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STUDY AREASTUDY AREA
SOUTHERN PATAGONIAN SOUTHERN PATAGONIAN SHELFSHELF

SPSSPS

Broad  shelf region in the Broad  shelf region in the 
southwestern  Atlantic Ocean southwestern  Atlantic Ocean 
( 47( 47°° 5555°°S)S)(~47(~47°°-- 5555°°S)S)

This is a highly productive This is a highly productive 
ecosystem  hosting one of the major ecosystem  hosting one of the major ecosystem, hosting one of the major ecosystem, hosting one of the major 
fishing areas in the Argentine seafishing areas in the Argentine sea



MESOZOOPLANKTONMESOZOOPLANKTON

ZooplanktonZooplankton occupiesoccupies anan importantimportant positionposition inin thethe SPSSPS
ecosystem,ecosystem, sincesince mostmost ofof resourcesresources areare zooplanktivoreszooplanktivores

i i

DuringDuring latelate summersummer (March(March--April),April), mesozooplanktonmesozooplankton communitycommunity
isis dominateddominated byby threethree copepodscopepods speciesspecies::

Drepanopus forcipatus 
(Fam. Clausocalanidae) 

Calanus australis 
(Fam. Calanidae)

Oithona helgolandica 
(sensu Ramírez 1966)

(Fam. Oithonidae)

KEY KEY 
SPECIESSPECIESSPECIESSPECIES

TL=1400 µmTL=1400 µm

TL= 850 µmTL= 850 µmTL= 3100 µmTL= 3100 µm



MESOZOOPLANKTONMESOZOOPLANKTON

C. australis C. australis and and D. forcipatus D. forcipatus together constitute most of together constitute most of 
biomass biomass 

C. australis C. australis and and D. forcipatus D. forcipatus have different reproductive have different reproductive 
t t it t istrategiesstrategies

Calanus australis 
FREEFREE--

Calanus australis SPAWNINGSPAWNING

Drepanopus forcipatus 
EGG EGG 

CARRYINGCARRYING



PLANKTON COMMUNITIES < 200 µm PLANKTON COMMUNITIES < 200 µm 

During late summer, after the spring bloom, During late summer, after the spring bloom, During late summer, after the spring bloom, During late summer, after the spring bloom, 

larger nanoplankton and microplankton abundance diminishes larger nanoplankton and microplankton abundance diminishes 

and food availability in the size fraction and food availability in the size fraction and food availability in the size fraction and food availability in the size fraction 

mainly grazed by copepods (>10 µm) is lowmainly grazed by copepods (>10 µm) is low



HYPOTHESESHYPOTHESESQUESTIONSQUESTIONS

Optimal foodOptimal food--size low size low Are both copepods Are both copepods 
abundance determines the abundance determines the 
ending or decrease of feeding ending or decrease of feeding 
and reproductive activityand reproductive activity

p pp p
trophically and trophically and 
reproductively active ...? reproductively active ...? 
To what extent?To what extent?

Wh t  th  f di  ?Wh t  th  f di  ?
Copepods feed on  coCopepods feed on  co--

What are they feeding on?What are they feeding on? occurring resourcesoccurring resources

Are there differences Are there differences 
between both copepods’ between both copepods’ 

During bloom conditions, both During bloom conditions, both 
copepods are opportunistic and copepods are opportunistic and 

activities at high food activities at high food 
concentrations?concentrations?

p p ppp p pp
increase their feeding and increase their feeding and 
reproduction reproduction 



MAIN OBJECTIVESMAIN OBJECTIVES

T  l  h  f di  d d i  T  l  h  f di  d d i  To analyze the feeding and reproductive To analyze the feeding and reproductive 
activity of both copepods species activity of both copepods species 

twotwo contrastingcontrasting foodfood scenariosscenarios

l dl d

gg

PostPost--bloom conditionbloom condition
Late summerLate summer
Low food concentrationLow food concentration

