study was to de ter mi ne the 
ro le of di no fla ge lla te and dia tom diets iso la ted
from Bahía de La Paz and their fatty acid com -
po si tion, on sur vi val, in ges tion ra te, and egg
pro duc tion of the tro pi cal co pe pod C. fur ca tus
co llec ted in Bahía de La Paz, un der la bo ra tory
con di tions.
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MA TE RIALS AND MET HODS

Cul tu res of Odon te lla lon gi cru ris (Gre vi lle)
Ho ban 1983, Chae to ce ros sp., and Pro ro cen -
trum mi cans Ehren berg 1833 co llec ted from
Bahía de La Paz, lo ca ted on the wes tern si de
of the Gulf of Ca li for nia and Scripp sie lla sp.
and Gyro di nium sp. co llec ted from Bahía de
To po lo bam po on the eas tern si de of the Gulf
of Ca li for nia we re clo ned un der la bo ra tory
con di tions (Ta ble 1, Fig. 1). Ve ge ta ti ve cells of
the se spe cies we re co llec ted by ver ti cal tows
with a 20-µm phyto plank ton net. The phyto -
plank ton was sie ved through a 60-µm mesh
screen to eli mi na te lar ger or ga nisms. It was
then pla ced in a 250-mL cul tu re con tai ner fi lled 
with fil te red sea wa ter. In the la bo ra tory, phyto -
plank ton ve ge ta ti ve cells we re iso la ted with
mi cro-pi pet tes un der an in ver ted mi cros co pe.
Sin gle cells and chains we re trans fe rred to
96-well pla tes with mo di fied f/2 me dium
(Ander son et al., 1984) and main tai ned at 24 ±
1°C with 150 µE m-2 s over head illu mi na tion
sup plied with cool-whi te fluo res cent lights.

Cul tu re me dia we re pre pa red with sea wa -
ter ob tai ned from the Ense na da de La Paz, a
la goon lo ca ted at the sout hern part of Bahía de 
La Paz. Sea wa ter was fil te red through GF/F fil -
ters and ste ri li zed in an au to cla ve at 121 °C
and 1.1 kg cm-2 for 20 min. Cul tu res from wells
we re trans fe rred to 50-mL cul tu re tu bes for
main tai ning the strains.

Di no fla ge lla te strains whe re grown in mo -
di fied f/2 me dium (Ander son et al., 1984) and
si li ca was ad ded for dia tom strains. Batch cul -
tu res whe re cul ti va ted in 1-L poly car bo na te

vials and main tai ned un der tem pe ra tu re and
light con di tions des cri bed pre viously.

Phyto plank ton car bon con tent was es ti -
ma ted from cell vo lu me, ba sed on length and
width mea su re ments of 30 cells from each
strain (Strath mann, 1967) (Ta ble 1).

Co pe pods we re co llec ted from Bahía de
La Paz near the sur fa ce with a 333-µm plank -
ton mesh net (Fig. 1). Plank ton sam ples we re
trans fe rred to the la bo ra tory in ice bo xes fi lled
with in si tu sur fa ce sea wa ter. In the la bo ra tory, 
adult fe ma les of C. fur ca tus where se pa ra ted
ma nually using a ste reos co pic mi cros co pe
and ac cli ma ted for two hours in fil te red sea wa -
ter at 24 °C and sa li nity of ~35 psu. Addi tio -
nally 80 adult fe ma les of C. fur ca tus we re  se -
pa ra ted, sto red at -20 ºC for analysis of fatty
acids.

