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Three representative copepods occurring in the southern Patagonian shelf, i.e.. Calanus australis, Drepanopus 
forcipatus  and Oithona helgolandica w ere sam pled by the first tim e w ith paired nets o f 66  and 150 pm  m esh size. 
The stage-specific estim ates o f abundance o f their populations w ere statistically analyzed to assess differences in 
the catchability by both plankton nets. D ifferences b etw een  nets w ere significant only  for smaller 
developm ental stages and species, w ith  higher catchabilities by the 66  p m  net, w hile  no differences w ere  
detected  for m ost o f the stages o f the m edium  and large size species. A significant effect o f the spatial distribution  
on the estim ates o f abundance w as detected  for the majority o f the species and stages but the interaction  
betw een  m esh size and spatial distribution w as not significant. This m eans that d ifferences betw een  both nets 
w ere m aintained across the latitudinal gradient. Our results strongly suggest the convenience o f using the 
66  pm  plankton net to  estim ate the abundance o f the three copepods' populations. Furthermore, w e  propose  
a correction factor to adjust past estim ates o f abundances from 150 pm  m esh collections.

© 20 0 9  Elsevier B.V. All rights reserved.

1. Introduction

The catch efficiency o f p lankton nets for quantitative  estim ates o f 
(m eso)zooplankton has been  th e  issue o f num erous studies for m any 
years (e.g., Vanucci, 1968; Regner, 1981; Evans and Sell, 1985; Nichols 
and Thom pson, 1991 ; M unk e t al., 2003; Stehle e t al., 2007). The facts 
show, nevertheless, th a t there  is no single gear and /o r m esh size to 
p roperly sam ple all groups, including further all their developm ental 
stages. Therefore, th e  m atte r rem ains still controversial.

Given th e  overall im portance o f size structu re  in m arine pelagic 
food-w ebs (e.g., Hansen e t  al., 1994; Calbet and Landry, 1999) and the  
scaling o f vital rates w ith  body m ass (e.g., Hansen e t al., 1997; Ohm an 
e t al., 20 0 2 ), the  assessm ent o f the  size-specific abundance o f organism s 
is perhaps one o f the  m ost critical aspects o f any ecological study. 
Variations in m esh size have a significant effect on th e  selection by the  
sam pler (Fraser, 1968) and thus th e  choice o f the  m esh size depends on 
th e  taxa to be sam pled and it varies m ainly in relation to th e  size o f the  
organism s and their ability to avoid th e  sam pler (Vanucci, 1968). It 
follows th a t individuals in th e  lower range o f m esozooplankton have 
been  largely ignored in m any studies based on standard  sam pling w ith 
2 0 0 -3 3 0  p m  plankton nets (Evans and Sell, 1985; Vanucci, 1968; 
Paffenhöfer, 1998; Hwang e t al., 2007; Pitois e t al., 2009). Overall, the
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200 p m  m esh nets capture <  10% o f th e  m etazooplankton com m unity  
in term s o f num bers, w hile th e  biom ass is u nderestim ated  by one-th ird  
and the  secondary production by tw o-th irds. In oligotrophic offshore 
regions, for exam ple, th e  63 p m  m esh nets have been  show n to cap
tu re  one o rder o f  m agnitude m ore individuals th an  th e  200 p m  nets 
(Hopcroft e t al., 1998; Galliene and Robins, 2001).

Along w ith  the  increasing evidence th a t substantial parts o f the  
m esozooplankton consist o f m icro-sized stages as well as species, there  
is been  a call for investigations including th is sm aller fraction to  fully 
understand  the  structure  and dynam ics o f its populations and their 
relationships w ith in  ecosystem s (Paffenhöfer, 1998; Hopcroft e t al., 
2001). As a result, sm all-sized species and early  stages o f copepods 
are know n now  as m ajor contributors to th e  secondary production of 
m arine system s (e.g., Turner, 2004; Gallienne and Robins, 2001; 
Zervoudaki e t al., 2007). In the  light o f relatively-recent research 
using fine p lankton nets, th e  small cyclopoids o f genus Oithona, for 
instance, have been proven often dom inan t in m any ecosystem s 
w orldw ide (Gallienne and Robins, 2001).

