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ABSTRACT. Temporal variation of the population dynamics of the medusae and ctenophores (gelatinous 
zooplankton) is described over an annual cycle in the Mar del Plata Harbor, Argentina. A total of 18 species 
were identified, 3 of which were ctenophores (2 of Class Tentaculata and 1 of Nuda) and 15 medusae (14 of 
Class Hydrozoa and 1 of Scyphozoa). A species of hydromedusae, Annatiara affinis, was observed for the 
first time in the Argentine Sea. In both groups, species richness and abundances showed the lowest values 
in the cold period (austral autumn-winter) and the highest values in the warm period (spring-summer). The 
meroplanktonic medusae Obelia sp. and Eucheilota ventricularis as well as the holoplanktonic Liriope tetraphylla 
represented 94.2% of the total abundances of this group (classified as dominant). In the ctenophores, the 
dominant species were Pleurobrachia pileus and Mnemiopsis leidyi, which accounted for 99.3% of the ctenophores. 
Monthly medusae succession indicated that holoplanktonic species were dominant over practically all the 
annual cycle in terms of abundance, while considering species richness values, meroplanktonic species 
showed highest values. Ctenophores (considering abundance values) was displayed alternating periods of 
approximately three months of dominance between P. pileus and M. leidyi. The Bray-Curtis similarity index 
performed on medusae identified two groups of seasons with faunal affinity, the 1) cold and 2) warm periods, 
with the water temperature and non-gelatinous zooplankton abundances as the environmental factors that 
best explained this variability (BIO-ENV analysis), while for ctenophores, temporal faunal homogeneity was 
observed and a single group with faunal affinity was identified.

 [Keywords: zooplankton abundance, species richness, faunal similarity, Obelia sp., Liriope tetraphylla, Hydrozoa, 
Scyphozoa, Nuda, Tentaculata, Mar del Plata coast]

RESUMEN. Sucesión estacional de zooplancton gelatinoso (medusae y ctenophores) del puerto de Mar 
del Plata, Argentina (Océano Atlántico sudoccidental). Se describe la variación estacional de la dinámica 
poblacional de las medusas y ctenóforos (zooplancton gelatinoso) a lo largo de un ciclo anual en el puerto de 
Mar del Plata, Argentina. Se identificaron un total de 18 especies, de las cuales 3 fueron ctenóforos (2 de la clase 
Tentaculata y 1 de Nuda) y 15 medusas (14 de la clase Hydrozoa y 1 de Scyphozoa). La hidromedusa Annatiara 
affinis representó un nuevo registro para el Mar Argentino. En ambas agrupaciones, la riqueza específica y 
las abundancias mostraron los valores más bajos en el período frío (otoño-invierno austral) y los más altos 
en el período cálido (primavera-verano). Las medusas meroplanctónicas Obelia sp. y Eucheilota ventricularis, 
así como la holoplactónica Liriope tetraphylla, representaron el 94.2% del total de las abundancias de este 
grupo (clasificadas como dominantes). En los ctenóforos, las especies dominantes fueron Pleurobrachia pileus 
y Mnemiopsis leidyi, que representaron el 99.3%. La sucesión mensual en las medusas indicó que las especies 
holoplanctónicas fueron dominantes casi en todo el ciclo anual en términos de abundancia, mientras que, 
sobre la base del número de especies, las meroplanctónicas presentaron valores mayores. En los ctenóforos 
(considerando sus abundancias), se observaron períodos intercalados de ~3 meses de dominancia entre M. 
leidyi y P. pileus. El índice de Bray-Curtis aplicado a las medusas identificó la presencia de dos agrupaciones de 
estaciones climáticas con afinidad faunística: 1) frío y 2) cálido; los factores ambientales que mejor explicaron 
dicha variabilidad fueron la temperatura del agua y las abundancias del zooplancton no gelatinoso (análisis 
BIO-ENV). En el caso de los ctenóforos, se observó una homogeneidad faunística temporal y se identificó un 
solo grupo con afinidad de especies.

[Palabras clave: abundancias del zooplancton, riqueza específica, similitud faunística, Obelia sp., Liriope 
tetraphylla, Hydrozoa, Scyphozoa, Nuda, Tentaculata, Costas de Mar del Plata]
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INTRODUCTION

Medusae and ctenophores have been 
categorized as part of the gelatinous 
zooplankton (GZ). GZ represent a functional 
group composed of different phyla (e.g., 
Chaetognatha, Ctenophora, Cnidaria, 
Chordata, etc.) that contain a high percentage 
of body water (>95%), which gives them their 
peculiar gelatinous aspect and some degree 
of transparency and fragility (Haddock 
2004; Daly et al. 2007). Particularly, medusae 
and ctenophores are noticeable due to their 
abundance and species richness (Raskoff et al. 
2003; Haddock 2004). In the present study, the 
broad term GZ encompasses the planktonic 
medusa phase of the classes Hydrozoa and 
Scyphozoa, as well as the ctenophores. 

Although medusae and ctenophores 
being different phyla, having physiological 
characteristics that distinguish them and 
differentiate from other marine invertebrates 
(e.g., the presence of cnidocysts and 
colloblasts, respectively), both share certain 
life-history characteristics allowing them 
coincide temporal and spatially (Purcell and 
Mills 1988). However, despite that, they can 
exhibit different levels of responses in feeding, 
reproduction, growth and presence/absence 
to the variation of the physicochemical and 
biological conditions of the environment 
(Purcell and Mills 1988).

