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Comparison of the effects of two bongo net mesh sizes on the estimation of 
abundance and size of Engraulidae eggs

Studies of ichthyoplankton retention by nets of 
different mesh sizes are important because they help 
in choosing a sampler when planning collection and 
the establishment of correction factors. These factors 
make it possible to compare studies performed with 
nets of different mesh sizes. In most studies of mesh 
retention of fish eggs, the taxonomic identification 
is done at the family level, resulting in the loss of 
detailed information. We separated Engraulidae 
eggs, obtained with 0.333 mm and 0.505 mm mesh 
bongo nets at 172 oceanographic stations in the 
southeastern Brazilian Bight, into four groups based 
on their morphometric characteristics. The difference 
in the abundance of eggs caught by the two nets was 
not significant for those groups with highest volume, 
types A and B, but in type C (Engraulis anchoita), 
the most eccentric, and in type D, of the smallest 
volume, the difference was significant. However, no 
significant difference was observed in the egg size 
sampled with each net for E. anchoita and type D, 
which exhibited higher abundance in the 0.333 mm 
mesh net and minor axis varying from 0.45-0.71 
mm, smaller than the 0.505 mm mesh aperture and 
the mesh diagonal.
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Estudos sobre a retenção do ictioplâncton por 
redes com diferentes tamanhos de malhas são 
importantes, pois ajudam na escolha do amostrador 
durante o planejamento da coleta e possibilitam 
o estabelecimento de fatores de correção. Tais 
fatores permitem a realização de comparações entre 
trabalhos realizados com diferentes malhagens. Na 
maioria dos estudos focando a retenção de ovos 
de peixes por diferentes tamanhos de malhas, a 
identificação taxonômica é feita até o nível de 
família, resultando na perda de informações mais 
detalhadas. Os ovos analisados foram obtidos 
em 172 estações oceanográficas realizadas na 
Plataforma Continental Sudeste do Brasil, com 
rede bongô de malhas 0,333 e 0,505 mm. Os ovos 
de Engraulidae foram separados em quatro tipos 
de acordo com características morfométricas tipos 
A, B, C (Engraulis anchoita) e D, ovos de menor 
volume. Apenas os ovos de E. anchoita, de maior 
excentricidade, e do tipo D, de menor volume, foram 
significativamente mais abundantes na rede de 0,333 
mm, embora suas dimensões não tenham diferido 
entre as capturas realizadas com as duas malhagens e 
o tamanho do eixo menor desses dois tipos não tenha 
excedido 0,71 mm, valor semelhante à diagonal da 
malha de 0,505 mm.
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INTRODUCTION
A historical analysis of the development of quantita-

tive zooplankton collecting systems, from the hensen net 
to the four-dimensional biological oceanography, has been 
presented by WIEBE and BENFIELD (2003). Even with 
the sophisticated sampling systems available to quantify 
the abundance of planktonic organisms, for example those 
using acoustic and optical technologies, less sophisticated 
net-based sampling devices remain in widespread use. 
This reliance on simple nets is due to the relatively low 
expense of the sampling gear, the ease of deployment, and 
to the desire to maintain a standard protocol over a long 
time series (JOHNSON; FOGARTY, 2013).

Much attention has been focused recently on multi-de-
cadal time-series of marine organisms (e.g. BRODEUR 
et al., 1996; MULLIN, 1998; NAGASAWA, 2001; 
STRATOUDAKIS et al., 2003; AUTH et al., 2011; 
TURNER et al., 2011). Few long time-series data are avai-
lable, and many that exist are complicated by the changes 
in methodology that have been made over the years. The 
long-term time-series contain much information which 
would be valuable were the results obtained by the diffe-
rent methods comparable or if calibration factors could 
be determined for the different methods (REBSTOCK, 
2002). For example, the California Cooperative Oceanic 
Fisheries Investigations (CalCOFI) program has sampled 
zooplankton off the west coast of North America since 
1949, but in 1978 the 1m diameter ring net was replaced 
by a bongo net, with two 0.71m diameter nets on a single 
frame, so REBSTOCK (2002) determined whether (deba-
ted whether/attempted to determine how far the estimates 
of abundance of calanoid copepods collected with the ring 
and bongo net were comparable. For the Brazilian coast, 
the Biological Collection “Prof. E. F. Nonato” (ColBIO) 
of the Oceanographic Institute, University of São Paulo, 
Brazil, contains zooplankton samples collected in the sou-
theastern Brazilian Bight since the 1960s, but the mesh 
sizes used have not always been the same, and this calls 
for studies on the effect of the mesh-size when sampling 
different taxonomic groups, to allow multi-decadal and 
multi-annual comparisons.