Taking into account m esozooplankters o th er th an  copepods, it has 
been  show n th a t th e  abundance o f larvaceans is also very m uch 
influenced by th e  use o f d ifferent m esh sizes. W hile they  are u n d e r
estim ated w hen  200 p m  m esh nets a re  used, th ey  m ay becam e the  
second m ost-abundan t com ponent o f  the  com m unity  in oligotrophic 
areas w hen  sm aller m esh nets are utilized (e.g., Jaspers e t al., 2009 and 
references therein).

It is o f  u tm ost im portance therefore, to acknowledge th e  implica
tions o f different sam pling m ethods to estim ate  Zooplankton abundance
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(density  and biomass) in any ecosystem , as well as to understand  their 
sources o f variability.

In th e  sou thern  Patagonian shelf, Zooplankton has been  sam pled 
m ainly w ith  coarse 390 p m  m esh size net, concealing the  rep resen ta
tion no t only o f th e  small species bu t also th a t o f m edium -sized 
copepods (e.g., Sabatini e t al., 2004). More recently, sam pling w ith  
150 p m  m esh size nets has allow ed th e  recognition o f the  absolute 
dom inance o f th e  m edium -sized clausocalaniid Drepanopus forcipatus 
over bo th  th e  large calanid Calanus australis and  th e  small Oithona 
helgolandica (sensu Ramírez, 1966) (Sabatini, 2008a,b).

The copepod com m unity  in th e  region is m ade up o f m any o ther 
less-abundant species, m ost o f th em  m edium  or sm all-sized (Sabatini, 
2008a), w hich m ay rem ain  under-rep resen ted , even after using a 
150 p m  m esh size net. These include species such as those o f th e  genus 
Oithona bu t also the  early developm ental stages o f all o th er copepods. 
Hence, a sam pling design using paired nets o f 66 and 150 p m  m esh size 
w as im plem en ted , u n d e r th e  assum ption  th a t th e  estim a tes o f 
abundance o f all developm ental stages, and som e copepod species, 
w ould be differentially de term ined  by m esh size. The aim  o f this study 
w as th en  to com pare the  stage-specific catchability by these  tw o 
plankton nets for quantitative purposes, focused on population studies 
o f th e  locally m ost-abundan t copepods. These latter issues will be 
specifically addressed  in a subsequen t paper.

Furtherm ore, the  relative catch efficiency be tw een  bo th  m esh sizes 
w as estim ated  for each stage of th e  dom inan t species, and hence a 
correction factor w as obtained as progress tow ards retrospective 
studies in the  region.

2. Methods

2.Í. Sampling

Z ooplankton sam pling  w as carried  o u t w ith  th e  RV “Dr. E. L. 
H olm berg" du rin g  late  M arch 2004 a t 32 sta tio n s located  over th e  
co n tin en ta l she lf off so u th e rn  Patagonia in th e  SW A tlantic. Stations 
w ere  a rranged  in four tran sec ts /g ro u p s app ro x im ate ly  p e rp end icu lar 
to  th e  coast a t 47°S, 49°S, 51°S and ca. 53°S (Fig. 1). Sam pling w as 
perfo rm ed  by vertical tow s w ith  a sm all Bongo sam pler, 20 cm  m outh  
opening, fitted  w ith  66 and 150 p m  m esh  size nets. The advan tage  o f 
using  th is  k ind o f sam pler is th a t one  single to w  allow s th e  
sim ultaneous collection  o f tw o  p lank ton  sam ples, i.e. paired  sam ples 
from  d ifferen t m esh-size  nets. Tows w ere  sm ooth ly  perfo rm ed  from  
a m axim um  d e p th  o f 130 m  to surface. A 5-kg piece w as a ttach ed  
to  th e  Bongo fram e to  d ep ress th e  sam pler. The w ire  angle w as 
m easu red  relative to th e  vertical w ith  an  inclinom eter, and  th e  
a m o u n t o f w ire  payed o u t to reach  sam pling  d e p th  w as co rrec ted  
accordingly. Filtered vo lum es w ere  m easu red  w ith  d igital flow 
m ete rs  (Hydro-Bios, w ith  b ack-run  stop  for vertical o p eratio n ). To 
accoun t for th e  likely d ifferential filtration  efficiency o f each  n e t due 
to  m esh  size, tw o  sep ara te  flow m eters w ere  used. Each o f th em  w as 
su sp en d ed  w ith in  each  ring o f th e  Bongo fram e. M ean w a te r volum es 
filtered  by th e  66 and  150 p m  nets w ere  4.75 m 3 and 5.13 m 3, 
respectively . Sam ples w ere  p reserved  in 4% buffered  form aldehyde 
for labora to ry  analysis.

