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ABSTRACT

Functional traits, short life cycles, and the pivotal role in the ocean make copepod diversity a solid foundation for
assessing the effect of global changes in marine food webs and ecosystem functioning. Climate change and extreme
events, particularly El Nifio, can affect coastal ecosystems. The Arvoredo Marine Biological Reserve (MPA), located
in highly productive coastal waters of the Southern Brazilian Bight, presents complex climate and oceanographic
conditions. This study investigates the influence of oceanographic processes and El Nifio 2015-2016 on the copepod
functional diversity from 2014 to 2016 in the Arvoredo MPA. Horizontal tows were performed using a WP2 net with
a mesh size of 200 um. The 41 species accounted for 19 functional entities and four functional groups. Our findings
reveal that the seasonal intrusion of water masses influenced copepod functional diversity. During summer, the
upwelling of South Atlantic Central Water increased nutrient availability and favored large herbivore-omnivores
and carnivores. The Plata Plume Water enrichment during winter coincided with a decline in functional richness and
abundance, leading to the predominance of the Oithona nana, a small-sized omnivore. Compensatory mechanisms
were observed as functional equivalence and species composition shifts. Acartia lilljeborgii and Temora turbinata
exhibited functional equivalence and compensated for each other in response to salinity changes associated
with upwelling and El Nifio. The copepod assemblage demonstrated the ability to maintain functional diversity despite
changes in copepod abundance. However, the decline in functional diversity and abundance during the intense winter
indicated potential disruption in trophic dynamics and ecosystem functioning. Maintaining balance and compensating
for disturbances such as El Nifio is crucial for marine food web resilience. The functional trait approach provided a
comprehensive understanding of the copepod assemblage in Arvoredo MPA, contributing to a broader knowledge
of the impact of oceanographic processes intensification. Monitoring functional diversity and abundance is crucial for
evaluating the effects of copepod assemblage changes in ecosystem functionings.
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et al., 2016; Brun et al., 2017). Their major traits
are associated with behavior and life-history
characteristics, such as trophic regime, feeding,
spawning strategy, and body size, whichis considered
a “meta-trait” since it transcends several ecological
functions and influences many other functional
traits (Litchman et al., 2013; Brun et al., 2017).
The functional traits distribution along space and time
impacts ecological processes, linking the community
structure and ecosystem functioning (Litchman et
al., 2013). Therefore, classifying copepods into
functional groups can improve knowledge of their
ecological role in coastal ecosystems (Neumann-
Leitao et al., 2018). Consequently, studies examining
the variability and functional structure of the plankton
community and their covariation with climate are
needed to understand how Marine Protected
Areas (MPA) may benefit from ecosystem-based
approaches to achieve their conservation targets
(Benedetti et al., 2019).

Seasonal oceanographic processes can modify
the environment, briefly changing the predominant
plankton functional groups; therefore, the trophic
state can shape the feeding traits. For example,
in oligotrophic settings, detritivore and carnivore
copepods prevail, while in eutrophic conditions,
the presence of herbivores and current feeding
species is more frequent (Azam et al., 1983; Sherr
and Sherr, 1988). The environment also selects
species according to a mix of feeding or spawning
strategies. Copepods with active feeding mode
and broadcast spawning demand more energy
and benefit when more food is available, as in
eutrophic systems with abundant phytoplankton
(Kigrboe et al., 2015).

The no-take Arvoredo Marine Biological
Reserve (Arvoredo MPA) is located in the highly
productive waters of the Southern Brazilian Bight
(SBB - 22°-28°S). Being only 11 Km from the
coast, this MPA is threatened by nutrients and
pollutants input from the mainland, port and
aquaculture activities, artisanal and industrial
fishing, nautical tourism, and diving activities
(Misturini and Segal, 2017). The high productivity
and biodiversity in the Arvoredo MPA are
attached to the seasonal presence of upwelling
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waters and the influence of the Plata Plume Water
(Acha et al., 2004; Brandini et al., 2018).

There is increasing scientific evidence that links
El Nifo and global climate change. The species
adaptation strategies against climate change can
be ineffective if an extreme El Nifio threatens
the ecological functioning and biodiversity of the
coastal and marine ecosystems (Rossi and Soares,
2017). These alterations depict responses of the
zooplankton community towards the El Nifio-affected
ecosystems worldwide. The 2010-2011 El Nifio to
La Nifa transition in the central Mexican Pacific was
defined by seasonal modifications of the mesoscale
processes. These modifications seemed to disrupt
the coastal-ocean gradient, importing the offshore
carnivorous species to the inshore, which caused
marked reductions in copepod abundance and
increasing dominance of small-sized species (Kozak
et al., 2018). The recent 2015-2016 El Nifio, one of
the strongest since the first recorded El Nifo event
(Figure Si1a, Supplementary Material), benefited
the abundances of calanoids and poecilostomatoids
during the peak period, as well as the harpacticoid
abundance during the waning phase of the El Nifio
in the Indian Ocean (Vineetha et al., 2018).