The ideal sampler for zooplankton is one whose se-
lective characteristics are appropriate, qualitatively and 
quantitatively, to the problem under study (BARKLEY, 
1972). Sampling programs and devices must provide ac-
curate measurements of changes in abundance and levels 
of precision that permit the detection of variations in key 

parameters for a proper understanding of the processes 
that influence population dynamics. It is important that the 
survey design should provide adequate spatial and tempo-
ral resolution and that the correct sampling gear and mesh 
size be chosen to minimize sampling bias for the organis-
ms under study (PEPIN; SHEARS, 1997).

A number of studies have documented comparisons 
of different kinds of sampling gear. PEPIN and SHEARS 
(1997) compared the variability and capture efficiency of 
bongo nets and Tucker trawls in the collection of ichthyo-
plankton and other macrozooplankton, concluding that both 
samplers are efficient at catching a wide range of sizes of 
larval fish, with bongo nets being more effective for smal-
ler larvae and the Tucker trawl for larger ones. The evalu-
ation of catchability of fish eggs and larval fish with the 
0.61 m bongo and the 1 m2 Multiple Opening and Closing 
Net Environmental Sensing System (MOCNESS) was con-
ducted by JOHNSON and FOGARTY (2013), showing that 
overall catches of fish larvae and eggs were significantly hi-
gher for the MOCNESS, which filtered 3.5 times more sea-
water than the bongo; but bongo nets were more efficient in 
collecting some larval taxa in the larger size classes. Those 
authors reinforced the idea that the catchability of sampling 
gear of larval taxa is species-specific and advanced-stage-
-specific. In many cases, such as when sampling effectively 
all sizes of leptocephali, two types of nets/trawls will likely 
be needed (MILLER et al., 2013).

An inter-comparison and evaluation of methods for 
sampling and determination of zooplankton distribution 
and biomass was recently conducted and included 14 
zooplankton sampling instruments: four multiple ope-
ning and closing net systems (1- and 10-m2 MOCNESS, 
1-m2 BIONESS, 0.25-m2 MultiNet), three high-speed 
samplers (LHPR, Gulf-V, CPR), one optical plankton 
counter (OPC), 4 vertically or obliquely hauled nets 
(WP-2.20- and 60-cm Bongo, 1-m Ring net (CalCOFI)), 
and two micronekton trawls (MIK ring net, young-fish 
trawl) (SKJOLDAL et al., 2013). The results of this stu-
dy showed that different vertical, oblique, and multiple 
opening/closing net systems produced similar estimates 
of zooplankton when operated with comparable mesh si-
zed nets, the mesh size of the net exercising the greatest 
influence on the biomass and species composition of the 
zooplankton community.

Focusing on ichthyoplankton collections, compa-
risons of the efficiency of different mesh sizes has been 
documented by various authors (e.g. HOUDE; LOVDAL, 
1984; JOHNSON; MORSE, 1994; SOMARAKIS et al., 
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Figure 1. Location of the sample stations in the southern Brazilian 
Bight during 1975 and 1982.