The seasonal variability of zooplankton 
abundance, including medusae and 
ctenophores, is associated with dynamic 
processes that modify the relative contributions 
of taxonomic groups or species, principally 
hydrodynamic interactions, intraspecific 
biological processes, interspecific ecological 
interactions (Mackas and Beaugrand 2010) and 
the life cycles (Graham et al. 2001). However, 
these influences vary according to the species 
because each one displays different affinities 
for particular hydrobiological characteristics, 
making the composition of this functional 
group temporally and spatially dynamic 
(Goy 1997). 

The life cycles (meroplanktonic and 
holoplanktonic strategy) plays an essential 
role in an organism´s presence or absence, 
the frequency of occurrence, and abundances 
(Graham et al. 2001). These life cycles involve, 
in most cases, rapid population growth, 
reaching high abundances (Mills 2001) and 
becoming dominants, at least seasonality, in 
the pelagic environment of different regions 

(Pagés et al. 1996). For these reasons, some 
species may be abundant in a particular period, 
followed by an extended period of absence in 
the water column and then reappear (Benovic 
et al. 1987), perhaps due to qualitative changes 
at individual levels (variation in the life cycle) 
or quantitative changes in population levels 
(variation in the life history) (Giangrande et 
al. 1994). In the first case, a species persists 
locally at different times during different life 
cycle stages, while with variation dependent 
on life history, a species may experience 
alternating peaks and seasonal scarcity in its 
adult populations (Boero et al. 2008).

The GZ species shown both strategies: 
meroplanktonic species with benthic stages 
adopt life cycle adjustments, whereas 
holoplanktonic species tend to be associated 
with life history variation. In both cases, 
massive occurrences can be regularly spaced 
in time, with alternating periods of abundance 
and scarcity, but these occurrences are 
usually irregular with variable lags between 
successive peaks (Boero et al. 2008 and 
references therein).

A few abundant species often dominate 
plankton communities, but these species 
may change with time, giving rise to rapid 
temporal successions (Boero 1994). Ecological 
succession is an orderly and directional 
process of community development; is self-
controlled, discontinuous, and shaped by the 
physical variability of the environment and 
leads to a stable ecosystem (Odum 1969). 
In dynamic systems such as coastal areas, it 
has been shown that plankton assemblages 
are likely to evolve over short periods (i.e., 
among seasons or even within seasons). The 
development of the zooplankton population 
follows the spring phytoplankton bloom, 
with successive presence of grazers and 
predators. The combined effects of autumn 
water-column destabilization and reduction 
in day length bring the annual succession to 
its end (Romagnan et al. 2015). 

Several studies of GZ have been conducted 
during the last 25 years, which allows for a 
complete knowledge of the species richness 
in the temperate waters of the Southwestern 
Atlantic Ocean (SWAO) (e.g., Mianzan 1999; 
Genzano et al. 2008a; Rodríguez et al. 2017); 
however, none of these studies have described 
the succession of species during the different 
seasons. The analysis of these regional topics 
is of great importance because GZ have several 
ecological roles, such as a considerable effect 
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on the plankton community through direct 
predation and competition for food (Alldredge 
1984), and trophic cascading effects (Schneider 
and Behrends 1998), and diverse non-trophic 
interactions with other biological groups (e.g., 
see Schiariti et al. 2018). However, due to the 
highly seasonal occurrence of many gelatinous 
species, their structuring effect is often 
temporary (Behrends and Schneider 1995). 
To quantify the role of GZ in an ecosystem, 
knowing their seasonality is paramount. For 
these reasons, we analyze the seasonal changes 
in the GZ in the Mar del Plata Harbor over an 
annual cycle with the aim to describe, for the 
first time, the seasonal succession of species, 
and their relationship with environmental 
factors. 

MATERIALS AND METHODS 

The zooplankton samples used in the present 
study were collected weekly-biweekly during 
the warm period (austral spring-summer) and 
monthly in the cold period (austral autumn-

winter) over an annual cycle (March 2014 to 
March 2015) in the Mar del Plata Harbor, 
Argentina (38°08´17” S - 57°31´18” W) 
(Figure 1) with a standard zooplankton net 
(75 cm mouth diameter, 500 μm mesh size) by 
means of oblique tows from the surface to the 
bottom. All GZ specimens were classified into 
the lowest taxonomic level and their temporal 
distribution of their abundances was analyzed. 
For the purpose of the present study, we 
calculated the mean monthly and seasonal 
abundances data, as well as the frequency of 
occurrence (%FO, as the percentage of samples 
in which a given species occurred from the 
total), and relative abundance (%RA, as the 
percentage of specimens of a given species 
among of the total specimens). 

The same plankton samples were used 
to count and identify the non-gelatinous 
zooplankton groups (non-GZ; biological 
parameter ) to a higher taxonomic level 
(Copepoda, Amphipoda, Mollusca, etc.), to 
have an idea of the prevailing zooplankton 
community. These non-GZ are considered 

Figure 1. Map of the study area (Mar del Plata Harbor: 38°08´17” S - 57°3´18” W). Black stars indicate the sampling 
stations.
Figura 1. Mapa del área de estudio (Puerto de Mar del Plata: 38°08´17” S - 57°3´18” W). Las estrellas negras indican 
las estaciones de muestreo.
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a proxy of the food availability for GZ. 
A flowmeter attached to the net mouth 
allowed calculating the volume of water 
filtered to estimate the numerical abundance 
of the GZ and the non-GZ groups, which 
were standardized as ind/100 m3. With a 
multiparameter water quality instruments 
(HORIBA®), monthly average surface 
temperature (°C) and salinity were measured 
to hydrologically characterize the study area 
(physicochemical data). To identify if the 
respective abundances (GZ and non-GZ), as 
well as the hydrological data significantly 
differed between seasons, one-way ANOVA 
test was conducted. When significant 
differences were present, a post hoc multiple 
comparison Tukey test was performed to 
identify between which seasons the differences 
could be observed (Zar 1996). The data were 
previously transformed into the form log(x+1) 
to fulfill the assumption of homogeneity of 
variances (Levene test).