Seasonal oceanographic processes in
Arvoredo MPA surroundings have been
intensified by the increase in temperature
anomalies over the years and by the severe
2015-2016 El Nifio Southern Oscillation event
(CPTEC/INPE, 2016). The consequences of
El Nifo in southern Brazil are intense rainfall,
mainly from May to July, and an increase in the
average annual temperature (CPTEC/INPE,
2016), but its influence in the South Atlantic
is still not fully understood. However, Freire
et al. (2017) suggest that the 2015-2016 El
Nifio influenced the precipitation, winds, current
circulation, and seawater temperature in Arvoredo
MPA surroundings. Increased rainfall may enhance
river discharge, which contributes to low salinity
conditions. Coincidentally, the PPW reached the
Arvoredo MPA during the intense El Nifio period,
when the influence of its plume during winter 2016
on the southern coast of South America was more
intense. In this context, we expect that copepod
functional groups respond to the interannual
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variability of contrasting seasons induced by
climatic variability in the Southern Brazilian Bight.
Therefore, functional groups should be associated
with similar oceanographic conditions, and the
intense  meteo-oceanographic events could
disrupt the natural ecosystem functioning. Thus,
this study aims to evaluate the seasonal and
interannual variability of copepod assemblage
composition and functional diversity during three
consecutive summers and winters (2014-2016) in
the surrounding waters of the Arvoredo MPA.

METHODS

STUDY AREA

Oceanographic cruises were carried out around
the Arvoredo Marine Biological Reserve (REBIO
Arvoredo - 27°11’-27°16’S and 48°19’-48°24'W),
a Marine Protected Area (MPA) covering 160
km? of the Southern Brazilian Bight (SBB - Figure
1a), managed by the Chico Mendes Institute for
Biodiversity Conservation (ICMBio). Created in
March 1990, the goal of the MPA is the integral
conservation of the natural heritage of the coastal
region to the north of Santa Catarina Island, its
islands, islets, and continental shelf (Brazilian
Decree No. 99.142). It covers an area of 98%
underwater, in which 2% corresponds to the land
area of Arvoredo, Deserta, Galé, and Calhau
de S&o Pedro islands. This area is considered
a transitional system and a boundary between
tropical and temperate marine fauna (Floeter et
al., 2008). More than 1,600 marine and terrestrial
species have already been recorded, including 26
endangered species. (Misturini and Segal, 2017).
The SBB is an oligotrophic environment due to the
predominance of Tropical Water (TW) in the upper
layers. Nevertheless, during summer, the interaction
of northeast winds and bottom topography
promotes the availability of nutrients in the euphotic
zone by the upwelling of the cold and nutrient-rich
South Atlantic Central Water (SACW) to the shallow
area (Mdller et al., 2008). During winter, the cold
fronts and southern winds allow Plata Plume Water
(PPW) to reach the Arvoredo MPA, which also
brings nutrients to the area (Bordin et al., 2019).
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Besides, the freshwater discharge of the Tijucas
River creates a plume that enhances the nutrient
availability throughout the area (Freire et al., 2017).

FIELDWORK AND LABORATORY PROCEDURES

The surveys were performed by the project
“Monitoring Program of the Arvoredo Marine
Biological Reserve” (MAArE) during austral
summers and winters of 2014, 2015, and 2016.
The cruises were conducted once per season,
and each cruise lasted for three days. Sampling
stations were limited in the north-south axis from
the Porto Belo peninsula to the output of the
Northern Channel of the Santa Catarina Island,
and east-west by the 50 m isobath and 5 m isobath
next to the Tijucas River mouth.

Salinity, temperature, depth, and dissolved
oxygen were obtained in all 22 stations using a
Sea-Bird Electronics (SBE) 19 plus CTD with
fluorescence and oxygen sensors (Figure 1b).
The Secchi disc measurements were used to
calculate the depth of the euphotic zone. Plankton
and seawater properties were simultaneously
sampled in 12 of the 22 sampling stations (white
dots; Figure 1b). Seawater was sampled with Van
Dorn bottles at 0.5-meter depth, in the mid layer,
and close to the bottom to analyze suspended
matter, dissolved nutrients, particulate and
dissolved carbon and nitrogen, and chlorophyll-a
concentration (Grasshoff et al., 1983; SCOR/
UNESCO, 1966). The chlorophyll-a data was
provided by the MAArE project. Biochemical data
were detailed in Bordin et al. (2019). Zooplankton
was sampled using a WP2 net with a 0.5 m
diameter mouth and 200 um mesh size, coupled
with a General Oceanics flowmeter. Horizontal
tows were performed in the subsurface of the
water column for 3 minutes in inner waters and for
5 minutes in 50 m isobath stations. The samples
were preserved in a 4% buffered seawater-
formaldehyde solution.