1998). However, only a few of these studies included fish 
eggs in the comparison, analyzing rather the total of eggs 
sampled (e.g. CHUTE; TURNER, 2001; HERNANDEZ 
et al, 2011). The studies that compare the effects of mesh 
size on sampling a specific egg family is usually done with 
Engraulidae, because they are easy to identify due to their 
ellipsoid shape, segmented yolk and, usually, absence of 
oil droplets (CIECHOMSKI, 1965; PHONLOR, 1985). 
SOMERTON and KOBAYASHI (1989) compared the 
catch of Hawaii anchovy eggs in two plankton nets, one 
with 0.183 mm mesh size and the other with 0.335 mm; 
MATSUURA and NAKATANI (1980) and SANCHEZ and 
CIECHONSKI (1984) compared the catch of Engraulis 
anchoita Hubbs & Marini, 1935 eggs using a bongo net 
fitted with 0.333 and 0.505 mm mesh size nets, producing 
contradictory results.

Engraulids are small pelagic fish ecologically impor-
tant as secondary consumers near the bottom of the food 
chain and essential prey for other fish, marine mammals 
and seabirds, at the top of the food chain, thus linking the 
bottom of the chain with the top (CASTELLO, 2007). 
Some Engraulidae species are also important fishery re-
sources (FAO, 2012). Along the southern Brazilian co-
ast it is estimated that up to 135,000 tonnes of Engraulis 
anchoita could be sustainably exploited (MADUREIRA 
et al., 2009), however its exploitation has only recently 
started in this area (CARVALHO; CASTELLO, 2013).

In view of the environmental and fisheries 
significance of the Engraulidae family, the importance 
of long time-series studies, the lack of information 
on the catchability of different Engraulidae eggs and 
the contradictory results of the two studies on the west 
Southern Atlantic coast, the main objective of the present 
study is to compare the effects of the bongo net mesh size 
on the measurement of the abundance and size of four 
types of Engraulidae eggs in the southeastern Brazilian 
Bight. The null hypotheses are that the frequency of 
occurrence, the abundance and the size of the Engraulidae 
eggs types are the same, regardless of whether the 0.333 
mm or the 0.505 mm mesh size net is used.

MATERIAL AND METHODS
Data cOllectiOn anD preparatiOn

Ichthyoplankton samples were collected at 140 sta-
tions from November 29th to December 18th, 1975 and at 32 
stations from March 8th to15th, 1982. All the stations were 
located in the southeastern Brazilian Bight (23ºS - 29ºS) as 

shown in Figure 1. The sampling procedure described by 
Smith and Richardson (1977) was followed, using a bongo 
net with a 0.61 m diameter mouth opening, equipped with 
paired cylindrical-conical 0.333 mm and 0.505 mm mesh 
size nets. To measure filtered water volume a flowmeter 
was attached at the center of the mouth of each net. A de-
pressor was applied to the net which was towed obliquely 
from the surface to a maximum depth not exceeding 200 
m, and then back to the surface, maintaining a wire angle 
near 45º. At stations shallower than 60 m the bongo net 
was lowered twice close to the bottom to increase the vo-
lume of water filtered. Towing speed was of about 1.5 - 2 
knots. All samples were preserved in 4% buffered formalin 
in seawater and stored in the Biological Collection “Prof. 
E. F. Nonato” (ColBIO) of the Oceanographic Institute, 
University of São Paulo, Brazil.

Engraulidae eggs were sorted and identified by their 
morphometric characteristics in four groups, types A, B, 
C (Engraulis anchoita) and D, as described by FAVERO 
et al. (2014). Major and minor egg axes were measured 
automatically through photographs using the program 
ImageJ. All Engraulidae eggs of each group were measu-
red, except when the number of individuals for a given 
group exceeded 100. In these instances, 100 eggs were 
randomly selected for measurement.

Data analyses

Frequency of occurrence (FO) for each egg type in 
each mesh size net was calculated by FO = (pi/p)*100, 
where pi was the number of stations where the egg 
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Table 1. Frequency of occurrence (FO) in the 0.333 mm 
and the 0.505 mm mesh net; number of stations (N) where 
the egg types occurred in just one of the nets.