A number of univariate diversity indices 
were calculated with the PRIMER module 
DIVERSE to describe the temporal dynamics of 
the medusae community and subsequently of 
the ctenophores community: species richness 
(S, total number of species), Pielou´s evenness 
(J´), Shannon-Wiener diversity (H´ ind/bits), 
and Simpson dominance (ʎ) (Clarke and 
Warwick 2001). Possible significant differences 
(P<0.05) for S and H´ between seasons were 
tested using a nonparametric Kruskal-Wallis 
test (K-W). When significant differences 
were present, several Mann-Whitney U tests 
were conducted to determine between which 
seasons the difference could be observed. 
A Bonferroni correction was performed for 
multiple pairwise tests.

An Olmstead-Tukey analysis (using the 
relative FO and RA) was performed to classify 
the species into four different categories 
(dominant, casual, constant, and rare) (Sokal 
and Rohlf 1995). For the medusae group, a 
monthly succession analysis was described 
as a function of the number of species and 
the mean abundance values comparing 
meroplanktonic and holoplanktonic species. 
For the ctenophore group, because all species 
are holoplanktonic, this analysis was carried 
out using only the mean monthly abundances 
of each species.

The Bray-Curtis similarity index was 
calculated to identify the faunal affinity 
between seasons (using species composition 
and abundance values) (Krebs 1999), the 

mean abundance data were transformed 
into the fourth root form to minimize the 
effect of high abundances. A CLUSTER 
analysis was performed with the group-
average method (SIMPROF test). A SIMPER 
routine (similarity percentages) was used to 
identify the medusae/ctenophore species that 
contributed the most to the (dis)similarities 
among and within groups. The biotic 
(i.e., medusae and ctenophores data) and 
environmental matrices (i.e., physicochemical 
data and non-GZ abundances) were analyzed 
using the BIO-ENV routine, based on Bray-
Curtis dissimilarity measures and Euclidian 
distances, respectively, to find the best match 
for the environmental variables using the 
Spearman rank correlation method that 
measures agreement between the two matrices 
(Clarke and Warwick 2001).

RESULTS 

Hydrological and biological temporal variability
The physicochemical and biological 

parameters recorded from the study area 
reflect the characteristic environmental 
heterogeneity, typical of the region, between 
the different months and seasons. Monthly 
surface temperature oscillated between 9.8 
and 22.3 °C, with the highest and lowest 
values observed in the months of the austral 
summer and winter, respectively. According 
to the ANOVA, significant differences in the 
surface temperature between the seasons 
were observed (F(3,9)=10.7, P<0.01), identified 
between winter-spring (Tukey=-0.2, P=0.03) 
and winter-summer periods (Tukey=-
0.3, P<0.01). Salinity showed consistent 
homogeneity for all months sampled (F(3,9)=1.7, 
P>0.05) ranging from 33.7 to 36.0. The non-GZ 
abundances showed two well-defined periods 
of temporal distribution: 1) the period from 
March to October 2014 (autumn-winter) 
registering the lowest values of the annual 
cycle (960.2 to 7649.2 ind/100 m3) and 2) 
from November 2014 to March 2015 (spring-
summer), which recorded the highest values 
(11987.6 to 123995.6 ind/100 m3). Significant 
differences between seasons (F(3,9)=4.6, df=12, 
P=0.03) were observed in the autumn-summer 
comparison (Tukey test=-1.2, P=0.04).

This non-GZ community include seven phyla 
(Foraminifera, Polychaeta, Chaetognatha, 
Echinodermata, Arthropoda, Mollusca, 
and Chordata). Arthropods were the most 
numerous with nine groups (zoea larvae, 
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decapods, copepods, amphipods, ostracods, 
nauplii barnacles, isopods, cladocerans, 
and euphausiids), followed by Chordata 
(fish eggs and larvae, tunicate larvae, and 
Appendicularia) and Mollusca (gastropod 
larvae and bivalve larvae), while the other 
phyla had a single group. Six of these groups 
(polychaetes, chaetognaths, zoea larvae, 
decapods, copepods, and nauplii barnacles) 
were observed in all months sampled. Zoea 
larvae accounted for 33.8% of the total 
abundance, followed by chaetognaths (18.3%) 
and nauplii barnacles (12.2%). Seasonally, 
chaetognaths were the most abundant group 
during the autumn and winter with a RA of 
65.3 and 42.6%, respectively, while the zoea 
larvae dominated during the spring (68%) 
and summer (33.7%). During the midwinter 
(August), a slight peak in abundance was 
observed, mainly due to Arthropoda, while 
during January and February, a major peak 

in abundances was observed due to the high 
values of several groups of arthropods, as well 
as fish eggs and larvae (Figure 2).