Bloom condition Bloom condition 
Early spring Early spring 
High food concentrationHigh food concentrationLow food concentrationLow food concentration High food concentrationHigh food concentration



1) FEEDING ACTIVITY INDEX1) FEEDING ACTIVITY INDEX

METHODSMETHODS

FIFI =  =  PP x  x  LpelLpel StandardizationStandardization   Pellet L  Pellet L

1) FEEDING ACTIVITY INDEX1) FEEDING ACTIVITY INDEX

FIFIkk =  =  PPkk x  x  LpelLpelSkSk

PP : F din  p p d  % : HOW MANY COPEPODS ARE FEEDING? : F din  p p d  % : HOW MANY COPEPODS ARE FEEDING? 

StandardizationStandardization =  Pellet L=  Pellet L
Prosome LProsome L

--PPkk: Feeding copepods % : HOW MANY COPEPODS ARE FEEDING? : Feeding copepods % : HOW MANY COPEPODS ARE FEEDING? 

-LpelLpel:: FoodFood--pellet length : HOW MUCH ARE THEY CONSUMING?pellet length : HOW MUCH ARE THEY CONSUMING?

22) DIET) DIET
Gut contents inspectionGut contents inspectionGut contents inspectionGut contents inspection

(Light microscopy 1000x)(Light microscopy 1000x)



METHODSMETHODS

3) REPRODUCTIVE ACTIVITY3) REPRODUCTIVE ACTIVITY
MMacroscopic determination of gonad stages acroscopic determination of gonad stages 

(after Niehöff 2003  2007; Niehöff & R nge 2003(after Niehöff 2003  2007; Niehöff & R nge 2003)   )   (after Niehöff 2003, 2007; Niehöff & Runge 2003(after Niehöff 2003, 2007; Niehöff & Runge 2003)   )   

P t  f t  f lP t  f t  f l

-- DiatomsDiatoms44) PLANKTONIC) PLANKTONIC COMMUNITIES COMMUNITIES 

Percentage of mature femalesPercentage of mature females

-- Dinoflagellates Dinoflagellates 
-- Ciliates Ciliates 
-- CriptophytesCriptophytes

ii

))
COMPOSITIONCOMPOSITION

Trophic availability for copepodsTrophic availability for copepods
-- CrisophytesCrisophytes , , 
etcetcNiskin bottlesNiskin bottles

GlutaraldehydeGlutaraldehyde 25%25%
ddInverted microscope 200x, 1000xInverted microscope 200x, 1000x



LATE SUMMER 2004 LATE SUMMER 2004 LATE SUMMER 2004 LATE SUMMER 2004 

POST BLOOM  CONDITIONSPOST BLOOM  CONDITIONS

R.V. “E.L.Holmberg”R.V. “E.L.Holmberg”
M hM h A il  2004A il  2004MarchMarch--April, 2004April, 2004

EHEH--03/04 INIDEP 03/04 INIDEP cruisecruise



LATE SUMMER 2004LATE SUMMER 2004
C. C. australis australis ♀♀ D. D. forcipatus forcipatus ♀♀C. C. australis australis ♀♀ D. D. forcipatus forcipatus ♀♀

N= 330N= 330N= 210N= 210

Calanus australisCalanus australis

 C5 C5N  330N  330
11 11 stssts..7 7 stssts..

D. D. forcipatus  forcipatus  C4C4--FFCC. australis . australis C5C5

> C5> C5

D. D. forcipatus  forcipatus  C4C4 FFCC. australis . australis C5C5

Drepanopus forcipatus Drepanopus forcipatus 

N= 300N= 300N= 240N= 240

> C4> C4--FF

10 10 stssts..
N= 240N= 240
8 8 stssts..



PLANKTONIC COMMUNITIES <  200  µPLANKTONIC COMMUNITIES <  200  µmm

22--5 µm5 µm 55--10 µm  10 µm  2020--200 µm200 µm1010--20 µm20 µm
OPTIMAL FOODOPTIMAL FOOD--SIZE 10SIZE 10--14 µM14 µMINEFICIENT FEEDINGINEFICIENT FEEDING

VIA MICROBIAL LOOP VIA MICROBIAL LOOP 
OR OR AGGREGATES??AGGREGATES??