For each phyto plank ton diet tes ted, 30
adult fe ma les we re trans fe rred to 1 L plas tic
flasks with 500-mL fil te red sea wa ter pas sed
through GF/F fil ters and in cu ba ted in dark ness 
at a tem pe ra tu re of 24 °C, sa li nity of 35 psu du -
ring 24 h. The re we re three re pli ca tes of each
treat ment wit hin each trial. To de ter mi ne the
phyto plank ton growth ra te, two flasks wit hout
co pe pods where in cu ba ted un der pre viously
des cri bed con di tions. At the be gin ning and the
end of each trial, two mL sub sam ples of phyto -
plank ton where fi xed in Lu gol´s io di ne so lu tion
(Thrond sen, 1978). At least 400 cells whe re
coun ted on 1 mL Sedg wick-Raf ter coun ting sli -
des. Cell den sity was used to cal cu la te ex po -
nen tial growth ra tes ac cor ding to Gui llard
(1973) and fe ma le in ges tion ra tes ac cor ding to 
the equa tion of Frost (1972): I = ([V×g]/N) × C,
g = (ln(Ci) – ln(Cf))/(t + k), whe re, V = vo lu me
of cell sus pen sion in each flask (mL), g = gra -
zing coef fi cient, N = num ber of co pe pods in
each flask, C = cell con cen tra tion (cells mL-1),
Ci = ini tial cell con cen tra tion (cells mL-1), Cf =
fi nal cell con cen tra tion (cells mL-1),  t = ti me (h), 
and k = phyto plank ton growth ra te h-1. Co pe -
pods in cu ba ted in fil te red sea wa ter wit hout
phyto plank ton re pre sen ted the ini tial re pro -
duc ti ve con di tion of females.

After in cu ba tion for 24 h, 30 adult fe ma les
in each bott le we re gently se pa ra ted through a
200-µm mesh screen and eggs and nau plii
we re co llec ted in a 50-µm mesh screen. Sur vi -
ving fe ma les, eggs, and nau plii whe re coun -
ted. Sur viving fe ma les we re poo led to com ple -
te at least 1mg of dry bio mass for fatty acid
analy sis.
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Figure 1. Lo ca tion of Bahía de La Paz (B.P) and Bahía To -
po lo bam po (B.T.) on op po si te si des of the Gulf of Ca li for -
nia.



Dry bio mass of mi croal gae and co pe pods
we re ob tai ned by cen tri fu ga tion and was hed
with 0.5 M am mo nium for ma te be fo re lyop hi li -
za tion (Vir tis, SL, Gar di ner, NY). Extrac tion
and met ha noly sis of fatty acids whe re ca rried
out by di rect trans-es te ri fi ca tion (Le pa ge &
Roy, 1984, 1986; Bar nung & Grahl-Niel sen,
1987). Sam ples we re pla ced in thick-wa lled
glass tu bes ad ding 500 mL dry met ha no lic HCl, 
2 N (Su pel co, Be lle fon te, PA) tightly clo sed
with te flon-li ned caps, so ni ca ted for 20 min
and hea ted at 90 ºC for 2 h in a wa ter bath
(Ter lab, Gua da la ja ra, Me xi co). Excess of
hydroch lo ric acid was re mo ved un der a ni tro -
gen stream. The re mai ning so lu tion was mi xed 
with 4 mL he xa ne and 0.5 mL dis ti lled wa ter,
mi xed for 1 min with a vor tex and cen tri fu ged
for 5 min at 10°C at 2000 g. The upper pha se
of he xa ne with fatty acids was se pa ra ted and
10 mL of buth yla ted hydroxy to lue ne (BHT 1%)
was ad ded to pre vent oxi da tion.

Methyl es ters we re analy zed by gas chro -
ma to graphy with a 30 m × 0.25 mm fu sed si li ca 
ca pi llary co lumn (Ome ga wax, Su pel co, Be lle -
fon te, PA), with pol yeth yle ne glycol as the sta -
tio nary pha se with a thick ness of 0.25 mm and
he lium as the ca rrier gas. The co lumn was
moun ted in a gas chro ma to graph cou pled to a
mass spec tro me ter de tec tor (GCD 1800B,
Hew lett-Pac kard, Pa lo Alto, CA). 

The chro ma to grap hic con di tions we re: he -
lium flow of 0.9 mL min-1 and in jec tor tem pe ra -
tu re 250 °C. After in jec tion, the tem pe ra tu re of
the co lumn was sub jec ted to the fo llo wing se -
quen ce: 110°C for three min, in crea sed to 165
°C at a ra te of 30 °C min-1, main tai ned at 165
°C for two min, in crea sed to 209 °C at a ra te of
2.2 °C min-1, and main tai ned at 220 °C for 35
min. The de tec tor tem pe ra tu re was set at 260
°C and the ion sour ce was set at 70 eV.