Zooplankton samples were subsampled
using a Folsom splitter (McEwen et al., 1954)
in 1/2 to 1/64 fractions according to the sample
concentration. The fraction was diluted to 1,000
mL, homogenized, and a maximum of three
aliquots of 10 mL were obtained to sort at least
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100 copepods from each sample (Frontier,
1981). Copepods were identified to the species
level under a Nikon SMZ800 stereoscopic and
Olympus CX21 optical microscopes according to
Bjornberg (1981), Bradford-Grieve et al. (1999),
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Razouls et al. (2005), and Walter and Boxshall
(2018). Copepod abundance was standardized
in individuals per m? (ind. m?). The mean and
standard deviation (+ SD) volume of water
filtered by the net was 45.9 + 15.4 m®.

Figure 1. (a) Location of the Southern Brazilian Bight (SBB), and (b) the sampling stations distributed across the Arvoredo MPA
surroundings (dashed polygon). Plankton stations (white dots): suspended matter, nutrients, chlorophyll-a, and zooplankton
sampling and CTD profiles. Black dots: only CTD profiles. Isobaths: 10 m, 20 m and 50 m.

CopPepPoD TRAIT DATA

The copepod functional traits were selected
according to the most important traits of the life story:
trophic regime, feeding and spawning strategy,
and body size (Litchman et al., 2013, Benedetti
etal., 2016). The body size was determined by the
mean of the minimum and maximum total body
length described for each species in the current
literature, along with other traits (Bjérnberg, 1981,
Bradford-Grieve, 1999, Benedetti et al., 2016,
Kigrboe, 2011, Razouls, 2005). The body size was
classified into three classes: Small - < 1.00 mm;
Medium - 1.01-2.00 mm; Large - > 2.00mm.
The spawning strategy is determined as either
broadcaster or sac-spawner. The feeding strategy

included current feeding (CF), cruise (Crui),
and ambush (Amb). Species having a mix of two
or more feeding strategies were assigned the
corresponding levels. The trophic regime was
determined as herbivore, carnivore, omnivore,
detritivore, or a combination of them. The qualitative
species, those without valid information about traits,
and taxa that do not represent one single species
were removed from the statistical analysis (Table S1).

DATA ANALYSES

Water masses were characterized using
thermohaline indices provided by Piola et al. (2008)
and Méller Jr. et al. (2008). The temperature-salinity
diagram and horizontal distribution of surface water
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temperature were constructed using the Ocean
Data View (ODV) software (Schlitzer, 2016) and the
‘fields’ Package in R (R Core Team, 2022; Nychka
et al., 2021), respectively.

To address the intensity of the El Nifo-
Southern Oscillation (ENSO) cycle over the
sampling period, ENSO data was accessed in
R (Albers, 2020). The Oceanic Nifio Index (ONI)
tracks the 3-month average and serves as NOAA’s
primary indicator for monitoring the oceanic
part of the seasonal climate pattern of ENSO.
Additionally, to assess how the in situ temperature
measurements from 2014-2016 differed in relation
to long-term temporal variability (1982-2021),
satellite-based Sea Surface Temperature (SST)
data were obtained from the COPEPQOD database
(www.st.nmfs.noaa.gov/copepod/time-series/)  at
Longitude: -48.58; -48.18; Latitude: -27.16; -27.41.
For spatio-temporal analysis, temperature data
from the NOAA Optimum Interpolation Sea Surface
Temperature dataset (OISST version 2.1, www.
ncdc.noaa.gov/oisst) were used. The datasets were
acquired in a prepared-product form, and monthly
mean values by year were downloaded as a regular
global grid. ICES-WGZE standardized pixel plots
were performed within the specified coordinates,
and the resulting time series were plotted to
visualize the seasonal cycle of satellite-based SST
and matrices of monthly means.

The functional trait data were transformed into
a binary matrix to address the issue of multiple
levels within each functional category, such as
species with two trophic regimes or combined
feeding strategies. The matrix structure consisted
of copepod species in each row and functional
traits in the columns. For example, if a species
is omnivore-herbivore, a value of 1 was assigned
in the columns corresponding to omnivore and
herbivore, and a value of 0 was assigned in the
columns related to the other trophic regimes.

To ordinate the species based on their
functional traits and create a hierarchical clustering,
the Unweighted Pair Group Method with Arithmetic
Averages (UPGMA) based on the Bray Curtis
dissimilarity was performed. The resulting groups
from the similarity profile routine (SIMPROF; Clarke
et al., 2008) were then regrouped based on the
major similar traits among species. The hierarchical

Copepod diversity in the Southwest Atlantic

clustering and SIMPROF analyses were performed
using ‘vegan’ and ‘clustsig’ Packages (Oksanen et
al., 2019; Whitaker and Christman, 2014).