45'

- 47'

- 49'

South
America

Study
Area

Fig. 1. Southern Patagonian continental shelf. Location of the study area and sampling stations. Transects/groups, (A) 47°S; (B) 49°S; (C) 51 °S and (D) ca. 53°S.
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2.2. Plankton analysis

All individuals in a subsam ple  w ere  identified  to  th e  low est 
taxonom ic level possible. A dults and copepodid  stages o f th e  m ost- 
ab u n d an t species, i.e., C. australis, D. forcipatus and  0. helgolandica 
w ere  all sexed and  staged, w hile  nauplii w ere  no t identified  to species 
o r stage b u t pooled. Taxonom ic identifications w ere  based  on the  
cu rre n t lite ra tu re  for th e  region (e.g., Ramirez, 1970, 1971, 1981; 
Björnberg, 1981 ; Bradford-Grieve, 1999; Ramírez and Sabatini, 2000). 
Stage-specific identifications o f th e  th ree  d o m in an t species w ere  
p erform ed  afte r Bradford e t al. (1988), H ulsem ann (1991) and 
G randori (1912), respectively.

In our approach, stages are actually proxies for size, m ost o f our 
analysis being in tended  to know  how  th e  size spectra o f  the  th ree  
dom inan t species are affected by th e  different m esh sizes. As a 
reference, th e  m orphom etric  features o f th e  targe t species are th en  
sum m arized in Table 1.

C ounting o f th e  150 and  66 p m  m esh  sam ples w as carried  ou t 
w ith  a stereom icroscope  Leica MS in sep ara te  subsam ples for each 
species because  of th e ir  d issim ilar abundances. Increasingly larger 
subsam ples w ere  exam ined  for each  species un til a t  least 200 ind i
v iduals o f th e  m o st-ab u n d an t stage w ere  coun ted . Thus, paired  
abun d an ces ( indiv iduals m ~ 3) w ere  o b tained  for th e  150 and  66 pm  
m esh  ne ts from  sam ples collected  sim ultaneously  by a single to w  at 
each  sta tion .

2.3. Statistical analysis

Statistics w ere  conducted  only w ith  C. australis, D. forcipatus and  O. 
helgolandica, w hich w ere  by far th e  m o st-ab u n d an t species in b o th  net 
sam ples. C. australis and D. forcipatus w ere  categorized as ad u lt males, 
ad u lt fem ales and individual copepodid stages (C5, C4, C3, C2 and Cl ). 
Female (F) and m ale (M) C4 and C5 w ere  additionally  discrim inated  in 
th e  la tter species. In 0. helgolandica, females, m ales and C5 w ere  
analyzed separately, w hile  C4 to Cl w ere  g rouped in one category. 
Nauplii o f  all species w ere  in troduced  in th e  analysis as a single 
category, as well as th e  (unattached) egg sacs o f Oithona spp. The

Table 1
Morphometric features of copepodid developmental stages of Calanus australis, 
Drepanopus forcipatus and Oithona helgolandica.

norm ality  and th e  hom ogeneity  o f  variances o f th e  abundance data  
(individuals m 1) w ere  exam ined graphically th rough  categorized 
norm al probability  plots (Statistica v.8.0). Am ongst th e  com m only- 
used transform ations, th e  logarithm ic w as proven th e  m ost successful 
in hom ogenizing th e  variances and ad justing  values to  norm ality. 
Hence, abundances values w ere  transform ed to xj =  ln(x,- +  1 ), being, 
x: abundance and j : species/categories.