Gelatinous zooplankton community

Over the annual cycle, a total of 18 species 
were identified, 15 of which were medusae 
(one Scyphozoa and 14 Hydrozoa) and 3 of 
which were ctenophores (two Tentaculata 
and one Nuda). Five species were 
holoplanktonic organisms (3 ctenophores 
and 2 hydromedusae) and 13 taxa were 
meroplanktonic (12 hydromedusae and 1 
scyphomedusae).

Medusae

According to the K-W analysis, no significant 
differences were observed between seasons in 
S (P=0.11) and H´(P=0.10). The low diversity 

Figure 2. Monthly abundances oscillation of the non-gelatinous zooplankton groups at Mar del Plata Harbor, Argentina 
during an annual cycle. 1) Foraminifera; 2) Polichaetes; 3) Chaetognathes; 4) Echinoderms (larvae); 5) Zoea larvae; 
6) Decapoda (larvae); 7) Copepoda; 8) Amphipoda; 9) Ostracoda; 10) Barnacle nauplii; 11) Isopoda; 12) Cladocera; 
13) Euphasiids; 14) Gastropod larvae; 15) Bivalve larvae; 16) Fish eggs; 17) Fish larvae; 18) Tunichata (larvae); 19) 
Appendicularia.
Figura 2. Oscilación mensual de las abundancias de los grupos del zooplancton no gelatinoso del Puerto de Mar del 
Plata, Argentina durante un ciclo anual. 1) Foraminiferos; 2) Poliquetos; 3) Quetognatos; 4) Equinodermos (larvas); 5) 
Larvas zoeas; 6) Decápodos (larvas); 7) Copépodos; 8) Anfípodos; 9) Ostrácodos; 10) Nauplio cirripedios; 11) Isópodos; 
12) Cladóceros; 13) Eufasidos; 14) Larvas de gasterópodos; 15) Larva de bivalvos; 16) Huevos de peces; 17) Larvas de 
peces; 18) Larvas de tunicados; 19) Apendicularia.
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observed during the cold period (mainly late 
autumn to early winter) is due to the strong 
dominance of few species, while the rich 
diversity in the warm season is due to the 
low dominance. In general (see below), the 
abundance values were distributed among 
many species in the warm season. Equity 
values oscillated between 0.6 and 1.0 (Table 
1).

Species of medusae were observed in all the 
months of the annual cycle. They displayed 
two marked periods of mean abundances 
distributions: the lowest values from March 
to November (autumn-mid-spring), and the 
highest values from December 2014 to March 
2015 (spring-summer). These values ranging 
from 4.7 ind/100 m3 (June) to 2056.0 ind/100 
m3 (February) (Table 1). Significant differences 
were observed between the climate seasons 
(ANOVA, F(3,9)=6.0, P<0.02), after comparing 

autumn-summer (Tukey=-1.8, P=0.03) and 
winter-summer (Tukey=-1.8, P=0.03).

According to the Olmstead-Tukey test, three 
species were dominant: Obelia sp., Liriope 
tetraphylla (Chamisso and Eysenhardt), and 
Eucheilota ventricularis McCrady, representing 
94.2% of the total mean abundance. Obelia sp. 
accounted for 63.7%, L. tetraphylla for 19.8%, 
and E. ventricularis for 10.8%. Cunina octonaria 
McCrady and Bougainvillia pagesi Nogueira 
et al. were classified as constant, while the 
remaining species were grouped as rare. Only 
L. tetraphylla was considered dominant during 
all four seasons (Table 2). Each species showed 
a particular time of occurrence, and a unique 
temporal pattern of minimum and maximum 
abundances; however, in general, all these 
species showed a clear seasonal pattern with 
the highest and lowest values during the 
warm and cold periods, respectively (Table 

Period Species 
richness (S)

Diversity
(H´) Equity (J) Dominance (ʎ) Total abundance 

(ind/100 m3)
Mean abundances 

(ind/100 m3)

Medusae
March 8 1.7 0.8 0.2 683.2 85.4
April 7 1.8 0.9 0.2 49.8 7.1
May 4 0.8 0.6 0.6 266.9 66.7
June 2 0.6 0.8 0.6 9.3 4.7
July 3 1.1 1.0 0.3 66.1 22.0
August 2 0.7 0.9 0.5 162.1 81.1
September 3 0.9 0.8 0.5 29.3 9.8
October 5 1.0 0.7 0.4 450.1 90.0
November 4 1.2 0.9 0.3 117.0 29.3
December 7 1.9 1.0 0.2 5070.9 724.4
January 8 2.0 1.0 0.1 4056.3 507.0
February 9 2.1 1.0 0.1 18503.7 2056.0
March 7 1.9 1.0 0.2 8283.9 1183.4

Ctenophores
March 3 1.1 1.0 0.3 14.5 4.8
April 3 0.9 0.8 0.5 10.8 3.6
May 2 0.7 1.0 0.5 2.3 1.2
June 2 0.4 0.6 0.8 4.8 2.4
July 1 0 0 1.0 39.9 39.9
August 2 0.6 0.9 0.6 26.7 13.4
September 3 0.9 0.8 0.5 187.9 62.6
October 3 1.0 0.9 0.4 720.2 240.1
November 3 1.0 0.9 0.4 412.4 137.5
December 3 0.9 0.9 0.4 4232.5 1410.8
January 3 1.1 1.0 0.4 3332.4 1110.8
February 3 1.0 0.9 0.4 1485.5 495.2
March 2 0.7 1.0 0.5 21.8 10.9