Pairwise  functional distances between
functional entities were computed using the Gower
distance, which allows for the combination of
different types of variables (Gower, 1971). These
distances were used to generate combinations of
trait values called Functional Entities (FE) for each
of the four functional categories (Mouillot et al.,
2013). The FE coordinates on the first four axes
(PC) of the Principal Coordinate Analysis (PCoA)
were retained to build a multidimensional functional
space (Villéger et al., 2008; Mouillot et al., 2013)
across years (2014, 2015, and 2016) and seasons
(summer and winter).

Procrustes Rotation analysis was conducted to
assess changes in functional space between years
(interannual variability) and seasons (summer
and winter) (Legendre and Legendre, 2012). This
analysis compared pairs of summer surveys (e.g.
summer 2014 vs. summer 2015, summer 2014 vs.
summer 2016, summer 2015 vs. summer 2016)
and pairs of winter surveys. In addition, pairs of
summer and winter for each year were compared to
test within-year variability. All four PCoA axes were
considered to account for the multidimensionality
of functional spaces. The significance of fits was
tested using the PROTEST routine and was
adjusted using Bonferroni correction.

Different indexes of Functional Diversity (FD)
were calculated, ranging from 0 to 1. Functional
Richness (FRic) represents the extent of the
functional space filled by the FEs in a community.
Functional Evenness (FEve) measures the
evenness of species abundance distribution along
the minimum spanning tree in the multidimensional
functional space. Functional Dispersion (FDis) is
the mean distance of individual species to the
centroid of all species in the multidimensional trait
space. Functional Divergence (FDiv) represents
the proportion of total abundance supported
by species with extreme functional traits, i.e.,
the entities at the limits of the functional space
(Mouillot et al.,, 2013). The FD indices were
calculated using the FD and vegan packages
(Laliberté et al., 2015, Oksanen et al., 2019).
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Redundancy Analysis (RDA) was performed to
investigate relationships between trait abundances
and physicochemical variables (Legendre and
Legendre 2012). Abundances were Hellinger-
transformed to reduce differences in magnitude.
Collinearity among physicochemical variables was
diagnosed using the Variance Inflation Factor (VIF),
and variables with VIF > 10 were removed from the
analysis. A permutation test based on Monte Carlo
simulations was applied to test the null hypothesis
of independence between the response and
explanatory matrices, as well as the significance of
each canonical axis and physicochemical variable
(Borcard et al., 2018). Biplots were generated
using scaling = 2, and only significant explanatory
variables were included. Sites were plotted using
linear combinations of constraining variables (fitted
site scores). Redundancy Analysis and additional
tests were performed using the vegan (Oksanen et
al., 2019) and HH (Heiberger, 2013) packages.

All graphics and analyses, except for the T-S
diagram, were performed in R (R Core Team, 2022).
Most graphics were produced using the ggplot2
package (Wickham, 2016).

RESULTS

OCEANOGRAPHIC CONDITIONS

The following water masses were identified in
the study area: Subtropical Shelf Water (STSW),
Tropical Water (TW), South Atlantic Central Water
(SACW), and Plata Plume Water (PPW) (Figure
2). The STSW was predominant from the surface
to the depth of 25 m during summers and 50 m
during winters. The TW occurred only during
summers in depths of 10 m to 25 m. The SACW
was also observed exclusively during summers,
mostly below 30 m depth. In addition to the STSW,
the PPW was predominantly detected on the
surface during winters (Figure 2). Moreover, the
continental runoff from the Tijucas River (TRp)
and the Northern channel of Santa Catarina Island
(NC) created a plume of low salinity (<33.5) in
the shallow area. This plume had a lower salinity
than STSW during summers, and lower than PPW
during winters (Figure 2).

The year-to-year in situ temperature showed
that the warmest summer and the coldest winter

Copepod diversity in the Southwest Atlantic

occurred in 2016 (Figures 3 and 4), coinciding with
the strongest El Nifio recorded thus far (Figure
S1a). The monthly mean satellite Sea Surface
Temperature (SST) indicated longer periods of high
and low temperatures, resembling summer and
winter, respectively, in 2016 compared to 2014 and
2015 (Figure S1b). In situ sea surface temperature
exhibited a relatively uniform distribution during
summer but increased over the three years (Figure
3). A clear trend of SACW intrusion at the bottom
was observed. The SACW intrusion (T: 18.5°C)
reached the 50 m isobath in 2014, moved closer
to the coast in 2015, and resulted in an upwelling
reaching the euphotic zone in the inner waters
in 2016. No apparent water temperature vertical
stratification occurred during winter (Figure 4),
and due to the high continental runoff and water
mixture, the mean euphotic zone was usually
shallower in winter (45%) than in summer (76%).
The year of 2016 stands out with extended periods
of cold monthly means from June to September
(Figure S1a). In addition, the PPW was detected
with the highest intensity during winter 2016,
corroborating the low temperatures (Figure 4).