Fatty acid iden ti fi ca tion was ba sed on the
in ter pre tation of their mass spec tra and com -
pared with the mass spec tra ge ne ra ted from
com mer cial stan dards of 30 fatty acid methyl
es ters (FAMEs) com monly re por ted in ma ri ne
or ga nisms (Sig ma, St. Louis, USA). When
fatty acid iso mers whe re found, re ten tion ti me
of at least one of the iso mers in com mer cial
stan dards allo wed dou ble bond po si tio ning of
the ot her iso mers be cau se the iso mers with
dou ble bonds clo ser to the es ter group elu te
ear lier than iso mers with mo re re mo te dou ble
bonds. Dif fe ren ces among fatty acid de tec tor
res pon ses we re cal cu la ted by plot ting fi ve dif -
fe rent con cen tra tions of FAMEs, ran ging from
20 to 100 µg mL-1 on the x-axis against their
peak areas on the y-axis. Sim ple li near regres -
sion mo dels of each plot es ti ma ted the res pon -
se fac tor for each fatty acid, and its con cen tra -
tion (ng/µg DW-dry weight) was cal cu la ted
with the for mu la: Fi=[(Ai/Ri) × V]/DW whe re, Fi

= con cen tra tion of each fatty acid (ng µg
DW-1); Ai = peak area of each fatty acid (area
units); Ri = res pon se fac tor of each fatty acid
(area units × µL µg-1); V = he xa ne vo lu me of
sam ple (µL); and DW = sam ple’s dry weight
(µg). Fatty acid per cen ta ges we re furt her cal -
cu la ted as Fi × 100 /S Fi for each sam ple.

Car bon in ges tion ra tes (ng C co pe pod-1

h-1) we re trans for med to daily dry mass in ges -
tion ra tes (µg DW co pe pod-1 day-1) as fo llow:
DW = [100 × Ic × 24] / [{(P*CP)+ (L*CL)+
(C*CC)}/100], whe re, Ic = car bon in ges tion ra te, 
P = pro tein, L = li pid, C = car bohy dra te per cen -
ta ges of dia toms (Rive ro-Ro drí guez et al.,
2007) and di no fla ge lla tes (Ca bell & Ala ta lo,
1992), and CP, CL,  and CC = the re la ti ve car bon 
con tent in pro teins (53.06 %), li pids ( 77.63 %), 
and car bohy dra tes (44.44 %) res pec ti vely
(Pos tel et al., 2000). 
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Phyto plank ton diets Iso la tion 
da te

Sour ce
  Cell 
vo lu me
  (µm

3
)

  Car bon 
  con tent
 (pg cell

-1
)

Ini tial 
con cen tra tion 

(µg C L
-1

)

   Sur vi val 
(%)

Odon te lla lon gi cru ris Fe bruary, 2004 Bahía de 
La Paz   18,536 650 1000 91.8 ± 2.1

Chae to ce ros sp.  31 650 1000 90.1 ± 10

Scripp sie lla sp. No vem ber, 2004 Bahía de
 To po lo bam po     2,478 352 1000 96.9 ± 4.4

Gyro di nium sp.     486   83   400  100 ± 0

Pro ro cen trum mi cans May, 2004 Bahía de 
La Paz 6,898 873   800  100 ± 0

No food (con trol)                                        97.2 ± 3.0

Ta ble 1. Iso la tion da te, geo grap hi cal ori gin, cell vo lu me, car bon con tent, and ini tial car bon con cen tra tion of dif fe rent
phyto plank ton, and sur vi val out co me of the co pe pod Cen tro pa ges fur ca tus fed a diet com po sed of each phyto plank ton
spe cies



Daily fatty-acid in ges tion ra te of C. fur ca -
tus fed with dia tom or di no fla ge lla te diets (ng
co pe pod-1 day-1) was cal cu la ted by mul tipl ying
the amount of each fatty acid on each phyto -
plank ton diet (ng µg DW-1) with the daily dry
mass in ges tion ra tes.

