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The summer (July 2002 and 2003) larval concentrations of two commercially important clupeoid species (order: Clupeiformes),
the European anchovy (Engraulis encrasicolus) and round sardinella (Sardinella aurita), were measured in Kavala Gulf (northern
Aegean Sea), in order to examine their distribution patterns. Anchovy was generally most abundant, reaching 13 852 larvae 10m−2
in 2003 and occurred in more stations compared to round sardinella. Despite the spawning of both species occurring across the
entire gulf, the general spatial distribution of their larvae was different, with European anchovy larvae occupying the entire gulf
and round sardinella larvae mainly concentrated at offshore stations.The reason proposed for the spatial segregation of their larvae
is direct competition for resources. Yet, coexistence of the two species was observed in frontal areas with abundant food resources
that prevent competition.

1. Introduction

Competition can be an important factor in structuring ich-
thyofaunal communities because it largely determines the
distribution and resource partitioning of closely related
species, hence affecting their population characteristics [1].
Sympatric occurrence of closely related species utilizing the
same resources may result in interspecific competition [2],
which in turn may lead to one species differentiating in order
to survive [3]. This condition holds only when the shared
resource is limited [4]. On the contrary, competing species
can coexist when a resource is unlimited [5] or above the
surviving level of an organism [6].

Competition among fish larval stages may be avoided
through successive larval appearance in time emerging from
successive adult spawning [7, 8], spatial segregation [9], or
occupation of different depth ranges [10]. Temporal succes-
sion of spawning among closely related species with common
life-history characteristics, as a strategy for avoiding resource
overlapping, has been reported to occur within families of
marine fishes (Sparidae [11]; Mugilidae [12]). Competition
avoidance through the selection of distinct habitats (in terms
of depth range and distance from shore) will ensure optimal

growth and survival at the vulnerable larval stages [1]. Such
selective adaptations to habitats with often less favourable
conditions have been reported for clupeoid fishes (order:
Clupeiformes) at various life stages [13].

Clupeoid fishes consist of one of the major fish groups
that account formore than 30% of the global marine landings
[14]. In Greek waters, three clupeoid fishes, the European
anchovy (Engraulis encrasicolus, family: Engraulidae), the
European sardine (Sardina pilchardus, family: Clupeidae),
and round sardinella (Sardinella aurita, family: Clupeidae),
constitute the vast majority of pelagic fish landings reaching
40% of the total marine captured production [15]. These
clupeoid species are sympatric [9] and omnivorous with
preference for zooplankton [16] and have common life-
history characteristics (fast growing, small sized, short lived,
early maturing, highly fecund with pelagic eggs and larvae
[17]). In theMediterranean Sea, the European sardine spawns
during the cold season (autumn-winter: [7, 8]), while the
European anchovy is a spring-summer spawner [8, 18].
Contrary to the European sardine and anchovy that exhibit
prolonged spawning, round sardinella at the NE Mediter-
ranean spawns over a relatively short period during the
summer [19]. The consecutive, nonoverlapping spawning of
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Figure 1: Map of the study area (Kavala Gulf, northern Aegean Sea,
Greece) showing the grid of 17 sampling stations (+). The depth
contours of 25, 50 and 100m are indicated.

sardine and anchovy eliminates the possibility of interspecific
competition between their larval stages. However, the recent
geographic shift and subsequent population outburst of
round sardinella in the northern Aegean Sea [20] and the
partial coincidence of its spawning with the peak of anchovy
spawning that occurs in late June-early July [8] may generate
competition among their offspring for resources. Previous
work on the ichthyoplankton assemblages of the northern
Aegean Sea during the summer confirms the cooccurrence
of round sardinella and anchovy larvae at certain areas [21].

Thus, the principal objective of this work is to examine
any coexisting/avoiding patterns between anchovy and round
sardinella larvae through the assessment of their spatial dis-
tribution and abundance and secondly to investigate whether
these patterns are determined by physical (e.g., temperature)
or biological (e.g., competition) processes. The findings of
the present work may be applicable to other areas of the
northernMediterranean coastlinewhere round sardinella has
been recently expanded (e.g., Adriatic Sea) and may compete
with anchovy and sardine for food and space.