CoOPEPOD
DIVERSITY

FUNCTIONAL GROUPS AND

Out of the 48 identified species, six were
identified only qualitatively (Table S2) and 11
and five were exclusively found during winter
and summer, respectively. Copepod average
abundances were the highest in 2014 and the
lowest in 2016 in both seasons. The sharpest
decreases occurred during summer. It decreased
almost by half from the summer of 2014 to 2015
(12,044 ind. m® and 7,039 ind. m3, respectively),
and nearly three times from 2015 to 2016 (2,525
ind. m®). The peak in summer 2014 was due to
the massive abundance of Acartia lillieborgi in
the shallow area near the Tijucas River mouth,
which represented 94% of copepods in this area.
Copepods were less abundant in winter than
summer (3,883 ind. m3,1,472ind. m?, and 951 ind.
m=3, respectively), and decreased over the years.
The copepod assemblage shifted completely in
composition during winter 2016, depicting the
dominance of Oithona nana that is related to the
stronger influence of PPW (Figure 2; Table S2).
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The cluster analysis (Figure 5) showed
four functional groups (FG) that were primarily
distinct in sac-spawner species (Groups 1 and 2)
and egg broadcasters (Groups 3 and part of 4).
The trophic regime was also a trait that defined
the FG. Groups 1 and 4 were both carnivore
copepods, distinguished into small and large
sizes, respectively. Although Euchaeta marina is
a sac-spawner species, it was separated from the
others due to its large size (Figure 5). Most species
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were from Groups 2 and 3, represented mainly
by omnivore copepods. The exception was the
carnivore Corycaeus speciosus, present in Group
2 with omnivore species (Figure 5). The Group 2,
dominated by ambush and cruise-feeders of small-
and medium-size, was formed by Cyclopoida
and Harpacticoida species. Group 3 contained
Calanoida exclusively, with 24 species (Figure 5),
most of them are medium- and large-size, current-
feeders, and omnivores and herbivores.

Figure 2. Temperature-salinity diagram of the Arvoredo MPA surroundings during summer (white background), winter (dark gray),
and in both seasons (light gray) over the years (2014-2016). NC: Northern Channel of Santa Catarina Island; TRp: Tijucas River
plume; SACW: South Atlantic Central Water; STSW: Subtropical Shelf Water; TW: Tropical Water; PPW: Plata Plume Water.

Dot colors are the depth shown in the vertical scale.
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Figure 3. Temperature variability on the surface and bottom during summer in the Arvoredo MPA surroundings (2014-2016).
The PC1-PC2 and PC3-PC4 axes from the PCoA represent the functional entities (FE) distribution in the functional spaces.
The gray dashed line shows the global pool of the assemblage, including the 41 species. Color-filled areas show the functional
volume by each season/year, and the colors demonstrate the interannual temperature variability of summers. The point size
represents the FE relative abundance in relation to the total abundance of both summers and winters. Gray crosses are FE
absent in the assemblage. Functional richness is expressed as a percentage of the global pool (%Pool).
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Figure 4. Temperature variability on the surface and bottom during winter in the Arvoredo MPA surroundings (2014-2016).
The PC1-PC2 and PC3-PC4 axes from the PCoA represent the functional entities (FE) distribution in the functional spaces.
The gray dashed line shows the global pool of the assemblage, including the 41 species. Color-filled areas show the functio-
nal volume by each season/year, and the color demonstrate the interannual temperature variability of winters. The point size
represents the FE relative abundance in relation to the total abundance of both summers and winters. Gray crosses are FE
absent in the assemblage. Functional richness is expressed as a percentage of the global pool (%Pool).
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Figure 5. UPGMA cluster based on the Bray Curtis index showing the ordination of the 41 copepod species according to
functional traits. Table S1 shows the species codes.
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A total of 19 functional entities (FE) were identified
based on unique combinations of categorical
morphological, physiological, and life history traits
of the 41 copepod species (Figure 6, Table S1
and S2). In general, FRic presented a trend to
increase in summers from 2014 to 2015 (Figure 7).
The summers of 2015 and 2016 showed similarly
higher FRic (0.8 and 0.79) and FEve (0.29 and 0.26)
than summer 2014 (0.55 and 0.14, respectively). The
increasing FRic during summers was associated with
the appearance of carnivores Corycaeus speciosus
(medium-size) and Candacia pachydactyla (large-
size) in 2015 and 2016. Moreover, this increase in FRic
was also associated with the abundance increasing
in 2016 of detritivore-omnivore Oncaea venusta and
the herbivore-omnivore Undinula vulgaris, medium
and large-size respectively (Figures 3 and 6).
Nevertheless, the large carnivore Euchaeta marina
disappeared in 2015 and 20186. It is noteworthy that
the large abundance of Acartia lilljieborgi decreased
during the warming summers, whereas the most
redundant functional entity with eight species,
represented in the summers by Temora turbinata