The per cen ta ge of the fatty acid con cen -
tra tion da ta we re arc si ne-trans for med, and the 
in ges tion and egg pro duc tion ra tes we re
log-trans for med prior to sta tis ti cal analy ses. A
one-way ANOVA test was ap plied (p < 0.05),
fo llo wed by  Tu key's post hoc analy ses. The
re la ti ve con tri bu tion of each fatty acid to the
ove rall fatty acid com po si tion bet ween dia -
toms and di no fla ge lla tes diets and com po si -
tion of co pe pods whe re analy zed using a clus -
ter analy sis tech ni que es ti ma ted with sin gle
lin ka ge and Eu cli dean dis tan ce. Sta tis ti cal
analy ses we re per for med with Sta tis ti ca v.6
soft wa re (Stat Soft).

RE SULTS

Cha rac te ris tics of phyto plank ton diets:
Iso la tion da te, sour ce, cell vo lu me, and car bon 
con tent of phyto plank ton diets are pre sen ted
in Ta ble 1. Spe cies vo lu me va ried from 31 to
18536 µm3. Ini tial car bon con cen tra tion ran -
ged from 400 to 1000 µg C L-1.

After 24 h in cu ba tion, no sig ni fi cant dif fe -
ren ces we re de tec ted in the sur vi val of adult
fe ma les of C. fur ca tus. Sur vi val ra tes with the
dif fe rent phyto plank ton diets was >90.1% (Ta -
ble 1). When C. fur ca tus was fed Gyro di nium
sp. and P. mi cans no mor ta lity was ob ser ved.
Wit hout food (con trol) sur vi val of C. fur ca tus
was al so high (97.2%).

Egg pro duc tion ra tes in C. fur ca tus was
dif fe rent with each unial gal diet (Fig. 2). Sig ni fi -
cantly hig her egg pro duc tion ra tes we re found
in di no fla ge lla te diets (>30 eggs fe ma le-1 day-1)
with the ex cep tion of the Scripp sie lla sp. ba sed
diet. When C. fur ca tus we re fed dia toms, egg
pro duc tion ra tes were be low 10 eggs fe ma le-1

day-1. No sig ni fi cant dif fe ren ces we re ob ser -
ved in the in ges tion ra tes in C. fur ca tus when
fed di no fla ge lla tes or dia toms (Fig. 2). Inges -
tion ra tes va ried bet ween 400 and 900 ng C
co pe pod-1 h-1.

Fatty acid com po si tion of C. fur ca tus fe ma -
les and their dif fe rent phyto plank ton diets are
shown in Ta ble 2 and Fi gu re 3. Com mon fatty
acids in all sam ples we re 14:0, 16:0, 18:0, 18:1 
(n-9), 18:1 (n-7), 18:2 (n-6), 18:4 (n-3), 20:5
(n-3) (ex cept in Gyro di nium sp.), and 22:6
(n-3). So me sa tu ra ted and mo noun sa tu ra ted
fatty acids ob ser ved in C. fur ca tus we re not
pre sent in each phyto plank ton diet, such as
iso 18:0, 19:0, 17:0, 17:1, an te iso 17:0, an te
iso 16:0, 20:1 (n-9), 22:1 (n-9), and 23:0. Hig -
her 16:1 (n-7)/C18 PUFA and 20:5 (n-3)/22:6
(n-3) ra tios, and C16 PUFAs we re com mon in
dia tom diets, whe reas high pro por tions of C18
PUFA and 22:6 (n-3) we re com mon in di no fla -
ge lla te diets.