2. Materials and Methods

Clupeid larval fish and hydrographic data were collected at
the northern Aegean Sea (Kavala Gulf, 24∘ 25Ε, 40∘ 52 N)
across a fixed grid of 17 stations (Figure 1) in two surveys,
carried out on the 2nd and 3rd of July 2002 and 2003. Kavala
Gulf is a shallow gulf covering an area of 264 km2 and is
located on the continental shelf of the northern Aegean Sea
(for a full description of the gulf see Tsikliras et al. [22]),
which supports some of the most productive fisheries, in
terms of biomass landed, in Greek waters (Greek fishing
subarea 14 [23]).

A paired bongo net sampler was used for the collection of
larvae. This sampler design has two 60 cm diameter frames
fitted with 250 𝜇m mesh conical nets. A flowmeter was

centrally mounted at the opening of each frame to estimate
the volume of water (m3) flowing through the net. Sampler
was deployed in a double oblique tow from the surface
to 1-2m of the seabed. Retrieval speed was 20m min−1.
Upon recovery of the sampler, the plankton was fixed with
4% buffered formaldehyde solution for later quantitative
sorting. Anchovy and round sardinella larvaewere sorted and
measured for standard length (SL, mm).The standard length
frequency distributions of both species between “shallow” or
inshore (depth not exceeding 20m: stations 6, 7, 8, 9, 10, 11, 12,
and 13) and “deep” or offshore (deeper than 20m: stations 1,
2, 3, 4, 5, 14, 15, 16, and 17) stations [24] were compared for
statistical differences using the Kolmogorov-Smirnov (KS)
nonparametric test.

The percent frequency of occurrence and abundance of
larvae across stations were determined per survey. Clupeoid
larval abundance was expressed as number of larvae beneath
a unit sea surface area (10m2) by dividing the numbers
per sample by the volume of water filtered and then by
multiplying the larvae m−3 by the sampling depth (in m)
during deployment [25]. Physical variables were obtained
at each sampling station from CTD sensors (Ocean 301,
Idronaut) deployed simultaneously with the net sampler and
included temperature (SST, ∘C), salinity (SSS), and dissolved
oxygen (SSDO, mg L−1). Station depth (𝐷, m) was also
recorded. Larval abundance and physical/station variable
data were combined for both surveys in order to identify
the preferences of the early stages of anchovy and round
sardinella.

Schoener’s niche overlap index (𝑁) was used to estimate
overlap in terms of abundance between anchovy and round
sardinella at each station [26]:

𝑁 = 1 − 0.5

𝑛

∑

𝑖=1


𝑃
𝑥𝑖

− 𝑃
𝑦𝑖


, (1)

where 𝑃
𝑥𝑖

and 𝑃
𝑦𝑖

are ratios in terms of numbers at each
station 𝑖 between anchovy (𝑥) and round sardinella (𝑦). The
value of 𝑁 ranges between 0 (no overlap) and 1 (complete
overlap) with𝑁 values greater than 0.6 indicating important
overlap [26].

Anchovy and round sardinella abundance data from each
tow were transformed to log (number + 1) to conform to nor-
mality and homogeneity of variances. Significant differences
in environmental variables and abundance of clupeoid larvae
among stations and between surveys were detected using
analysis of variance (ANOVA) with factors depth, divided
into five depth zones (20, 30, 35, 40, and 45m), and year
(2002, 2003). The division to five depth zones was used
only for comparing larval abundances among stations and
not for comparing larval length distributions. Fisher’s least
significance difference (LSD) multiple range test was used to
detect where the differences occurred.

To complement ANOVA, a quotient-rule analysis was
applied to assess the preferred ranges of physical and station
variables for anchovy and round sardinella larvae. Each
variable was divided into a number of classes in a way to
ensure that the maximum occurrence of measurements per
class did not exceed 20% of all measurements [27]. For
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Figure 2: Horizontal distribution map of the number of larvae (𝑁/10m2) for anchovy, Engraulis encrasicolus (gray) and round sardinella,
Sardinella aurita (black), and their percentage contribution to the total clupeoid larvae in each station for 2002 (a) and 2003 (b) in Kavala Gulf
(northern Aegean Sea, Greece). (Bubbles are proportional to abundance with smallest bubble representing 1–100 larvae 10m−2 and largest
representing 10 × 103–15 × 103 larvae 10m−2; × indicates negative stations).

each species, the number of larvae found in each class was
expressed as a percentage of the total number of larvae
recorded (% larvae) and was divided by the percentage
frequency of occurrence of each class (% variable) giving the
quotient values (𝑄) for each variable class [27]:

𝑄 =
% larvae
% variable

. (2)

Quotient values > 1 indicate preference to a specific range of
variable, while those<1 indicate avoidance of the specific class
[27]. Quotient curves were generated from smoothed (using
a 6-point running mean) quotient values and were plotted
against variables.