For each species/category j, separate  bifactorial (Net and Transect), 
unbalanced w ith  repeated  m easures in one factor (Net) ANOVA tests 
w ere applied to  th e  abundance da ta  in o rder to evaluate th e  effect o f the 
66 and 150 p m  m esh sizes on th e  stage-specific estim ates o f th e  th ree  
copepods. The catchability by th e  tw o nets, th e  d istribution  patterns 
o f th e  dom inan t species and th e  possible interaction be tw een  both 
factors w ere considered. Starting data  en try  for th e  ANOVA o f each 
developm ental stage j  w ere th e  ln-transform ed estim ates o f abundance 
from  catches by the  150 p m  m esh n e t ( In x150 + 1  ) and the  66 p m  m esh 
ne t (In x66 +  l ) ,  a t each sam pling station  k. As m entioned  above, 
these  values w ere  estim ated from  sam ples collected sim ultaneously 
a t each station  and, as such, th ey  rep resen t repeated  m easures of 
the  catchability by the  tw o nets over th e  study area. ANOVAs w ere 
perform ed by routines in Fortran language (H ernández, Gabinete de 
Biomatemática, INIDEP).

Because the  d istribution  pa tte rn  o f  copepods in the  southern  
Patagonian shelf appears to vary w ith  latitude, w e considered this effect 
in th e  ANOVAs as a Transect factor by grouping th e  da ta  by transects 
( Fig. 1 ). W hen significant differences am ongst transects w ere  found a t a 
given category, Post Hoc com parisons o f th e  m ean  abundances 
estim ated for each transec t w ere m ade w ith  a Scheffé Test (Scheffé, 
1959).

3. Results

3.1. Comparison o f  catches results

The estim ates o f abundance from  the  catches o f th e  66 and 150 pm  
nets w ere  significantly different only for th e  sm aller stages p resen t in 
the  paired sam ples, i.e., Cl o f D. forcipatus, all copepodid stages and 
adu lt females o f 0. helgolandica, as well as their una ttached  egg 
sacs and all pooled nauplii. Unexpectedly, differences be tw een  nets 
w ere no t significant for adu lt m ales o f 0. helgolandica, in spite o f their 
re la tively  sm all size. Statistical differences w ere  no t found for any 
of th e  larger stages (p-values, Table 2). Hence, w hile  th e  estim a tes 
o f abun d an ce  derived  from  th e  tw o  ne ts w ere  fairly sim ilar for all 
stages o f C. australis and  for o ld er th an  C l copepodids and ad u lts o f 
D. forcipatus, th o se  o f th e  sm aller categories as e stim a ted  from  th e  
66 p m  sam ples w ere  on average 5 tim es h igher th an  those  estim a ted  
from  th e  150 p m  n e t (Table 2). These resu lts  app lied  m ainly  to  all 
stages o f  0. helgolandica, w hich  w ere  severely  u n d e r-re p re sen te d  in 
th e  150 p m  collection, and  also to all species nauplii and  u n a ttach ed  
egg sacs.

Except for C5 o f C. australis and  Cl to C3 o f D. forcipatus, th ere  w as a 
statistically significant ( p < 0.05) effect o f the  spatial d istribution  
(Transect factor) on  th e  estim ates o f abundance from  catches by the  
tw o nets (p-values, Table 2). However, no clear patte rns in the  
d istribution  o f the  th ree  species and stages becom e ap p aren t th rough  
com parisons across transects (Scheffé Test, Table 3). The likely reason 
for th is m ight be th a t the  populations w ere  developing no t synchro
nously bu t differentially w ith  varying latitude (Figs. 2 -4 ). Yet, it is 
perhaps m ore im portan t w ith in  the  reach o f our analysis, th a t the 
interaction be tw een  th e  ne t m esh size factor (Net) and th e  spatial 
d istribution  factor (Transect) on  th e  estim ates o f abundance was no t 
significant for any stage/species (p-values, Table 2). This result is 
particularly  re levan t for th e  sm aller stages analyzed (i.e., Cl D. 
forcipatus, all stages o f 0. helgolandica except adu lt males, nauplii 
a ltogether and egg sacs), for w hich statistically significant differ
ences in the  catchability by th e  tw o nets w ere  detected  th rough  the