The bio mass and fatty acid con sump tion
per day in di ca te that when fe ma les of C. fur ca -
tus are fed with dia toms, the in ges tion ra te is
hig her (Fig. 4a). The in ges tion of pol yun sa tu -
ra ted fatty acids (PUFA), mo noun sa tu ra ted
fatty acids (MUFA), and sa tu ra ted fatty acids
(SFA) va ries bet ween each diet of fe red. Ho -
we ver, the pro por tion of DHA is hig her with di -
no fla ge lla te diets (Fig. 4b).
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Grea ter si mi la ri ties bet ween the fatty acid
pro fi les of C. fur ca tus co llec ted from the field
and di no fla ge lla te diets were con fir med by
clus ter analy sis (Fig. 5). C. fur ca tus, Gyro di -
nium sp., and Scripp sie lla sp. we re grou ped at
a Eu cli dean dis tan ce of 23, whe reas P. mi cans 
was grou ped at a Eu cli dean dis tan ce of 24.

The dia toms Chae to ce ros sp. and O. lon gi cru -
ris for med a se pa ra ted group at a Eu cli dean
dis tan ce of 37 from C. fur ca tus.

DIS CUS SION

Under our in cu ba tion con di tions dif fe rent
phyto plank ton diets (dia toms vs. di no fla ge lla -
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Figure. 3. Fatty acid pro fi le (%) of dia tom and di no fla ge llate diets.
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tes) did not af fect sur vi val nor in ges tion ra tes
of the co pe pod C. fur ca tus. Ho we ver, di no fla -
ge lla te diets fa vo red hig her egg pro duc tion ra -
tes (>25 eggs fe ma le-1 day-1) than dia tom diets
(<10 eggs fe ma le-1 day-1), this could be ex plai -
ned in part by the hig her in ges tion of DHA with
di no fla ge lla te diets. 

The sur vi val of C. fur ca tus was not af fec -
ted when fed with Gyro di nium sp.; in con trast,
Acar tia lill je bor gii Gies brecht 1889 and A.
clau si Gies brecht 1892 from Bahía de La Paz,
had lo wer sur vi val ra tes, 89.6 and 44.5%,
when fed with Gyro di nium sp. (Band-Schmidt
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           DIATOMS DINOFLAGELLATES

FAME C. fur ca tus Chae to ce ros sp. O. lon gi cru ris P. mi cans Scripp sie lla sp. Gyro di nium sp.
12:0 0.2 0.2 - - - -
14:0 5.6  17.5   21.2 1.9 3.2 3.9
iso 14:0 0.3 1.9 0.6 - - 0.4
an te iso 14:0 0.2 0.1 - - - -
15:0 1.0 0.4 0.4 - - 0.1
16:0   22.3 8.0 9.5    24.9 17.4 28.6
iso 16:0 0.2 0.3 0.2 - - -
an te iso 16:0 0.2 - - - - -
17:0 1.8 - - - - -
iso 17:0     - - - - 0.8 -
an te iso 17:0 0.3 - - - - -
18:0   12.4 1.2 0.5 1.8 1.2 3.2
iso 18:0 0.1 - - - - -
19:0 0.2 - - - - -
20:0 0.4 0.1 -    11.2 - -
22:0 1.1 0.8 - 0.3 - 0.6
23:0 0.5 - - - - -
24:0 1.5 1.1 - - 0.5 -
S SFAS   48.2  31.6  32.4    40.1 23.1 36.8

16:1 (n-9) 0.2 - - 0.2 2.1 -
16:1 (n-7) 3.3  17.0   11.8 0.3 - -
16:1 (n-5) 0.1 3.0 0.3 0.1 0.1 -
17:1 0.8 - - - - -
ha18:1 (n-9) 2.2 2.3 0.3 2.5 4.9 2.2
18:1 (n-7) 2.2 5.1 1.3 1.9 0.1 0.4
20:1 (n-9) 0.1 - - - - -
22:1 (n-9) 0.4 - - - - -
24:1 (n-9) 2.2 3.7 - - - -
S MUFAS   11.5 31.1   13.7 5.0 7.2 2.6