A nonparametric Kolmogorov-Smirnov test was used to
compare cumulative frequency distributions of larvae per
environmental variable class against the distribution curves
of that variable [27] in order to test whether the larval
distribution was random with respect to physical and station
variables.The same test was also used to compare the cumula-
tive frequency distributions of anchovy and round sardinella
larvae per category for each variable. In all statistical analyses
a significance level of 𝑃 < 0.05 was used. All maps were
produced using Ocean Data View software [28].

3. Results

Anchovy larvae were most abundant than round sardinella
in both surveys. The frequency of occurrence of anchovy
larvae across stations was high as they were collected at 12
(70% of total) and 15 (88% of total) stations in 2002 and 2003,
respectively (Figure 2). The highest anchovy larval densities
were recorded at station 3 (4145 10m−2) in 2002 and at station
17 (13 852 10m−2) in 2003. Round sardinella larvae were
collected at 6 (35% of total) and 5 (29% of total) stations in
2002 and 2003, respectively, and reached 4617 10m−2 in 2003
(at station 17). Smaller round sardinella larvae were collected
at inshore stations, while larger larvae were collected further
offshore (KS = 1.372, DN = 0.538, 𝑃 = 0.046: Figure 3). In
contrast, the length frequency distribution of anchovy larvae
was homogeneous among stations (KS = 0.577, DN = 0.333,
𝑃 = 0.892; Figure 3).

Schoener’s niche overlap index showed that the overlap
between anchovy and round sardinella was lower than 0.5 in
inshore stations for both surveys (2002: 𝑁 = 0.488, 2003:
𝑁 = 0.349) and in offshore stations in 2002 (𝑁 = 0.341).
Higher overlap was recorded only in offshore stations in 2003
(𝑁 = 0.639). When all stations were combined together,
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Table 1: Results of the Kolmogorov-Smirnov analysis of round sardinella, Sardinella aurita, and European anchovy, Engraulis encrasicolus,
larvae (log number + 1) with physical (temperature, SST, ∘C; salinity, SSS; dissolved oxygen, SSDO,mg L−1) and station (depth,𝐷, m) variables.
(DN: maximum distance between the cumulative distributions of the two samples, KS: two-sided Kolmogorov-Smirnov statistic, 𝑃: level of
significance, and 𝑛: sample size).

Variable 𝑛
Anchovy larvae Round sardinella larvae

Preferred range DN KS 𝑃 Preferred range DN KS 𝑃

SST (∘C) 21 <24.4, >25.4 0.200 0.632 0.818 >24.3 0.250 0.790 0.559
SSS 21 <32.5 0.263 0.811 0.541 <32.5 0.421 1.297 0.068
SSDO (mg L−1) 21 7.85–8.30 0.217 0.737 0.648 7.90–8.65 0.260 0.884 0.419
𝐷 (m) 24 >34 0.409 1.356 0.050 >42 0.545 1.809 0.002
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Figure 3: Standard length (SL, mm) frequency distributions of
anchovy, Engraulis encrasicolus (white bars; 𝑛 = 71), and round
sardinella, Sardinella aurita (grey bars; 𝑛 = 25) larvae in inshore
and offshore stations of Kavala Gulf (northern Aegean Sea, Greece).
Data from both surveys (2002 and 2003) are combined.

overlap values were lower than 0.6 (2002: 𝑁 = 0.401, 2003:
𝑁 = 0.564), indicating no significant overlap.