Species/category TL (mm) PL (mm)

Calanus australis
F 3.24 2.72
M 3.68 2.34
C5 3.52 2.16
C4 2.32 1.68
C3 1.79 1.18
C2 1.44 0.83
Cl 0.94 0.78

Drepanopus forcipatus
F 1.45 0.92
M 0.90 0.40
C5-F 1.57 1.10
C5-M 1.34 0.91
C4-F 1.18 0.76
C4-M 1.02 0.71
C3 0.79 0.59
C2 0.58 0.39
Cl 0.35 0.26

Oithona helgolandica
F 0.88 0.59
M 0.76 0.52
C5 0.79 0.49
C4-1 0.54-0.42 0.35-0.25

Total length (TL) and prosome length (PL) were measured during this study as 
reference size.
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Table 2
Comparison of the catches by 150 pm and 66 pm mesh nets.

Species/
category

Mean abundance 
(ind m- 3 )

p-level

150 pm
net

66 pm 
net

Nets
efficiencies

Spatial
distribution

Interaction

Calanus australis 
F 10 13 0.5057 0.029 0.910
M 4 5 0.4134 0.001 0.650
C5 47 77 0.2265 0.053 0.790
C4 22 32 0.5774 0.031 0.851
C3 21 34 0.3901 0.003 0.237
C2 6 11 0.4895 0.005 0.190
Cl 3 6 0.4277 0.001 0.805

Drepanopus forcipatus 
F 230 441 0.4250 0.005 0.705
M 39 70 0.0750 0.002 0.427
C5-F 693 965 0.3153 0.003 0.255
C5-M 616 879 0.3173 0.007 0.423
C4-F 2382 2945 0.4124 0.005 0.525
C4-M 1547 1848 0.1821 0.004 0.288
C3 1077 1677 0.1573 0.072 0.277
C2 353 656 0.1854 0.680 0.946
Cl 118 311 0.0002 0.138 0.557

Oithona helgolandica 
F 503 753 0.0160 0.004 0.695
M 54 103 0.2348 0.027 0.904
C5 104 274 0.0006 0.029 0.106
C4-1 99 736 0.0000 0.002 0.437

Naupliar stages 393 4873 0.0000 0.035 0.886
all species 

Egg sacs 175 307 0.0000 0.198 0.145
Oithona spp.

Results of the ANOVAs. Statistically significant p-level values are in bold. Mean 
abundance in the first two columns refer to averages across all sampling stations.

ANOVAs, as it m eans th a t these  differences w ere  m aintained across the 
latitudinal gradient.

The estim ates o f abundance from  e ith e r th e  66 or 150 p m  catches 
resu lted  in d istinct com m unity  and population  structu res. At the  
com m unity  level — though  considering only th e  m ajor com ponents, 
th e  relative com position changed because o f a h igher con tribu tion  of 
nauplii (24% vs. 3%) against D. forcipatus (61% vs. 87%) in th e  66 pm  
catches. In any case, th is m edium -sized copepod em erged as the  
absolute d o m inan t co m ponen t o f  th e  m esozooplankton com m unity, 
w hile th e  relative con tribu tions by C. australis and  0. helgolandica 
rem ained  sim ilar (Fig. 5). Conversely, th e  population  structures 
genera ted  by th e  tw o nets w ere  a lm ost identical for C. australis

Table 3
Latitudinal effect (Transect factor) on the estimates of abundance.