FO (%) N

0.333 mm 0.505 mm 0.333 mm 0.505 mm

Total eggs 98.84 98.84

Engraulidae eggs 27.91 27.91 19 19

Type A 2.91 6.98 2 9

Type B 4.07 4.07 6 6

E. anchoita 25.00 18.60 22 10

Type D 13.37 8.14 14 5

type “i” was present, and p the total number of stations 
(GUILLE, 1970).

For data descriptions and analyses the number of 
Engraulidae eggs was standardized according to the volu-
me of seawater filtered (eggs/m3).

As our abundance data were not normally distributed 
and the samples are dependent, to verify the influence of 
the mesh size on volume of seawater filtered, volume of 
plankton and abundance of fish eggs, the non-parametric 
Wilcoxon paired-sample test (ZAR, 1999) was performed. 
Although a few studies have compared the effects of di-
fferent mesh-sizes on the plankton catch using consecu-
tive tows (SOMERTON; KOBAYASHI, 1989; CHUTE; 
TURNER, 2001; TSENG et al., 2011; MAKABE et al., 
2012), factors such as tow depth, tow time and net speed 
are difficult to control when separate tows are made and 
compared. As the bongo net was fitted with two different 
mesh size nets, all the factors cited above were the same 
at each station, enabling a pairwise correlation of the da-
ta from the two nets, as was done by MATSUURA and 
NAKATANI (1980), and SANCHEZ and CIECHONSKI 
(1984). In this case, a paired-sample test will be more po-
werful than the two-sample test (ZAR, 1999). This analy-
sis was done only at the positive stations, meaning that 
only at the stations where Engraulidae eggs were collected 
in at least one mesh size net.

The difference in the egg axes size per mesh was tes-
ted by the two sample Student´s t-test, with confidence le-
vel of 99% (p < 0.01).

All the analyses described were made using R softwa-
re (R Core Team, 2012).

RESULTS
A total of 306,711 fish eggs were collected, 66,331 

(21.63%) of them being of the Engraulidae family. 
Engraulis anchoita represented 92.89% (n = 61,615) of all 
Engraulidae egg samples, followed by type D, with 3.26% 
(n = 2,160), type A with 2.95% (n = 1,960) and type B with 
0.90% (n = 596).

Of the 172 oceanographic stations sampled, only at 
two were there no fish eggs. Engraulidae eggs were found 
at 38.95% of the stations. Engraulis anchoita was the 
Engraulidae with the highest FO, of 31.40%. Again, E. 
anchoita was followed by type D, with 16.28%, type A 
with 8.14% and type B with 7.56% FO.

As Engraulidae eggs were present at only five stations 
during 1982, all the statistical analyses were undertaken 
for both years together.

For type B eggs, FO was the same for both nets; howe-
ver, at six stations this type occurred only in the 0.505 mm 
mesh size and at the other six stations, only in the 0.333 
mm. For type A, FO was higher in the 0.505 mm mesh net, 
but at two stations type A eggs occurred only in the 0.333 
mm mesh net. For E. anchoita and type D eggs, FO was 
higher in the 0.333 mm mesh net, though they were pre-
sent in the 0.505 mm mesh net but absent in the 0.333 mm 
mesh net at 10 and 5 stations, respectively (Table 1).

Even with the volume of water filtered being gre-
ater in the 0.505 mm mesh net, the median volume of 
plankton and the median abundance of total fish eggs and 
of Engraulidae eggs were higher in the 0.333 mm mesh 
size net. Among the Engraulidae, the median abundances 
of eggs of types A and B estimated for the two mesh sizes 
were not significantly different, but the median abundance 
of E. anchoita and type D was higher in the 0.333 mm 
mesh net (Table 2).