Max. 1 x 1011

cell m-2
Max . 6 x 109

cell m-2
Max. 5 x 108

cell m-2
Max. 4 x109

cell m-2

Bloom diatom Bloom diatom 
RhizosoleniaRhizosolenia

CiliatesCiliates
FlagellatesFlagellates

ChlorophytesChlorophytes
DiatomsDiatoms RhizosoleniaRhizosolenia

setigerasetigera
St.266St.266--10m10m

FlagellatesFlagellates
Heterotrophic Heterotrophic 
dinoflagellatesdinoflagellates

DiatomsDiatoms
HaptophytesHaptophytes
CryptophytesCryptophytes



Calanus Calanus australis australis ♀♀ Calanus Calanus australis australis C5C5

FEEDING ACTIVITYFEEDING ACTIVITY
Calanus Calanus australis australis ♀♀ Calanus Calanus australis australis C5C5
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FEEDING ACTIVITYFEEDING ACTIVITY

Calanus Calanus australis australis adult femalesadult females and C5and C5

Most copepods were Most copepods were 
not feedingnot feeding

When feeding, mostly at low When feeding, mostly at low 
levelslevelslevelslevels

Both stages were feedingBoth stages were feeding
at similar levelsat similar levels



FEEDING ACTIVITYFEEDING ACTIVITY
Drepanopus Drepanopus forcipatus forcipatus ♀♀ Drepanopus Drepanopus forcipatus forcipatus C4C4--FF
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FEEDING ACTIVITYFEEDING ACTIVITY

Most copepods were Most copepods were 

Drepanopus Drepanopus forcipatus  forcipatus  adult females and C4adult females and C4--femalesfemales

Most copepods were Most copepods were 
not feedingnot feeding

When feeding, mostly at low When feeding, mostly at low 
levelslevels

Both stages were feedingBoth stages were feedingBoth stages were feedingBoth stages were feeding
at similar levelsat similar levels



FEEDING ACTIVITYFEEDING ACTIVITY
Drepanopus Drepanopus forcipatus forcipatus ♀♀
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METAZOA
Copepod  leg

DIATOMS
p p g

Paralia
Copepod nauplius

Paralia
sulcata

Hyalodiscus sp.

CILIATES
LingulodiniumPolykrikos schwartzii

DINOFLAGELLATE CYSTS
y p

Loricate tintinnid



C l  liC l  li ♀♀

REPRODUCTIVE ACTIVITYREPRODUCTIVE ACTIVITY
Calanus australisCalanus australis ♀♀
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AGE STRUCTUREAGE STRUCTURE

NORTHNORTH SOUTHSOUTH
Calanus australisCalanus australis ♀♀

Mostly Mostly 
mature mature 
femalesfemales

Mostly Mostly 
immature immature 
f lf lfemalesfemales

All stages All stages 
presentpresent

femalesfemales

Early C1Early C1--
C3 absentC3 absentpresentpresent

Early Early 
C1C1--C3 C3 

C3 absentC3 absent

Immature  Immature  
C5 dominatedC5 dominated

dominateddominated
C5 dominatedC5 dominated

“YOUNG” “YOUNG” 
DEVELOPING DEVELOPING 

“OLD” “OLD” 
LETHARGIC LETHARGIC DEVELOPING DEVELOPING 

POPULATIONPOPULATION
LETHARGIC LETHARGIC 

POPULATIONPOPULATION
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REPRODUCTIVE ACTIVITYREPRODUCTIVE ACTIVITY
♀♀♀♀