Copepod diversity in the Southwest Atlantic

and T. stylifera, increased in abundance, all these
species belong to the same functional group 3
(Figures 3, 5, and 6). The most important functional
entities in summer have a similar combination of
traits of medium body size, herbivore-omnivore,
and broadcaster, which are the traits with the
highest abundance in all three summers (Figures
3 and 6). The only difference between them is that
A. lillieborgi performs a mixed foraging behavior
(current feeding - CF - and ambush) and the other
one is exclusive CF.

The winters of 2014 and 2015 were similar in
terms of functional entities (FE: 16), FRic (0.73 and
0.69), and FDiv (0.91 and 0.98, respectively), with
a higher value than 2016 winter (Figure 7). Despite
hosting a smaller proportion of copepod assemblage
(30% of the total pool) and the lowest FDiv (0.79),
the 2016 winter showed the highest FEve (0.40)
and FDis (0.26) (Figure 7). Oithona nana, a small
sac-spawner, prevailed in the severe winter of 2016,
rather than the medium broadcaster copepods that
were abundant during 2014 and 2015 (Paracalanidae
and Temoridae; Figures 4 and 6).

Figure 6. Copepod functional entities silhouettes positioned in the 2-dimensions functional space built based on four copepod
traits. In the center, the copepod trait vector is depicted. Carn: carnivore. Detr: detritivore. Omn: omnivore. Herb: herbivo-
re. Amb: ambush. Crui: cruise. CF: current feeding. Broad: broadcaster. Sac: sac-spawner. Table S1 shows species codes.
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Figure 7. interannual and seasonal changes in the copepod functional diversity in the Arvoredo MPA surroundings. Barplots show
the functional diversity indices. FRic: Functional Richness, FEve: Functional Evenness, FDiv: Functional Divergence, FDis:

Functional Dispersion.

Interannual variability among functional
spaces was subtle since they were all correlated
(Table 1). However, summer 2014 seems to be
the most different, with the smallest pool filling
the functional space (56% of the pool), compared
to summer 2015 (80% pool, correlation = 0.769)
and summer 2016 (79% pool, correlation
= 0.804). In contrast, winter 2016 was less
correlated between other years, with only 30%
of the functional space pool filled (Figure 4). In
the same way, correlations between summer and
winter seasons showed a small variability in the
maintenance of the functions performed by the
functional entities within years (Table 1).

Redundancy Analysis ordination (RDA)
revealed that environmental variables explained
47% of abundance traits distribution (Figure 8, F
= 3.863, p = 0.0001). The RDA1, which explained

62.4% of the constrained variance (F = 32.468, p
=0.0001), represented a clear distinction between
summer and winter. Over the years, there was an
increase in temperature and a decrease in salinity
during summer. POC exhibited higher levels in
both seasons, with silicate peaking in winter,
particularly in 2016. In terms of suspended matter,
ISM gradually decreased during summer.

Small-sized omnivores, sac-spawner, and
ambush feeder copepods were related to winter,
while traits such as medium-sized, cruiser, and
broadcaster copepods were associated with
summer (Figure 8). Notably, winter 2016 was an
outstanding period that showed the most severe
winter conditions, featuring the lowest temperature
and the highest silicate and POC (Figure 8). In
these winter conditions, large carnivores were
absent (Figures 4 and 6).
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Table 1. Results of Procrustes Rotation analysis and PROTEST assessments on interannual and seasonal variability among

functional spaces during summer and winter. Significances were adjusted by Bonferroni correction.

Procrustes/PROTEST Sum of squares Correlation Significance (adjusted)
Summer/2014 vs Summer/2015 0.411 0.768 0.0009
Summer/2014 vs Summer/2016 0.353 0.804 0.0009
Summer/2015 vs Summer/2016 0.171 0.91 0.0009
Winter/2014 vs Winter/2015 0.341 0.812 0.0009
Winter/2014 vs Winter/2016 0.512 0.699 0.0009
Winter/2015 vs Winter/2016 0.454 0.739 0.0009
Summer/2014 vs Winter/2014 0.486 0.717 0.0009
Summer/2015 vs Winter/2015 0.420 0.762 0.0009
Summer/2016 vs Winter/2016 0.518 0.694 0.0009

DISCUSSION

Our findings demonstrate that the intensification
of oceanographic processes (SACW, PPW,
and TRp) influenced by the EI Nino 2015-2016,
together with the increase in SST in summer and
decrease in winter, had a significant impact on the
functional diversity of the copepod assemblage.