Table 1. Temporal oscillation of the ecological indices and total-mean abundances by medusae and ctenophores groups 
at Mar del Plata Harbor, Argentina, during an annual cycle. 
Tabla 1. Oscilación temporal de los índices ecológicos y de las abundancias total-media de los grupos de las medusas 
y ctenóforos en el Puerto de Mar del Plata, Argentina, durante un ciclo anual.
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Species
Annual cycle Olmstead-Tukey test Hydrological intervals
%RA %FO Annual 

cycle
Autumn Winter Spring Summer Temp. (°C) Salinity

 Medusae
Obelia sp. 63.7 100 D D C C D 9.8-22.3 33.7-36
Liriope tetraphylla 19.8 100 D D D D D 9.8-22.3 33.7-36
Eucheilota ventricularis 10.8 69.2 D C - D C 14-22.3 33.7-36
Clytia hemisphaerica 2.1 38.5 R R - C R 15.3-22.2 34-36
Cunina octonaria 1.5 46.2 C R - C R 14-21.3 33.7-36
Amphinema dinema 0.8 30.8 R R - R R 18.8-22.3 34-36
Annatiaria affinis 0.3 7.7 R - - - R 21.2 36
Bougainvillia muscus 0.3 15.4 R - - R R 19.3-22.3 35.5-36
Bougainvillia pagesi 0.2 46.2 C R C R R 10.4-21.2 33.7-36
Proboscidactyla mutabilis 0.2 15.4 R - - - C 21.2-22.3 36
Coryne eximia 0.2 30.8 R R C R R 11.8-22.3 34-36
Aequorea coerulescens 0.1 7.7 R - - - R 21.2 36
Halitiaria formosa <0.01 7.7 R R - - - 19.1 35
Gossea brachymera <0.01 7.7 R R - - - 19.1 35
Chrysaora lactea <0.01 7.7 R R - - - 15.3 35

Ctenophores
Pleurobrachia pileus 59.1 100 D C D D D 9.8-22.3 33.7-36
Mnemiopsis leidyi 40.2 92.3 D D D D C 9.8-22.3 33.7-36
Beroe ovata 0.7 61.5 R R R C R 11.8-21.2 33.7-36

Table 2. Annual values of frequency of occurrence (%FO) and relative abundance (%RA), Olmstead-Tukey test, 
hydrological intervals (temperature-salinity) during the period of occurrence of the medusae and ctenophores species 
at Mar del Plata Harbor. D=Dominant, C=Constant, R=Rare. 
Tabla 2. Valores anuales de la frecuencia de ocurrencia (%FO) y abundancia relativa (%RA), análisis de Olmstead-
Tukey, intervalos hidrológicos (temperatura-salinidad) durante el período de ocurrencia de las especies de medusas 
y ctenóforos del Puerto de Mar del Plata. D=Dominante, C=Constante, R=Rara.

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Medusae

Obelia sp.1 509.1 0.8 264.1 1.2 15.0 16.8 1.0 1.5 22.9 433.0 312.8 16735.6 5718.0
Liriope tetraphylla2 143.4 26.8 1.2 8.1 40.6 145.3 26.2 421.5 72.9 1953.4 2099.2 521.8 1995.2
Eucheilota ventricularis1 4.3 9.5 1.2 26.7 20.8 1836.4 1171.3 557.0 432.6
Clytia hemisphaerica1 3.7 0.3 609.2 171.9 18.3
Cunina octonaria2 2.0 3.5 0.3 115.7 72.6 382.3
Amphinema dinema1 0.5 121.3 165.9 26.4
Annatiara affinis1 119.9
Bougainvillia muscus1 33.2 64.5
Bougainvillia pagesi1 4.6 0.4 10.4 0.2 2.0 73.2
Proboscidactyla mutabilis1 47.8 26.4
Coryne eximia1 21.9 2.0 29.4 20.8
Aequorea coerulescens1 47.8
Halitiaria formosa1 1.0
Gossea brachymera1 1.0
Chrysaora lactea1 0.8

Ctenophores 

Pleurobrachia pileus2 4.1 0.3 1.2 4.5 39.9 23.7 78.9 233.6 146.9 2329.7 2119.5 1208.3 10.4
Mnemiopsis leidyi2 7.0 7.4 1.2 0.3 3.0 108.4 475.3 261.4 1898.4 1179.0 265.3 11.4
Beroe ovata2 3.4 3.1 0.6 11.4 4.1 4.3 33.9 12.0

Table 3. Monthly abundances values of the medusae and ctenophores species at Mar del Plata Harbor, Argentina, 
during an annual cycle. 1=meroplanktonic, 2=holoplanktonic.
Tabla 3. Valores de abundancia mensual de las especies de medusas y ctenóforos del Puerto de Mar del Plata, Argentina 
durante un ciclo anual. 1=meroplanctónica, 2=holoplanctónica.
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3). The three dominant species exhibited 
significant differences between seasons: 
Obelia sp. (ANOVA, F(3,9)=4.1, P<0.05) differed 
between winter and summer (Tukey=-3.1, 
P=0.04); L. tetraphylla (ANOVA, F(3,9)=5.7, 
P<0.05) differed between autumn and spring 
(Tukey=-1.6, P=0.03) and autumn and summer 
(Tukey=1.8, P=0.04); E. ventricularis (ANOVA, 
F(3,9)=12.1, P<0.05) differed in the autumn-
spring (Tukey=-1.8, P= 0.02), autumn-summer 
(Tukey=-2.3, P=0.02), winter-spring (Tukey=-
2.3, P=0.01), and winter-summer comparisons 
(Tukey=-2.7, P=0.01).