The egg abundance differences between the 0.333 and 
0.505 mm mesh nets varied at each station for each egg 
type, showing no constant pattern (Figure 2). Type A and 
type B showed low values of abundance differences be-
tween the 0.333 and 0.505 mm mesh nets. For E. anchoita, 
there was only one station where the egg abundance sam-
pled with the 0.505 mm mesh net was much higher than 
the egg abundance sampled with the 0.333 mm mesh, with 
an abundance difference of 114 eggs/m3; at the other sta-
tions, more E. anchoita eggs were sampled with the 0.333 
mm mesh net, with difference values varying from almost 
zero to 41.08 eggs/m3. For type D eggs, at most stations 
the 0.333 mm mesh net sampled more eggs than the 0.505 
mm mesh net, and only in a few cases was the 0.505 mm 
mesh net more efficient than the 0.333 one, but with low 
difference values, less than 0.08 eggs/m3.

The stations that sampled more E. anchoita and 
type D eggs with the 0.505 mm net were not associated 
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Table 2. Amplitude and median values of sea water filtered volume (m3), plankton volume (ml/m3) and egg abundance (eggs/
m3) collected with 0.333 mm and 0.505 mm mesh nets in the southern Brazilian Bight during 1975 and 1982. P-values (P) 
of Wilcoxon paired-sample test and number of positive stations (N).
  Amplitude Median Value P N

  0.333 mm 0.505 mm 0.333 mm 0.505 mm   

Filtered volume (m3) 79.5 - 690.7 85.9 - 690.7 235.1 268.5 < 0.01 172

Plankton volume (ml/m3) 0.02 - 2.67 0.01 - 2.14 0.27 0.18 < 0.01 172

Total eggs 0 - 330.7 0 - 128.6 0.97 0.67 < 0.01 170

Total Engraulidae 0 - 54.9 0 - 117.2 0.09 0.01 < 0.01 67

Abundance* (eggs/m3) Type A 0 - 2.92 0 - 8.21 0 0.04 0.15 14

Type B 0 - 0.76 0 - 2.95 0 0.01 1 13

Engraulis anchoita 0 - 53.75 0 - 114.5 0.24 0 < 0.01 54

Type D 0 - 7.11 0 - 2.70 0.03 0 < 0.01 28
* Positive stations.

Figure 2. Differences (eggs/m3) between the four types of Engraulidae 
egg abundances sampled by 0.333 mm and 0.505 mm mesh net in 
the southern Brazilian Bight, during 1975 and 1982. Positive values 
mean that the abundance of eggs sampled by 0.333 mm mesh size 
was higher than that of the 500 mm, and negative values the opposite.

Figure 3. Bubble plot of the egg abundance logarithmized (represented 
by circles) of E. anchoita (left) and type D (right), and the proportion 
of eggs sampled with the 0.333 mm and the 0.505 mm mesh net at each 
station sampled in the southern Brazilian Bight during 1975 and 1982 
and the volume of plankton interpolated, obtained at the same stations 
during the same years. Small black dots represent the negative stations.

with the stations that presented higher abundance of 
plankton (Figure 3).

Mean value of the major axis was significantly 
different between mesh size nets for types A, B and E. 
anchoita; no significant difference being observed for type 
D. Types A and B eggs also had different mean values of 
the minor axis for the two nets, however no significant 
difference was observed for E. anchoita and type D eggs 
(Table 3). The low size range of the egg axes in the four 
egg types identified may be seen in Table 3.

No correlations between egg abundance sampled with 
the 0.333 mm and the 0.505 mm mesh nets were observed 
for E. anchoita and type D eggs, making it impossible to 
establish a correction factor (Figure 4).

DISCUSSION
A bongo net towed at a low speed had been conside-

red to be the best sampling gear for ichthyoplankton sur-
veys (SMITH; RICHARDSON, 1977), but bongo nets 
do not prevent some problems inherent to the process 
of sampling plankton, such as clogging, avoidance and 
extrusion. Clogging is responsible for the reduced ratio 
between porosity and the filtering area due to the accu-
mulation of particles in the mesh openings (VANNUCCI, 
1968). The clogging rate is affected by: composition and 
density of suspended materials in the water, mesh size, the 
ratio of the filtering to the mouth area, and the form of the 
net (SMITH et al., 1968). Avoidance is size-dependent: 
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Figure 4. Plot of the abundance of eggs sampled with the 0.333 mm 
mesh net versus the abundance of eggs sampled with the 0.505 mm 
mesh net for Engraulis anchoita and type D eggs.