Transect 47 °S 49°S 51 °S

49°S No differences _ _
51 °S Ca M (F=6.44)

Ca C3 (F =  3.422)
Ca C2 (F =  3.623)
Ca Cl (F =  5.489)
Df C5-M (F =  3.707) 
Df C4-F (F = 3.915) 
Df C4-M (F = 4.203)

Ca H (F =  3.013)
Ca M (F =  5.148)
Ca C3 (F =  3.133) 
Oh C4-1 (F =  5.287) 
Nauplii (F =  3.392)

ca. 53 °S Ca Cl (F =  4.491) 
Oh F (F =  3.797)

Df H (F =  3.554)
Df M (F = 4.414)
Oh H (F =  3.858)
Oh C5 (F =  3.137) 
Oh C4-1 (F =  3.423)

Ca M (F=3.482)
Ca C5 (F =  3.116)
Df H (F =  3.845)
Df M (F = 4.722)
Df C5-M (F = 4.477) 
Df C4-H (F = 4.523) 
Df C4-M (F =  5.080)
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Fig. 2. Calanus australis. Abundance (individuals m 3) per stage estimated from 
catches by 150 pm (A) and 66 pm (B) mesh nets.

(Fig. 6A,B) and alike for D. forcipatus (Fig. 6C,D) b u t con trasted  
strikingly for 0. helgolandica (Fig. 6E,F).

In sum m ary, it is ap p aren t th a t th e  coarser 150 p m  n e t u n d e r
sam pled all developm ental stages and unattached  egg sacs o f 0. 
helgolandica, th e  first copepodid stage o f D. forcipatus and  all nauplii 
p resen t (pooled together). On the  o th er hand, the  catchabilities o f both 
nets w ere  no t significantly different across all the  stages o f C. australis 
and  from  C2 to C6 o f D.forcipatus. Therefore, only the  catch results from 
th e  fine 66 p m  ne t should be used to estim ate  th e  abundance of the  
form er species o r categories, while in th e  latter e ith e r m esh size could 
be used.
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Fig. 3. Drepanopus forcipatus. Abundance (individuals in 
catches by 150 pm (A) and 66 pm (B) mesh nets.

!) per stage estimated from
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Fig. 4. Oithona helgolandica. Abundance (individuals m 3) per stage estimated from 
catches by 150 pm (A) and 66 pm (B) mesh nets.

3.2. Relative catch efficiency between nets

A m easure  o f th e  relative catch efficiency b e tw een  b o th  m esh sizes 
can be defined as th e  ratio  be tw een  th e  efficiency o f th e  coarse net 
(150 jim ) relative to th e  efficiency o f th e  fine m esh  n e t (66 pm ),

— 6 l50  M 50/66  — — 
e 66

Hence, th e  estim ato r o f m axim um  likelihood for such a m easure 
was defined after Irusta e t al. (1996) as,

c 150/6 6 =  e x p g Ê  ln(x150,( / x 66,()j ,

w here  e150/66 is the  m ean relative efficiency for each stage/species 
averaged over all n sam pling stations (excluding those w ith  null values 
o f abundance), and x 150k and x66k are th e  abundances (individuals m ~ 3) 
estim ated from the  catch results o f th e  coarse and fine nets, respectively, 
a t a given k  station. The m ean relative efficiency (e150/66) w as then

B
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Fig. 5. Relative total abundance of species/categories from catches by the 150 pm (A) 
and 66 pm (B) mesh nets.

Fig. 6. Population structures of Calanus autralis (AB), Drepanopus fordpatus (C,D) and 
Oithona helgolandica (E,F) yielded by either 150 pm or 66 pm mesh nets.

calculated across all sam pling stations for all stages/species and the 
differences exam ined through the  com parison o f their confidence 
intervals (Payton e t al., 2003). Values overlapping a t least partially 
w ould indicate th a t there  are no significant differences am ongst their 
respective m ean relative efficiencies.

Therefore, for those species and stages w here  statistically significant 
differences in th e  m ean relative efficiency e150/66 w ere found, their 
confidence intervals w ere  estim ated  as

k o w e r  =  ® 1 5 0 /6 6 e x P ( _ f a / 2  ( n - l ) s d / s / n ) !