200 µm200 µm

S t h

200 200 

Spermatophore

200 µm200 µm



EARLY SPRING 2005EARLY SPRING 2005

BLOOM  CONDITIONSBLOOM  CONDITIONS

ARA “Puerto Deseado”ARA “Puerto Deseado”
October, 2005October, 2005

See See 
posterposter,,

GEF PatagoniaGEF Patagonia--1 1 cruisecruise
posterposter
S2S2--6933 6933 



Both copepods’ maximal spring abundances agreed Both copepods’ maximal spring abundances agreed 
spatially with a bloom occurred in the inner shelf area of spatially with a bloom occurred in the inner shelf area of 
G d  BG d  BGrande BayGrande Bay

C. C. australis australis ♀♀ D. D. forcipatus forcipatus ♀♀

ProrocentrumProrocentrum
minimumminimum bloombloom

♀♀ f pf p ♀♀

MaxMax. . 10 x 10 x 101066 cellscells LL--11

N= 90N= 90
3 3 stst..

N= 60N= 60
2 2 stst..



FEEDING ACTIVITYFEEDING ACTIVITY

Most copepods were feeding  Most copepods were feeding  

Feeding copepods, mostly at high levelsFeeding copepods, mostly at high levelsg p p , y gg p p , y g

D. forcipatusD. forcipatus had feeding levels 2 times higher than had feeding levels 2 times higher than C. australisC. australis

0,60,6

Drepanopus Drepanopus forcipatus forcipatus ♀♀Calanus Calanus australisaustralis ♀♀
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B h d  i   h  diff  f di  iB h d  i   h  diff  f di  iBoth copepods species may have different feeding strategies:Both copepods species may have different feeding strategies:

Prorocentrum minimum loaded gutsProrocentrum minimum loaded guts

Drepanopus Drepanopus forcipatus forcipatus ♀♀

Prorocentrum minimum loaded gutsProrocentrum minimum loaded guts



REPRODUCTIVE ACTIVITYREPRODUCTIVE ACTIVITY

Drepanopus Drepanopus forcipatus forcipatus ♀♀Calanus Calanus australis australis ♀♀
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CONCLUDING REMARKS  CONCLUDING REMARKS  
This is the first study carried out in the southern Patagonian shelf This is the first study carried out in the southern Patagonian shelf 

ecosystem on the feeding and reproductive aspects of the copepods ecosystem on the feeding and reproductive aspects of the copepods 
Calanus australis Calanus australis and and Drepanopus forcipatusDrepanopus forcipatus

Feeding activity index (Feeding activity index (= feeding copepods proportion x feeding = feeding copepods proportion x feeding 
activity intensityactivity intensity) would be a good indicator of population feeding state) would be a good indicator of population feeding state

Optimal foodOptimal food--size low abundances during summer determined low size low abundances during summer determined low 
reproductive and feeding activities in both copepods reproductive and feeding activities in both copepods 

activity intensityactivity intensity) would be a good indicator of population feeding state) would be a good indicator of population feeding state

p g p pp g p p

Both copepods would have developed different strategies to Both copepods would have developed different strategies to 
overcome bad food conditions during summer:   overcome bad food conditions during summer:   

Drepanopus forcipatusDrepanopus forcipatus
would have opportunistic would have opportunistic 

Calanus australis Calanus australis 
would feed mainly on >10 µm would feed mainly on >10 µm 

behavior, and benefit from behavior, and benefit from 
smaller particlessmaller particles

particles, which were too few. particles, which were too few. 
Thus Thus Ca Ca may stop development may stop development 



CONCLUDING REMARKS  CONCLUDING REMARKS  

During During Prorocentrum minimum Prorocentrum minimum spring bloom, both copepods spring bloom, both copepods During During Prorocentrum minimum Prorocentrum minimum spring bloom, both copepods spring bloom, both copepods 
had different behavior: had different behavior: 

D. forcipatus D. forcipatus consumed loads of consumed loads of P. minimumP. minimum
while while C. australis C. australis did not did not 

Possible explanations:Possible explanations:

Size? / Palatability? /Size? / Palatability? /
Lipid reserves in Calanus Lipid reserves in Calanus 

australis?australis?