Only Obelia sp. and L. tetraphylla, were 
observed throughout the annual cycle in high 
abundances and showed a peak of abundance 
from late spring to early summer; Bougainvillia 
pagesi and C. octonaria were present in all 
seasons, but with low abundances. Certain 
species were observed only during one season 
at low abundances: A. affinis, Amphinema 
dinema Perón and Lesueur, Bougainvillia 
muscus Allman, Proboscidactyla mutabilis 
(Browne), and Aequorea coerulescens (Brant) 
during the summer, and Halitiaria formosa 
Fewkes, Gossea brachymera Bigelow, and the 
scyphomedusae Chrysaora lactea Eschscholtz 
during the early and mid-autumn (see Table 
3 for abundances).

Using the number of species and then 
the mean abundances, we analyzed the 
monthly succession of meroplanktonic and 

holoplanktonic species, which showed that, 
during practically the entire annual cycle, 
the meroplanktonic species showed highest 
number of species, except between June and 
August when both showed similar numbers. 
In contrast, based on the abundances, the 
holoplanktonic species were more abundant 
in almost all months, except from December 
to March. 

The application of the Bray-Curtis index to 
the abundance matrix in the different seasons 
defined two faunal affinity groups: “cold 
period” and “warm period”. The first group 
was composed of autumn and winter, recording 
a 57.9% average group value of similarity 
(SIMPER). It consisted of four species (three 
meroplanktonic and one holoplanktonic), of 
which L. tetraphylla were the most common 
(40.6%), followed by Obelia sp. (28.5%). The 
“warm period” was composed of the spring-
summer seasons (SIMPER=69.9%). This group 
included nine taxa (two holoplanktonic and 
seven meroplanktonic). Liriope tetraphylla 
was the most numerous (23.5%), followed 
by E. ventricularis (19.1%) and Obelia sp. 
(15.1%) (Table 4). The BIO-ENV procedure 
indicated that the association of environmental 
parameters that best grouped the different 
seasons in agreement with the biological 
patterns was the one integrated by the 
combination of the surface water temperature 
and non-GZ abundances (ρ=0.94). 

Species Average 
abundance

Average 
similarity

Contribution 
(%)

Cumulative 
contribution (%)

Medusae
“Cold period”

Internal average of similarity: 57.9%
Liriope tetraphylla H 2.7 23.5 40.6 40.6
Obelia sp. M 2.8 16.5 28.6 69.2
Bougainvillia pagesi M 1.2 9.6 16.6 85.8
Coryne eximia M 1.2 8.2 14.2 100

“Warm period”

Internal average of similarity: 69.9%
Liriope tetraphylla H 5.9 16.4 23.5 23.5
Eucheilota ventricularis M 5.0 13.3 19.1 42.6
Obelia sp. M 7.0 10.5 15.1 57.6
Cunina octonaria H 3.2 7.4 10.6 68.2
Amphinema dinema M 2.4 5.4 7.7 76.0
Clytia hemisphaerica M 2.7 4.9 7.0 83.0
Bougainvillia muscus M 2.0 4.8 6.9 89.9
Coryne eximia M 1.7 4.6 6.7 96.5
Bougainvillia pagesi M 1.7 2.4 3.5 100

Table 4. SIMPER analysis of the medusae species for the determination of the climate seasons with faunal affinity. 
H=holoplanktonic, M=meroplanktonic.
Tabla 4. Análisis de SIMPER en las especies de medusas para la determinación de las épocas climáticas con afinidad 
faunística. H=holoplanctónicos, M=meroplanctónicos.
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Ctenophores
Three species were observed over the annual 

cycle: Pleurobrachia pileus (O.F. Müller ), 
Mnemiopsis leidyi A. Agassiz, and Beroe ovata 
Bruguière. Due to the low number of species, 
the analysis of diversity and equity were 
omitted for this group. The ctenophores were 
observed throughout the annual cycle. It 
showed monthly mean abundances between 
1.2 (May) and 1410.8 ind/100 m3 (December). In 
general, one period had the lowest abundances 
(March to September), and another had the 
highest abundances (October to February). 
After the maximum peak of abundances, a 
clear decrease of the mean values during the 
warm period was observed. At the end of the 
annual cycles, abundances were as low as 
those observed in the cold period (Table 1). 
Significant differences were observed between 
the climate seasons (ANOVA, F(3,9)=11.4, 
P<0.01), identified in the autumn-spring 
comparison (Tukey=-2.1, P<0.01).

The Olmstead-Tukey analysis showed P. 
pileus and M. leidyi as the dominant species 
(annual cycle data). They accounted for 
59.1% and 40.2% of the total abundance, 
respectively, while B. ovata was classified as 
a rare species (0.7%). Mnemiopsis leidyi was 
a dominant species in all seasons except 
summer, P. pileus oscillated between dominant 
and constant depending on the period. Beroe 
ovata was classified as rare, except in the spring 
(constant) (Table 2). Mnemiopsis leidyi (except 
in July) and P. pileus were observed during all 
months sampled with the lowest abundances 
in the months of the autumn-winter period; 
they increased their abundances in October, 
and maximum values in December (late 
spring). From this month on and throughout 
the summer, abundances decreased and, by 
the end of the annual cycle, reaches values as 
low as those observed in early autumn. Beroe 
ovata showed low abundances throughout 
the annual cycle and reached its maximum 
value during the summer (Table 3). Both P. 
pileus (ANOVA, F(3,9)=9.3, P<0.01) and M. leidyi 
(ANOVA, F(3,9)=9.1, P<0.01) showed significant 
differences between seasons, especially in 
the autumn-spring comparison (Tukey=-2.3, 
P<0.01) for the former, and in the autumn-
spring (Tukey=-2.3, P<0.01) and winter-
spring (Tukey=-2.0, P=0.02) comparisons for 
the latter.