16:2 (n-6)      - 3.7 0.8 - - -
16:2 (n-4)      - 5.7 4.2 - - -
16:3 (n3)      - 8.5    10.2 - - -
16:4      - 1.4 1.9 - - -
18:2 (n-6) 1.0 0.3 0.9 1.2 0.3 4.5
18:3 (n-6)      - - - - - 6.3
18:3 (n-3) 0.5 - - - 0.2 0.4
18:4 (n-3) 0.2 0.7 0.2    12.9 10.3 6.7
18:5 (n3)     - - - - 19.0 14.0
20:4 (n-6) 2.3 1.0 1.7 - - -
20:5 (n-3) 6.9  14.5     27.6 0.7 5.0 -
22:5 (n-3) 0.7 - - - - -
22:6 (n-3)   28.7 1.5 6.4   40.1 34.9 28.7
S PUFAS   40.3  37.3    53.9   54.9 69.7 60.6

C16 PUFA  0.0  19.3    17.0 0 0 0
C18 PUFA 1.8 1.1 1.1   14.1 29.8 31.8
16:1(n-7)/C18 PUFA 1.9  15.8    10.6 0 0 0
18:1 (n-9)/18:1 (n-7) 1.0 0.5 4.0 0.8 0 0.2
20:5 (n-3)/22:6 (n-3) 0.2 9.7 4.3 0 0.1 0

Ta ble 2. Com pa ri son of per cen ta ges (%) of fatty acids in C. fur ca tus, dia toms, and di no fla ge lla tes



et al. 2008). Although the pos si ble to xi city of
our Gyro di nium strain re qui res furt her re -
search, re sults sug gest that Acar tia co pe pod
spe cies are pro bably mo re sen si ti ve than C.
fur ca tus to Gyro di nium sp. to xic me ta bo li tes.
Ba sed on egg pro duc tion ra tes, sin gle-dia tom
diets we re ina de qua te for C. fur ca tus. When A. 
clau si and A. lill je bor gii we re fed with dia tom
diets Dyti lum brigh twe lli (West) Grun 1860,
Cylin drot he ca clos te rium (Ehren berg) Rei -
mann & Le win 1964, and Odon te lla lon gi cru ris
(Gre vi lle) Hob ban 1983) low egg pro duc tion
we re ob ser ved; only Chae to ce ros sp. sup por -
ted high egg pro duc tion ra tes (Band-Schmidt
et al., 2008). Se ve ral stu dies ha ve shown that
in ges tion of dia toms at high con cen tra tions
(=103 cells mL-1) are de le te rious for co pe pod
re pro duc tion (Laa bir et al., 1995; Ban et al.,
1997), as was al so de mons tra ted by low egg
pro duc tion and low hat ching suc cess ra tes, in -
clu ding ab nor mal egg and nau plii de ve lop -
ment (Pou let et al., 1994; Hyung-Ku & Pou let,
2000). Other stu dies de mons tra ted that so me
dia tom spe cies pro du ce to xic, un sa tu ra ted al -

dehy des that block em bryo ge ne sis (Ce ba llos
& Ia no ra, 2003) or de form nau plii (Ia no ra et al.,
2004). Daily in ges tion ra tes of fatty acids in di -
ca te that when fed dia tom diets DHA in ges tion
is re la ti vely low com pa red to dinoflagellates.

Low egg pro duc tion ra tes oc cu rred with
dia tom diets con tai ning low pro por tions of 22:6 
(n-3), des pi te the high pro por tions of 20:5 (n-3) 
(EPA) in C. fur ca tus. Diets com po sed of di no -
fla ge lla tes yield hig her egg pro duc tion ra tes,
per haps cau sed by a hig her con tent of 18:4
(n-3) and 22:6 (n-3) (DHA); simi lar high and
low egg pro duc tions oc cu rred in Acar tia omo rii 
Brad ford 1976 with the sa me com bi na tions of
fatty acids (Kyoung soon et al., 2003). Pol yun -
sa tu ra ted fatty acids (PUFAs) par ti cu larly 20:4
(n-6), 20:5 (n-3), and 22:6 (n-3) play an im por -
tant ro le in re pro duc tion, 20:4 (n-6) and 20:5
(n-3) are pre cur sors of pros ta glan dins, hor mo -
nes re gu la ting ion flu xes, oocy te ma tu ra tion,
egg pro duc tion, and hat ching in ma ri ne in ver -
te bra tes (Stan ley-Sa muel son, 1987, 1994).
The fatty acid 22:6 (n-3) was strongly lin ked
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Figu re 4. Daily in ges tion of fatty acids of C. fur ca tus fed dif fe rent phyto plank ton diets.