Table 3. Number of eggs measured (N), size range, mean and standard deviations of the major and minor axes for each 
Engraulidae egg type sampled in southern Brazilian Bight during 1975 and 1982 using a bongo net fitted with a 0.333 mm 
and 0.505 mm mesh net. P- values (P) of Student´s t-test.

Major Axis (mm) Minor Axis (mm)

N Size Range Mean ± SD P Size Range Mean ± SD P

0.333 0.505 0.333 0.505 0.333 0.505 0.333 0.505 0.333 0.505

Type A 117 274 1.17 - 1.61 1.20 - 1.57 1.39 ± 0.07 1.36 ± 0.06 < 0.01 0.62 - 0.82 0.60 - 0.80 0.72 ± 0.05 0.70 ± 0.04 < 0.01

Type B 57 91 0.91 - 1.18 0.97 - 1.17 1.10 ± 0.05 1.06 ± 0.04 < 0.01 0.63 - 0.78 0.62 - 0.73 0.71 ± 0.04 0.67 ± 0.02 < 0.01

E. anchoita 898 559 0.85 - 1.21 0.83 - 1.23 1.03 ± 0.06 1.01 ± 0.07 < 0.01 0.45 - 0.63 0.42 - 0.62 0.52 ± 0.03 0.52 ± 0.03 0.42

Type D 194 155 0.76 - 0.99 0.67 - 1.01 0.89 ± 0.05 0.88 ± 0.05 0.08 0.45 - 0.71 0.47 - 0.70 0.56 ± 0.05 0.55 ± 0.04 0.32

as larvae grow and develop, they improve their ability to 
detect net pressure and their swimming ability, evading 
plankton nets (JOHNSON; FOGARTY, 2013). Extrusion 
represents the loss of ichthyoplankton through the net me-
shes by the combined effects of hydraulic pressure, mor-
phology and size of the fish larvae and eggs, net mesh size 
and stability (VANNUCCI, 1968). Increasing the towing 
speed may improve the catch efficiency of larger zoo-
plankton, but results in greater loss of small individuals 
by extrusion. In general, smaller fish eggs and larvae are 
extremely vulnerable to changes in filtration pressure and 
extrusion (SMITH; RICHARDSON, 1977). Furthermore, 
ichthyoplankton patchiness makes sampling of these or-
ganisms even more difficult. Of all the problems cited, we 
can easily eliminate avoidance in this present study, as fish 
eggs cannot swim away from a net.

In a conical net, water flow is evenly distributed 
throughout its length and, if clogging occurs, it will be 
distributed evenly over the entire surface. In the combi-
ned cylindrical and cone designed net (as in the bongo net 
used) some of the water is naturally diverted by the co-
ne model and is filtered through the cylinder (CURRIE, 
1963). The porous cylindrical part, in front of the fil-
tering cone, probably oscillates in response to eddies 
caused by the ring, and so cleans itself of accumulated 
organisms, reducing the rate of clogging (TRANTER; 
SMITH, 1968).