SACW intrusion is usually limited to the
approximately 50 m isobath; however, in 2016, it
raised up due to the intensified 2015-2016 EI Nifio.
This upwelling of SACW normally occurs at Santa
Marta Cape and Cabo Frio (Brandini et al., 2018).
During summer, the SACW upwelling resulted
in increased nutrient availability in the waters
surrounding the Arvoredo MPA (Bordin et al.,
2019), creating a more favorable environment for
large herbivore-omnivores as Undinula vulgaris,
as well as carnivores like Corycaeus speciosus
and Candacia pachydactyla, and the medium-
sized detritivore Oncaea venusta. During warmer
summers, carnivore copepods are more abundant

in the oligotrophic conditions of the 50 m isobath.
These findings are consistent with observations in
subtropical environments, similar to what has been
observed in the Mediterranean Sea (Benedetti
et al., 2018), where carnivores tend to be more
dominant in nutrient-poor conditions, while
herbivores and omnivores tend to be dominant in
productive environments.

During the winters, despite the declining SST
over the years, the increase in PPW sprawling
around Arvoredo MPA coincided with a decrease
in functional richness and abundance, along with
the absence of certain functional entities. For
example, carnivores and detritivores from Group 2
and 3, such as Scolecithrix danae (winter 2015 and
2016), Oncaea species, Centropages velificatus,
Macrosetella gracilis, Labidocera acutifrons,
and L. fluviatilis (winter 2016), were not present,
whereas there was an increase in the abundance
of Oithona nana. The enrichment by PPW during
winter likely favored the dominance of O. nana.

Ocean and Coastal Research 2024, v72(suppl 1):e24006 13



Menezes et al. Copepod diversity in the Southwest Atlantic

Figure 8. Biplot of the first and second axis of the redundancy analysis ordination (RDA) performed with environmental and
abundance of traits (A), and the oceanographic stations distribution (B) in relation to the seasonal variability of the Arvoredo
MPA surroundings over the years 2014-2016. Only the environmental vectors that were significantly correlated with the RDA
axes were retrieved on the plot. ISM: inorganic suspended matter, OSM: organic suspended matter, POC: particulates organic
carbon, Tem: temperature, Sal: salinity, Sili: silicate. Trait codes are shown in Table S1.
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The findings are consistent with the results
reported by Bordin et al. (2019), showing that an
increase in nitrate-nitrite concentrations throughout
summer was associated with SACW upwelling.
Moreover increased silicate and nitrate-nitrite,
chlorophyll-a, POC, and PON concentrations
during winters was associated with PPW sprawling.
Therefore, the intensity of the SACW and PPW,
rather than just the changes in SST, played a key
role in the occurrence of these species.

Even under atypical environmental conditions,
the maintenance of functional diversity in copepod
assemblages may be attributed to compensatory
mechanisms. These mechanisms include
changes in the size structure, increased functional
redundancy, and shifts in species composition
(Hooper et al., 2005). Our study further reveals two
compensatory mechanisms that drive copepod
functional diversity in the Arvoredo MPA. Firstly,
Acartia lillieborgii and Temora turbinata, belonging
to the same functional group, demonstrate
functional equivalence and can compensate
for each other in response to environmental
changes such as salinity increases associated
with upwelling intensification and El Nifio events.
Secondly, the decrease in functional richness
was followed by the dominance of Oithona nana,
a small-size omnivore that is favored by high
food availability and the advantage of its ambush
behavior in the copepod community.

The broadcaster omnivore-herbivore copepods
belonging to Group 3, such as A. lillieborgii, T.
turbinata, and Paracalanus indicus, are dominant
when the river plumes (TRp and PPW) bring
more nutrients to the shallow areas, increasing
chlorophyll-a concentrations (Bordin et al., 2019).
A. lillieborgii and T. turbinata belong to the same
functional group and are functionally equivalent,
that is, they perform similar ecological roles in
the ecosystem (Hubbell, 2005), even though they
may differ in terms of seasonal abundance peaks
and biological traits, such as foraging behavior as
the Acartiidae are mixed. While A. lillieborgii was
very abundant in 2014 and 2015, disappearing
in 2016, a year characterized by higher salinity
associated with the presence of SACW, T
turbinata demonstrated greater tolerance to salinity
variability and exhibited high abundance (Menezes

Copepod diversity in the Southwest Atlantic

et al., 2019). The functional equivalence of these
two species is important for compensating for each
other in the face of environmental changes, such
as salinity increases associated with upwelling
intensification and EI Nifio events.