with de ve lop ment of neu ral and vi sual func -
tions in fish lar vae (Bell et al., 1995). Se ve ral
aut hors re port that co pe pods re qui re 20:5
(n-3) and 22:6 (n-3) in their diets for egg pro -
duc tion ra tes. Theo re ti cally, in om ni vo rous co -
pe pods, 20:5 (n-3) li mits egg pro duc tion when
the dia tom frac tion is low, and 22:6 (n-3) when
the di no fla ge lla te frac tion is less abun dant or
as a lo wer con tri bu tion. Ho we ver, Ander son &
Pond (2000) sug gest that the lack of PUFA
synthe sis in ca la noid co pe pods oc curs by stoi -
chio me tric li mi ta tion in car bon and ni tro gen,
rat her than by lack of the re qui red enz ymes,
and 22:6 (n-3) when the di no fla ge lla te frac tion
is low. In our study, di no fla ge lla tes con tri bu ted
with a low pro por tion of 20:5 (n-3), but a hig her
pro por tion of their pre cur sor 18:4 (n-3). Li mi ta -
tions of zoo plank ton pro duc tion by es sen tial
PUFAs is low if they ac ti vely synthe si ze them
(Ander son & Pond, 2000), or if co pe pods can
do re tro-con ver sion of 22:6 (n-3) to shor ter
chains, such as 20:5 (n-3), as has been de -
mons tra ted in bri ne shrimp (Na va rro et al.,
1999). In this sen se, di no fla ge lla tes not only
would pro vi de es sen tial PUFA to C. fur ca tus,
but hig her con cen tra tions of car bon and ni tro -
gen than ot her par ti cles of si mi lar si ze be cau -
se they pro vi de bet ween 2 to 6 ti mes mo re pro -
tein, 2.5 to 3.5 ti mes mo re car bohy dra te, and
1.1 to 3.0 ti mes mo re li pid than dia toms of
equi va lent vo lu me (Klep pel, 1993). This re sult
is con sis tent with a hig her res pon se of egg

pro duc tion to di no fla ge lla te diets in C. fur ca -
tus. Calbet & Alca raz (1996) sug gested that a
clo se as so cia tion exists bet ween food avai la -
bi lity and egg pro duc tion in co pe pods. Hig her
egg pro duc tion using di no fla ge lla te diets sug -
gests that the se diets could ha ve a hig her food
qua lity for co pe pods, as the se va lues we re
even hig her than the mean egg pro duc tion of
C. fur ca tus in Bahía de La Paz un der sa tia ted
food con di tions in la bo ra tory stu dies (23 eggs
fe ma le-1 day-1) (Palo ma res-Gar cía et al.,
2003). Ho we ver the se egg pro duc tion va lues
are much lo wer than tho se re por ted in ot her
re gions for C. fur ca tus, such has Bahía Mag -
da le na with ma xi mum va lues of 54 eggs fe ma -
le-1 day-1 (Gó mez-Gu tié rrez et al., 1999) and
the Gulf of Me xi co with 120 eggs fe ma le-1 day-1

(Chec kley et al., 1992).

Dif fe rent res pon ses in egg pro duc tion ra -
tes ha ve been ob ser ved among co pe pod spe -
cies when fed di no fla ge lla te diets. For ins tan -
ce, adult fe ma le Cen tro pa ges ha ma tus Lill je -
borg 1853 fed with P. mi cans and Scripp sie lla
tro choi dea (Stein) Loe blich 1976 did not pro -
du ce eggs, whe reas Lin gu lo di nium  pol ye -
drum (Stein) Dod ge1989 and G. san gui neum
Hi ra sa ka 1922 pro vi ded the nu trients ne -
cessary for egg pro duc tion (Mu rray & Mar cus,
2002). P. mi ni mum pro ved to be a good diet for 
Te mo ra styli fe ra Da na 1849, pro mo ting mo de -
ra te egg pro duc tion and ex ce llent egg via bi lity
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Figure 5. Eu cli dean dis tan ce bet ween the fatty acid pro fi le of the co pe pod C. fur ca tus
and its va rious phyto plank ton diets.