Fine-mesh nets, with comparable filtering areas, filter 
initially as well as larger mesh sizes do, but clog more 
rapidly. In the relatively clear water of Catalina Island, 
California, three different mesh size nets maintained 
high filtering efficiency for 18 minutes, after which the 
0.101 mm mesh net clogged to 83% efficiency and af-
ter 30 minutes the 0.201 mm mesh net clogged to 84% 
efficiency. The 0.333 mm mesh net had about 85% filtra-
tion efficiency during one hour of towing (SMITH et al., 
1968). SOMERTON and KOBAYASHI (1989) studying 
Hawaii anchovy eggs (Encrasicholina purpurea), obser-
ved that the catch of the plankton net of a 0.183 mm mesh 
size was significantly less than that of a 0.335 mm one, 
indicating that the smaller mesh net was likely clogged. 
HERNANDEZ et al. (2011) found no differences in total 
fish larvae and egg densities between 0.333 mm and 0.200 
mm mesh bongo nets. Those authors observed that only 
two out of 22 pairs of samples clogged, mainly because of 
the low volume of water filtered during their 1-18m obli-
que tows, of approximately 67 m3. In the present study, 
since we used conical- cylinder nets of 0.333 and 0.505 
mm mesh, larger than those used in the studies discussed 
above, our tows did not last more than 15 minutes, and as 
the 0.505 mm mesh net did not sample more eggs at the 
stations with higher plankton abundance, where the 0.333 
mm net would clog, we can also disregard the clogging 
effect.
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A number of studies have documented the effect of 
mesh size on the retention of larvae, with the general 
conclusion that larger mesh sizes efficiently collect the 
late ontogenetic stages but underestimate the initial lar-
val stages due to extrusion (e.g. HOUDE; LOVDAL, 
1984; LESLIE; TIMMINS, 1989). In contrast, smaller-
-mesh nets collect smaller size classes of larvae, but 
are prone to clogging - thus reducing their effectiveness 
in sampling larger size classes (SMITH et al., 1968; 
TRANTER; SMITH, 1968). In this regard, inappro-
priate mesh-size nets are one of the most important 
sources of sampling bias affecting organism size and 
development stage data (SMITH et al. 1968; COLTON 
et al. 1980). In our results, the eggs of each Engraulidae 
type exhibited low variations of the major and minor 
diameters and the 0.333 mm mesh net sampled type A 
and B eggs larger than the ones sampled in the 0.505 
mm mesh net, the opposite of what was expected. For 
E. anchoita and type D eggs, which were more abun-
dant in samples of the 0.333 mm mesh net, there were 
no size differences when the two nets were compared. 
Thus, the different mesh used had no egg size selecti-
vity within each egg type, and our data presented no 
length-frequency bias.

Another reason why the quantitative difference for 
E. anchoita and type D eggs cannot be associated when 
comparing both nets with the egg size is that there we-
re minor variations in axes varying from 0.45 to 0.71 
mm, the smaller dimension being smaller than the 0.505 
mm mesh aperture and the mesh diagonal. In our stu-
dy we used nets that had diagonals of approximately 
0.45 and 0.71 mm for the 0.333 and 0.505 mm nets, 
respectively. SMITH et al. (1968) summarized the re-
sults of SAVILLE (1958) and concluded that the ma-
ximum cross-section diameter of an organism must be 
wider than the mesh diagonal to be fully retained. Some 
authors considered this “Diagonal rule” too conservati-
ve (e.g. LENARZ, 1972; SANCHEZ; CIECHOMSKI, 
1984; SOMARAKIS et al., 1998). The engraulid eggs, 
excluding type D, only had a major axis larger than the 
0.71 mm diagonal and all the eggs of E. anchoita and 
type D, and some eggs of types A and B had a minor 
axis smaller than 0.71 mm. Since we cannot confirm 
whether ellipsoid eggs were retained due to their minor 
or major axes, we believe that the “Diagonal rule” was 
not applicable in this study.

The patchiness of planktonic fish eggs and lar-
vae has been well described (e.g. MCGURK, 1986; 