L  higher =  50 / 66e x p ( fa / 2 (n - l ) s d /v ^ ñ h

being fa/2 ( n - i )  th e  1 — a /2  percentile  o f th e  S tudent's f d istribu tion  
w ith  n — 1 degrees o f freedom  and sd th e  standard  deviation  of th e  
variable d, i.e.,

4  =  ln(x150,() - l n ( x 66,() ,l< k < n .

As th is is a log-norm al variable, th e  standard  deviation  o f e150/66 
after Kendall and S tuart (1969) is given by,

s/,so/66 =  V e x P(2d +  s 2 / n ) ( e x p ( s 2 / n )  —1),

being d y  sd th e  m ean and variance of th e  variable dk, 1 < k < n ,  
respectively.
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Overall, th e  66 p m  m esh net captured  m ore individuals o f any 
developm ental stage (Table 2) b u t sm aller individuals in particular 
w ere  significantly  m issed  by th e  coarse  150 p m  m esh  net, as 
additionally evidenced by their m ean relative efficiencies (MRE) in 
Table 4. Roughly, the  re ten tion  o f th e  sm all-sized categories by the 
150 p m  m esh net w as only ca. 30% on average o f th e  catch by th e  fine 
66 p m  m esh net. Total o r partial overlapping o f th e  confidence intervals 
o f th e  m ean relative efficiencies o f all stages (except adu lt m ales) o f 
0. helgolandica and Cl o f D. forcipatus indicated th a t these  are very 
sim ilar to one an o th er bu t significantly different from  those o f nauplii 
and egg sacs (Fig. 7).

3.3. Correction factor fo r  retrospective studies

Because sam pling w ith  150 p m  m esh size has been  conducted  
ra th e r frequen tly  in th e  region, w e th o u g h t it w ould be w o rth  defining 
a correction  factor to rem ove th e  bias in troduced by th e  use o f th a t 
m esh. This will be necessary  if re trospective  studies w ere  eventually  
in tended. As inspired by Stehle e t  al. (2007), on  account o f th e  above 
w e propose th e  follow ing estim ator,

c  _  x 150/<
b k -  p------------ ,

M 5 0 / 6 6

w here  Ek is th e  factor estim ator, e150/66 is th e  m ean relative efficiency 
calculated for a given stage/category, averaged over all sam pling 
stations, k  is stage/category  and x 150k is its (pre-existing) abundance 
estim ated  from  th e  150 p m  m esh  n e t for stage/category  k. The 
standard  deviation  o f Ek can be also estim ated  (Delta m ethod; Seber, 
1982) as,

s,£*> =  «

The application o f such correction  should be restric ted  to estim ates 
o f abundance genera ted  by sim ilar sam pling design and m ethods.

4. Discussion

This is th e  first study  o f th e  copepod com m unity  during  sum m er in 
the  sou thern  Patagonian shelf in w hich  paired nets and sm aller m esh 
sizes (66 p m  as opposed to 150 pm ) have been  used. The benefits o f 
such sam pling design w ere  two-fold. On one hand, it allow ed the 
evaluation o f bo th  m esh sizes catchabilities in studying th e  popula
tions o f th e  dom inan t species, and on th e  o ther, our cu rren t know ledge 
of th e  com m unity  structure  w as expanded.

The estim ates o f abundance obtained from  th e  catch results o f the 
66 p m  and 150 p m  m esh nets w ere  significantly different in sm aller 
species and early ontogeny  stages. In such cases, th e  fine net 66 p m  pore

Table 4
Mean relative efficiency (MRE) between mesh nets (150 relative to 66 pun) and 
confidence intervals for stages/categories with statistically significant differences in 
nets efficiencies.