The analysis of variance showed that both anchovy and
round sardinella larval abundances were higher in 2003 than
in 2002 (anchovy: ANOVA, 𝐹 = 8.87, 𝑛 = 26, 𝑃 = 0.006;
round sardinella: ANOVA, 𝐹 = 17.33, 𝑛 = 11, 𝑃 = 0.002).
The larval densities of anchovy were strongly homogeneous
among positive (i.e., excluding stations with no larvae)
stations (ANOVA, 𝐹 = 0.33, 𝑛 = 26, 𝑃 = 0.974) and depth
zones (ANOVA,𝐹 = 0.38, 𝑛 = 26,𝑃 = 0.817). Similarly, those
of round sardinella were fairly homogeneous among positive
stations (ANOVA, 𝐹 = 4.06, 𝑛 = 11, 𝑃 = 0.212) and depth
zones (ANOVA, 𝐹 = 0.64, 𝑛 = 11, 𝑃 = 0.611).

Sea surface temperature was lower at inshore stations,
with the warmest water, over 25∘C, occurring in the offshore
stations located at the SW part of the gulf (Figure 4). In 2003,
sea surface salinity was higher at the deeper SW part of the
gulf and lower towards the shore (Figure 4).

The quotient curve plots for anchovy and round sar-
dinella larval distributions showed their preferred range of

SST, SSS, SSDO, and depth (Table 1, Figures 4 and 5). The
quotient values > 1 for round sardinella were associated with
temperatures exceeding 24.3∘C and those of anchovy with
temperatures below 24.4∘C. Round sardinella larvae tended
to occur in warmer waters than anchovy ones. The preferred
salinity range is identical for both species as their larvae were
most abundant in salinities lower than 32.5. It seems that
these species share oxygen preferences with round sardinella
larvae being able to tolerate slightly broader oxygen range
(7.90–8.65) than anchovy larvae (7.85–8.30). A substantial
difference exists between the preferred depth ranges of
the species with round sardinella larvae preferring deeper
waters than anchovy larvae (Table 1, Figure 5). However, the
Kolmogorov-Smirnov test showed that the distribution of
anchovy larvae was random with respect to SST, SSS, and
SSDO (Table 1: 𝑃 > 0.54 in all cases) and marginally random
with respect to depth (𝑃 = 0.050). Similarly, the results from
the same test (Table 1) indicated that round sardinella larvae
were not randomly distributed with respect to depth (𝑃 =
0.002) and randomly distributedwith respect to SST, SSS, and
SSDO (𝑃 > 0.068 in all cases).

4. Discussion

Ecological theory predicts that an organism, which reduces
the available resource below the surviving level of its com-
petitors, will exclude them [6] or else competition will
cause niche diversification [2]. In order to avoid competitive
exclusion, when several clupeoid species spawn in the same
area, the parental stocks seem to have adjusted to successive
spawning, thus eliminating resource partitioning that would
emerge from the cooccurrence of their larvae [10]. Similarly,
in order to maximise resource utilization, clupeid larvae
may segregate and occupy a wide range of different depths
[10]. In any case, and irrespective of the driving force, the
coincidence of anchovy and round sardinella larvae in space
would increase competition when resources are limited and
hence the chances of mortality or stress are increased. When
conditions are favourable for larval growth and survival, the
two species may coexist with minimum competition.

Despite the fact that adult anchovy and round sar-
dinella occur and spawn across the entire Kavala Gulf [22],
anchovy larvae were dominant in occurrence and abundance
over round sardinella during both surveys. Their extended
distribution that covered almost the entire sampling area
and their exclusive occupation of the shallower N-NE part
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Figure 4: Horizontal distribution map of sea surface temperature (SST, ∘C), sea surface salinity (SSS), and sea surface dissolved oxygen
(SSDO, mg L−1) in early July 2002 (a) and 2003 (b) in Kavala Gulf (northern Aegean Sea, Greece).

of the gulf may be attributed to the onset of anchovy’s
spawning 1-2 months earlier than round sardinella’s. Indeed,
in the northern Aegean Sea, the spawning of anchovy occurs
from April to September and peaks in late June [8, 29,
30], while that of round sardinella occurs from May to
July, generally peaks in June, but may exhibit interannual
variations depending on sea temperature [19]. Additionally,
the adult and larval concentrations of the multiple spawning
anchovy often exceed by an order of magnitude those of
round sardinella [22].The earlier onset of anchovy’s spawning
and the high abundance of their larvae offer a competitive
advantage against the subsequently hatched round sardinella
competitors, which allows the prompt occupation of the
most favourable areas. Anchovy larvae have been reported
to occupy coastal areas often in areas influenced by river
plumes [31], which, contrary to offshore areas, may offer
higher growth rates because of higher prey availability and
higher survival because of decreased predation pressure [32].