(Ce ba llos & Ia no ra, 2003). Hat ching suc cess
and nau plii pro duc tion of A. clau si de crea sed
af ter in ges tion of a pro gres si vely high num ber
of to xic Ale xan drium mi nu tum Ha lim cells
(Fran gó pu los et al., 2000), but the in gestion of
the to xic di no fla ge lla te Gymno di nium ca te na -
tum Graham ap pa rently had no ad ver se ef -
fects. The high in ges tion and egg pro duc tion
ra tes of C. fur ca tus sug gest that these di no fla -
ge lla tes have hig her nu tri tio nal va lue than na -
tu ral phyto plank ton as sem bla ges (Pa lo ma -
res-Gar cía et al., 2003).

The lack of sig ni fi cant dif fe ren ces in in ges -
tion ra tes bet ween diets of di no fla ge lla tes or
dia toms might in di ca te that C. fur ca tus is a
less se lec ti ve fee der than ot her co pe pod spe -
cies, such as Acar tia lill je bor gii and A. clau si,
that ex hi bit sig ni fi cant dif fe ren ces in in ges tion
ra tes bet ween sin gle-ce lled al gae diets
(Band-Schmidt et al., 2008).

A mo re di ver se diet might in crea se the
pro ba bi lity that C. fur ca tus will ob tain a nu tri tio -
nally-com ple te ra tion un der dif fe rent en vi ron -
men tal food con di tions. C. fur ca tus al so feeds
hea vily on mi cro-zoo plank ton (Klep pel, 1993),
re flec ting its dual her bi vo rous and car ni vo rous
fo ra ging. The ra tio bet ween 18:1 (n-9) and
18:1 (n-7) fatty acid iso mers has been pro po -
sed as a re la ti ve mea su re of car ni vo rous ha -
bits in se ve ral groups of ma ri ne in ver te bra tes
(Grae ve et al., 1997; Falk-Pe ter sen et al.,
2000). Although C. fur ca tus can feed hea vily
on mi cro zoo plank ton (Klep pel, 1993), a ra tio
of 1.0 sug gests a hig her phyto plank ton con tri -
bu tion to its diet than for eup hau siids from
Bahía de La Paz, with a ra tio of 3.1 (Del
Angel-Ro drí guez et al., 2008), or for car ni vo -
rous amp hi pods, with ra tios ran ging from 3.2
to 4.9 (Auel et al., 2002). The quo tients bet -
ween 16:1 (n-7) ver sus C18 PUFAs and 20:5
(n-3) ver sus 22:6 (n-3) have been pro po sed as 
in di ca tors of dia tom con sump tion (Grae ve et
al., 1997). Fatty acid com po si tion of C. fur ca -
tus co llec ted from the sea sho wed a low ra tio
(1.9%) of 16:1 (n-7)/C18 PUFA and a low ra tio
(0.2%) of 20:5 (n-3)/22:6 (n-3), sug ges ting low
dia tom con sump tion. Also, C. fur ca tus co llec -
ted from Bahía de La Paz sho wed a hig her
pro por tion (29.4%) of 22:6 (n-3), sug ges ting
hig her di no fla ge lla te con sump tion at the ti me
of co llec tion.

Our study sug gests that, un der na tu ral
con di tions, C. fur ca tus pre do mi nantly gra ze
on di no fla ge lla te spe cies. Ho we ver, a mo re di -
ver se diet may in crea se the pro ba bi lity of suc -

cess in C. fur ca tus to at tain the ade qua te fatty
acid com po si tion to fuel its re pro duc tion un der
dif fe rent en vi ron men tal con di tions. Gra zing on 
dia toms may pro vi de enough food for sur vi val,
but egg pro duc tion will pro bably de crea se. It is
qui te pos si ble that hig her con cen tra tions of di -
no fla ge lla tes pro vi de hig her bio mass pro duc -
tion of C. fur ca tus in Bahía de La Paz .
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