Species/category MRE Lower limit (95%) Higher limit (95%)

Drepanopus forcipatus
Cl 0.404 0.185 0.885

Oithona helgolandica
F 0.618 0.413 0.925
C5 0.452 0.263 0.772
C4-1 0.208 0.118 0.367

Naupliar stages all species 0.030 0.01 0.07
Egg sacs Oithona spp. 0.053 0.008 0.115
Species/category average 0.294

Averages were estimated over the entire study area (excluding stations with null values 
of abundance).
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Fig. 7. Confidence intervals for species/categories whit statistically significant 
differences in net efficiencies (ANOVAs). Dots refer to mean relative efficiency 
(probability of 84%) shown in Table 4.

size, w as proven m ore efficient in catching organism s. These findings 
confirm  our initial assum ption  th a t m inor-size copepod species and 
sm aller developm ental stages w ere  underestim ated  w ith  a 150 pm  
m esh net. Hence, w hile bo th  th e  population structu re  and total 
abundance o f 0. helgolandica w ere  severely biased by the  coarse net, 
D. forcipatus and C. australis populations, species o f m edium - and large 
size respectively, appeared  to be sam pled sim ilarly by th e  tw o nets. It 
w as som ehow  surprising th a t only th e  first copepodid stage o f D. 
forcipatus w ere undersam pled  by th e  coarse net. Strictly speaking, 
how ever, th e  150 p m  m esh ne t overall u nder-rep resen ted  all species 
because o f th e  significantly sm aller capture  o f eggs and naupliar stages 
relative to the  fine net.

B öttger-Schnack e t al. (2008) com pared th e  copepod abundances 
sam pled w ith  55 p m  and 150 p m  m esh ne ts in th e  Red Sea during 
spring and, in coincidence w ith  our results, found th a t th e  abundances 
o f  nauplii ob tained  w ith  th e  fine m esh n e t w ere  abou t tw o orders of 
m agnitude h igher and th e  num bers o f juven iles and adults differed by 
a factor o f 3 -7 .

An unexpected  resu lt in our study  concerned th e  ad u lt m ales o f 0. 
helgolandica w hich, unlike ad u lt fem ales o r any o th er copepodid stage 
o f this species, w ere  sim ilarly cap tu red  by e ith e r net. Since adu lt 
m ales a re  sm aller th an  females, th is m ay be a spurious outcom e of 
ANOVA, likely re la ted  to th e ir m uch low er abundance and ra ther 
sporadic d istribu tion  in nature . In fact, m ales com prised only 5% of 
to ta l 0. helgolandica popu lation  (as estim a ted  from  th e  66 pm  
catches) and w ere  absen t in 10 ou t o f  th e  64 sam ples analyzed. 
H owever, it should be bo rne  in m ind also th a t th e  body shape of 
m ales, particularly  th e  geniculation  o f th e  an tenna, m ight help the  
re ten tion  by a coarser net.

Copepods o th er th an  th e  th ree  dom inant species above w ere  not 
statistically trea ted  e ither because th ey  w ere  only occasionally present, 
their abundances w ere too low  or their spatial distributions w ere  very 
d ifferent for com parison. These conditions w ould produce m any null 
values, thus invalidating th e  ANOVA. Yet, it is w orth  m entioning th a t 
th e  total abundance of th e  small harpacticoid Microsetella norvegica as 
estim ated  from  the  catch results o f  the  66 p m  m esh net w as 60 tim es 
higher th an  the  estim ate  from  the  150 p m  m esh n e t catches. This is not 
a trivial piece o f inform ation bu t it highlights th e  need for a broader view  
of the  copepod com m unity  in th e  southern  Patagonian shelf, consider
ing the  sm aller species and developm ental stages. The im portance of 
small-sized copepod species and early developm ental stages as key 
com ponents o f the  planktonic food w eb has been dem onstra ted  in a 
diversity o f m arine ecosystem s w orldw ide (e.g., Dubischar e t al., 2002; 
Thor e t al., 2005; Zervoudaki e t al., 2007; Böttger-Schnack e t al., 2008). 
Our results from  th e  66 p m  m esh n e t catches add support to this view  
and strongly  encourage focusing fu ture  stud ies o f  th e  copepod 
com m unity  in the  region on th e  sm aller size spectrum . W e are 
currently  planning to revisit past scenarios in o rder to ad just som e

------------ 1
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form er species-specific underestim ates by applying th e  correction 
factor w e are  proposing for th e  dom inan t species.
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