Since ctenophores are holoplanktonic 
species, the succession analysis was performed 
by comparing the monthly abundances. This 

analysis allowed identifying short periods 
of dominance between P. pileus and M. 
leidyi, in which each species dominated for 
approximately three months and was then 
succeeded by the other species.

The Bray-Curtis index revealed one 
group with faunal affinities, composed 
of the four seasons, which indicated that 
ctenophore species showed a temporary 
faunal homogeneity throughout the annual 
cycle. The most important species was P. 
pileus (SIMPER=42.0%), followed by M. leidyi 
(39.4%). According to the BIO-ENV procedure, 
this faunal homogeneity can be explained 
with two variables (ρ=0.94): surface water 
temperature and non-GZ abundances.

DISCUSSION

Hydrologically, the variation of the 
surface temperature and salinity coincided 
in magnitude with the patterns observed 
previously in the study area, with lowest 
and highest temperatures recorded in 
the cold and warm periods, respectively 
(Bastida 1971), while the salinity showed the 
characteristic seasonal homogeneity (Bastida 
1971; Guerrero and Piola 1997). Individual 
values of abundances of the non-GZ groups 
recorded in different studies cannot always 
be compared because of differences in the 
methods used. However, considering our data, 
it may be stated that the Mar del Plata Harbor 
is an area of great secondary productivity. 
This productivity has also been observed in 
adjacent zones of the study (e.g., Ramírez 1981; 
Di Mauro et al. 2009; Viñas et al. 2013). 

There are no previous studies describing the 
seasonal variation of all groups of zooplankton 
in this port area. However, an annual cycle 
analysis of the zooplankton at a permanent 
coastal station (EPEA) located ~27 nautical 
miles south from the study area (Viñas et al. 
2013) showed certain differences from our 
observations in terms of the dominant group. 
It allowed us to identify similar patterns in the 
temporal abundance, with various peaks of 
abundances throughout the year, mainly in the 
spring and summer, and variation only in the 
group represented. In this comparative study, 
the eggs and nauplii of copepods dominated in 
summer, followed by larvaceans, but groups 
such as chaetognaths and cladocerans showed 
the highest abundances during that season. 
Other components, including the larvae of 
gastropods, polychaetes, and decapods, had 
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their maximum abundance in autumn, with 
a secondary peak in summer. According to 
several studies, some of these non-GZ groups 
represent prey items in the GZ diet (Purcell 
1997; Mianzan 1999 and references therein). 
The diet of GZ species depends upon prey 
availability, and can be affected by the 
predominance of alternative prey (Purcell 
1997). The importance of a seasonal analysis 
of these non-GZ groups lies in the fact that 
food availability is one of the factors that can 
determine the spatiotemporal distribution 
of the presence/absence of GZ species and 
their respective abundances (Ramírez and 
Zamponi 1981; Purcell 1997). The fact that 
the abundances of the dominant GZ species 
varied temporally following the variation of 
the non-GZ abundances suggests that the food 
availability determines the distribution of the 
GZ abundances, at least for these dominant 
medusae and ctenophores. 

The effects of temperature and salinity on 
GZ have been well documented, including 
patterns in occurrence, abundance, geographic 
distribution (Graham et al. 2001; Richardson et 
al. 2009), and phenology (Blackett et al. 2015), 
which in turn are correlated with a variety of 
other changes, such as decreased zooplankton 
production (Pitt et al. 2014). In the present 
study, GZ species showed a correlation with 
water temperature. These organisms and 
practically all zooplankton are poikilothermic, 
unable to regulate their internal temperature. 
Hence, temperature changes in the marine 
environment directly affect their physiological 
processes, such as ingestion, respiration, 
reproductive development (Richardson 2008), 
and subsequently their abundances. They 
cause in some species the “disappearance” 
or decrease in abundance during the cold 
period. However, Obelia sp., L. tetraphylla, M. 
leidyi, and P. pileus have been categorized as 
eurytherm-euryhaline organisms (see Oliveira 
et al. 2016 for references), which allows them to 
live in different habitats and/or seasons at high 
abundances. They are dominant in the study 
area and other regions of the Argentine Sea 
(e.g., Buenos Aires Province coast) (Mianzan 
1999; Dutto et al. 2017). In to this, Boero 
(1994) indicated that some abundant species 
often dominate plankton communities, but 
these may change with time and cause rapid 
temporal succession.