MATSUURA; HEWITT, 1995; BRADBURY et al., 
2003; MAYNOU et al., 2006), even for some species 
of the Engraulidae (HEWITT, 1981). The role of pa-
tchiness as a component of the sampling bias was stu-
died by WIEBE and HOLLAND (1968) and WIEBE 
(1970; 1971). These studies emphasized the importance 
of the size analyses, distribution and density of zoo-
plankton patches for the understanding of the sampling 
bias. The large values of the abundance amplitude in 
the present study indicate patchiness in the occurrence 
of the Engraulidae eggs, but no conclusion about the 
characteristics of these patches can be drawn from our 
data. Further studies on patch size and density and whe-
ther it is possible for one bongo net to pass through the 
patch and the other not, or the possibility for one net to 
pass through a denser part of the patch must be under-
taken to confirm whether the differences in sampling 
Engraulidae eggs with different mesh nets are caused 
by patchiness. The patchiness effect could also explain 
why eggs of all types were sampled in the 0.505 mm 
mesh net but were absent in the 0.333 mm mesh net 
at some stations, and why at one station the 0.505 mm 
mesh net abundance of E. anchoita was much higher 
than the abundance sampled with the 0.333 mm mesh 
net, with a difference of 114 eggs/m3. If the differen-
ce in mesh retention was the only factor involved, this 
would not happen.

As in our results, in MATSUURA and NAKATANI 
(1980) the 0.333 mm mesh net collected mo-
re E. anchoita eggs than the 0.505 mm mesh net in 
the Santos area of the southern Brazilian coast in 
November 1977. However, those authors only sampled 
five fixed stations and did not evaluate the abundance 
difference at each station, or if there was any mesh 
effect on the egg size. On the other hand, SANCHEZ 
and CIECHOMSKI (1984) analyzing E. anchoita eggs 
sampled on the Uruguayan and Argentinian coasts 
during the spring of 1981 did not observe any diffe-
rence in the abundance obtained with the 0.333 and 
the 0.505 mm mesh nets. According to SANCHEZ and 
CIECHOMSKI (1984), the difference in the results is 
caused by the regional variation, as the minor axis of 
the E. anchoita eggs sampled on the Uruguayan and 
Argentinian coasts was larger than the ones sampled 
in the Santos area and also greater than those sampled 
in the present study. The dimension of the minor axis 
varied between 0.68 and 0.70 mm on the Uruguayan 
and Argentinian coasts (CIECHOMSKI, 1973); on 
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the Brazilian southeast coast, the minor axis mean 
value observed by MATSUURA and NAKATANI 
(1980) was of 0.58 mm and, in the present study, of 
0.52 mm. It is known that the southeastern Brazilian 
Bight, excluding the Santa Marta Cape region, has 
one unit stock of E. anchoita and southern Brazil ano-
ther (CARVALHO; CASTELLO, 2013). The southern 
Brazil stock is the same as that named bonaerense off 
Argentina and Uruguay (CARVALHO; CASTELLO, 
2013).

The extent to which clogging, avoidance and ex-
trusion of fish larvae and eggs is a problem depends 
upon the objective of the study. Ecological studies of 
ichthyoplankton communities, e.g. dominant species 
and species composition, will be subject to some bias 
as a result of these problems, but this bias may not be 
serious. However, studies of the distribution and abun-
dance of newly-hatched larvae or the estimate of mor-
tality rates from length frequencies will incorporate 
serious bias if clogging, avoidance and extrusion losses 
are overlooked (JOHNSON; MORSE, 1994). As there 
were no differences in the abundance of Engraulidae 
eggs of types A and B in the two mesh sizes tested, the 
results obtained with each net were comparable. On 
the other hand, our results showed that the 0.333 mm 
mesh net tends to sample more E. anchoita and type 
D eggs than that of 0.505 mm, but as no correlation 
was observed between these eggs captured in the two 
nets, we could not calculate any correlation factor to 
facilitate the comparisons. As discussed above, we can 
ignore avoidance, clogging and egg-size mesh-selecti-
vity effects as they do not affect these results. Thus, 
the difference between the eggs captured at each station 
seems to occur randomly due to egg patchiness or to 
other, unanalyzed, factors.

In conclusion, the abundance of Engraulidae eggs 
sampled with a bongo net of 0.333 mm and 0.505 mm 
mesh sizes in the southeastern Brazilian Bight can be com-
pared if they are of types A or B, but if they are Engraulis 
anchoita or of type D, some caution is recommended 
when comparing these results.
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