The outnumbered round sardinella larvae are conse-
quently concentrated at stations where competition is min-
imized because of higher food availability [9, 33]. This
behaviour is characteristic for round sardinella, a typically
opportunistic and easy to adapt species [13]. Similar results,
with the less abundant round sardinella larvae occupying
the less favourable survival areas as a result of their possible
competition with anchovy, have been reported by Palomera
and Sabatés [9] for the NW Mediterranean coast. Morote
et al. [33] also report larger round sardinella larvae at off-
shore stations possibly indicating larval transport. The same
authors, however, report that round sardinella is a voracious
feeder and predict that, in cases of low prey availability, and
round sardinella can bemore successful than anchovy [33]. In
contrast, Sabatés et al. [7] report that round sardinella larvae
may be disadvantageous compared to anchovy ones because
their bathymetric distribution is limited to the upper 50m of
the water column. Thus, round sardinella larvae do not feed
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Figure 5: Quotient curves for anchovy, Engraulis encrasicolus (—), and round sardinella, Sardinella aurita (– −− – –), larval abundances with
(a) temperature (SST, ∘C), (b) salinity (SSS), (c) dissolved oxygen (SSDO, mg L−1), and (d) depth (m).

on the deep chlorophyll maximum layer probably owing to
their inability to tolerate lower temperatures [7].The extent of
bathymetric differences could not be explained in the shallow
Kavala Gulf where maximum depth does not exceed 50m.

It has been shown that the larval growth rates of anchovy
and round sardinella are similar during the first month after
hatching, estimated at 0.55 and 0.60mm d−1, respectively
[34].The similar growth rate is the reason that predation pres-
sure, one of the key parameters in larval abundance and dis-
tribution [35], upon the larvae of both species was assumed
equal and thus was not considered in the present study.

The environmental requirements of anchovy and round
sardinella larvae with respect to T, S, and DO did not differ
significantly. Thus, these variables cannot explain the distri-
bution pattern between their larvae. Similarly, the quotient
analysis showed that, with the exception of temperature, the
preferred range for the rest of environmental variables was
similar for both species (Table 1, Figure 5). The preference of
anchovy larvae for low salinity nutrient-rich coastal waters
has been previously stated for NW Mediterranean [36],
while Ettahiri et al. [37] report no relationship between
water salinity and round sardinella spawning off the south
Moroccan Atlantic coast but note that maximum round
sardinella egg concentrations occur between 19 and 21.1∘C.
Similarly, round sardinella’s spawning has been associated
with temperatures exceeding 20∘C in Adriatic Sea [38].

Contrary to the general avoidance pattern, anchovy and
round sardinella larvae were able to coexist in high numbers

outside the southern boundary of Kavala Gulf (at stations 14–
17, Figure 2). In the summer, an anticyclonic eddy is formed
outside the SW boundary of the gulf as a result of the
northern Aegean water entering Kavala Gulf from the strait
of Thassos, flowing westwards along the northern coast of
Thassos island, and then incorporated into the (generally)
cyclonic surface water circulation of the gulf [22]. A frontal
structure associated with these patterns is formed at the
SW part of the gulf, off the western coast of Thassos island
(Figure 4). This area is rich in zooplankton [39] probably
owing to this frontal structure [22, 40]. The chances of
larvae coexisting without any significant competition among
them are higher in areas of high productivity resulting from
continuous replenishment in nutrients, such as fronts and
upwelling regions. Fronts have been previously reported
to attract spawners [41] and, hence, to concentrate high
numbers of larvae [42], while the general water circulation
[43] and bottom topography [44] may also affect the general
pattern of larval distributions. Finally, Olivar et al. [45] report
that the larvae of anchovy and round sardinella are able to
coexist under certain environmental conditions and that the
likelihood of survival is greater when their concentrations
coincide with high zooplankton biomass.
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