A change in the seasonal period is 
accompanied by a regular succession of the 
zooplankton species and their abundances 

(Yoshida et al. 2001). Our analysis of 
the temporal succession showed a clear 
oscillation in dominance when comparing 
meroplanktonic with holoplanktonic medusae 
and the abundances of the two dominant 
ctenophores. Different GZ species appear in 
the plankton, to some extent, in a predictable 
succession (Mills 1993); they differ in terms 
the duration they stay in the water column 
(Hosia and Båmstedt 2007). This succession 
of species is similar year after year, with 
starting times varying widely depending on 
the species (Mills 1993). Some species appear 
shortly after the spring plankton bloom begins, 
and others follow as ecological conditions 
continue to change, but the terminations are 
almost as clearly marked as their arrival in the 
spring (Mills 1993). The succession of species 
in plankton communities reflects a shifting 
balance between resource availability and 
predation, as well as the constantly changing 
trophic arrangements these promote (Acevedo-
Trejos et al. 2015). The timing of the presence 
of meroplanktonic species is influenced by 
factors that control the benthic phase and 
their medusae generations, with the following 
suggested order of importance: temperature, 
food availability, photoperiod, salinity, lunar 
cycles, and possible combinations of these 
factors (Arai 1992). While holoplanktonic 
organisms are influenced mainly by water 
temperature, food availability, and marine 
currents.

In terms of species composition, the GZ 
identified from the Mar del Plata Harbor 
may be considered typical of the study area 
and neighboring regions. All identified 
species have been previously recorded for 
the Argentine Sea (Mianzan 1999; Rodríguez 
2012; Dutto et al. 2017), except for the 
hydromedusae Annatiara affinis (Hartlaub), 
which has been formerly registered up to 
Brazilian and Uruguayan coast (23.8° S to 24.8° 
S, and 29° S to 35° S). However, additional 
sampling is necessary to confirm its presence 
in this region. The identified set of dominant 
species have been previously labeled as 
common and widely distributed in several 
regions of the Argentine Sea (see Oliveira et 
al. 2016 and references therein). 

Almost simultaneous dominance between 
medusae L. tetraphylla and Obelia sp., and 
between ctenophores M. leidyi and P. pileus, 
can be understood as the result of different 
feeding mechanisms/strategy that favor 
the capture of a different fraction of the 
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available plankton, which allows them to co-
occur temporally and spatially (Costello and 
Coverdale 1998), with variations only in their 
abundances. These aspects could explain the 
identification of different groups of seasons 
with faunal affinity. These groups were 
influenced by the abundance variation of the 
dominant species, which suggests that the GZ 
community is dominated by few species with 
a great capacity to adapt to environmental 
changes, such as food availability (Graham 
et al. 2001).

Our sampling represents a relatively 
small volume in comparison with other 
plankton samplings. This limitation may also 
underestimate abundances of larger or sparse 
animals, such as Scyphozoan species, or not 
record their presence. In the present study, C. 
lactea was the only scyphomedusae identified; 
it was observed only during the early autumn. 
Certain environmental conditions, such as the 
predominant northeast winds and the passive 
transport of these organisms by the marine 
current to the shore, facilitate its capture in 
coastal samplings. The fact that we have 
observed a few specimens and only during 
early autumn may be because these conditions 
were not present in the sampling period. Thus, 
its absence in our sampling would not indicate 
precisely that this species was not present in 
the region. According to Schiariti et al. (2018), 
in the Argentine Sea, this species lives all over 
the Río de la Plata estuary at the Transitional 
Neritic Domain (TND), but specimens reach 
higher latitudes along the Buenos Aires 
Province coast up to Las Grutas (41° S - 65° 
W). This species has been sporadically found 
deeper waters on the continental shelf up to the 
shelf break front but always within the TND, 
and is one of the most common and abundant 
species in the region. Adult specimens have 
been observed mostly from December to 
May, with specimens found sporadically 
in August (late spring to mid-autumn) and 
accumulations observed between January and 
April (Schiariti et al. 2018).

This study covered just one annual cycle 
of zooplankton sampling. We cannot 
know whether the patterns we observed 
are representative of a typical year for GZ 
species. In general, GZ populations can exhibit 
significant interannual differences in terms of 
abundances (e.g., Ballard and Mayers 2000); 

however, these differences have shown certain 
annual regularity (Schneider and Behrends 
1998). For example, the holoplanktonic 
hydromedusae L. tetraphylla and ctenophore M. 
leidyi are typical species of the GZ community, 
they have been observed in different periods 
and regions of the Bonaerense coasts with the 
highest abundances during the warm period 
or even in autumn-spring (see Mianzan and 
Sabatini 1985; Gaitán 2004; Dutto et al. 2017). 
In contrast, the strikingly different abundances 
of meroplanktonic hydromedusae Obelia sp. 
observed in early studies at adjacent areas 
from the Mar del Plata Harbor (see Genzano 
et al. 2008b), as well as our observations, 
suggest that interannual variations are 
significant at least in this medusa, but the 
observations coincide with a seasonal peak 
of its highest abundances. Comparisons of 
specific seasonality patterns among studies 
or regions should be made with caution 
due to possible regional and interannual 
variability. Long-term monitoring programs 
should be implemented to reach a better 
understanding of the temporal dynamics 
and interannual variability. To reach a better 
understanding of the temporal dynamics, 
long-term monitoring programmer should be 
implemented, to account for the interannual 
variability. Moreover, not only the natural 
species seasonality should be considered but 
studies of anthropogenic factors also should 
be conducted to evaluate their influence 
on long-term dynamics, such as faunistic 
or phenological changes, invasions, and 
extinctions (Nagata et al. 2014). Despite this 
limitation, the present study represents the 
basis of a general description of the seasonal 
succession in the study area in terms of the 
species richness, abundance values, and 
the correlations with the hydrobiological 
characteristics of the area. 
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