The increased nutrient levels and higher
chlorophyll-a  concentrations  contributed to
the abundance of sac-spawners with ambush-
feeding behavior, especially during winter 2016.
The abundance of Oithona nana was favored by
the combination of its ambush feeding behavior
and availability of food resources in winter. As a
sac-spawner, it invested less energy in growth
and feeding and more in developing egg sacs.
Moreover, broadcasters spent more energy on
survival and capturing food. The trade-off between
feeding efficiency and available energy for growth
and survival in low-food conditions is a common
phenomenon among copepods (Litchman et al.,
2013; Kigrboe, 2011). Besides, the dominance
of small-size omnivores in the subtropical
coastal areas with estuarine influences is a well-
established pattern due to the high food availability
and diversity in these ecosystems (Calbet, 2008;
Neumann-Leitdo et al., 2018).

These two compensatory mechanisms indicate
that, despite the decrease in abundance over the
years, the copepod assemblage can perform its
role in the ecosystem and maintain its functional
diversity. However, it is crucial to note that
abundance changes can still significantly affect the
ecosystem. A decrease in abundance can lead to
changes in the trophic dynamics and interactions
between species and can ultimately affect the
overall functioning of the ecosystem (Hébert et
al., 2017). During the most intense studied winter,
the copepod assemblage experienced a decline
in both functional diversity and abundance and
had no replacement for lost functional entities.
This reduction in functional diversity could indicate
a potential disruption in the trophic dynamics,
interactions between species, and significant
impacts on the overall functioning of the ecosystem.

Maintaining balance and compensating for the
impacts caused by disturbances, such as El Nifio
events, are of utmost importance for a marine
protected area like Arvoredo MPA. The ability of
planktonic populations to exhibit compensatory
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responses contributes to the resilience and stability
of the ecosystem in the face of environmental
changes (Zhang et al., 2022). By compensating
for shifts in copepod species composition
and functional diversity, these mechanisms
help to maintain essential ecological functions
and processes within the ecosystem. This is
particularly significant considering the transitional
nature of the Arvoredo MPA, which acts as a
boundary between tropical and temperate marine
fauna (Floeter et al., 2008).

The functional approach in studies about
plankton can lead to a broader understanding of
local community ecology and how oceanographic
variations affect it. Comprehending the copepods
in the functional trait approach in the Arvoredo MPA
surroundings provided an overview of the plankton
community. The high variability of functional traits
and the shift of copepod species showed the spatial
and seasonal oceanographic complexity of the south
boundary of the Southern Brazilian Shelf. Our findings
can be used as a foundation to understand how the
oceanographic events in these environments can
shape the composition of the planktonic community
concerning the functional groups, since copepods
are the dominating planktonic organisms.

CONCLUSION

Our study provides valuable insights into
the copepod functional diversity in the Arvoredo
Marine Protected Area, highlighting the influence of
seasonal and interannual changes in water masses,
as well as the acute impact of the 2015-2016 El Nifio
event. The occurrence of distinct functional groups
was driven by the intensity of oceanographic
processes. Over the years, the changes observed
in functional diversity and abundance within the
copepod functional diversity indicate the presence
of compensatory mechanisms.

Changes in copepod abundance can affect
the ecosystem even if functional diversity is
maintained. The presence or absence of certain
species and the relative abundance of different
functional groups can alter the trophic dynamics
and species interactions distinctly over summers
and winters. Our findings can be used as a starting
point for further studies with time series data
exploring the effects of numerous El Nifio events

Copepod diversity in the Southwest Atlantic

on the copepod functional diversity. Long-term
monitoring is essential to capture the durability
of compensatory responses that ecosystems
undergo when faced with disturbances, and the
resilience of the Arvoredo MPA in the face of
environmental changes. Therefore, it is essential
to monitor both functional diversity and abundance
to gain an understanding of the impacts of changes
in species composition on ecosystem function.

ACKNOWLEDGMENTS

We would like to thank the MAArE project
team for logistical support. Dr. Melissa Carvalho,
Prof. Alessandra L. Fonseca, and Prof. Eunice
Machado for providing CTD, chlorophyll, and
biochemical data. We are also grateful to the early
stage researchers and Dr. Charles Gorri for their
help with the fieldwork and plankton sorting. We
also thank CAPES (B.S.M. grant); CNPq (312644/
2013-2 and 311994/2016-4 grant to A.S.F),
PIBIC/CNPq (F.B.A. grant), the Chico Mendes
Institute of Biodiversity Conservation (ICMBio),
PETROBRAS, and FAPEU. The implementation of
the project MAArE — Monitoramento Ambiental da
Reserva Bioldgica Marinha do Arvoredo e Entorno
— is a condition set by the ICMBio in the context of
IBAMA’s environmental licensing process.

While ASF experienced her first steps as an
independent professional alongside motherhood,
Paulo Lana guided her during the establishment
of the regional "Marine Biology Centre," which
later evolved into the large "Marine Studies
Centre" in the early 1990s. With keen eyes and
notable speaking skills, Paulo Lana encouraged
creativity, precision, persistence, and focus
among his colleagues. A good-humored, sofft,
and friendly professional partner has emerged
from the powerful image built during the author's
early career. It is certain that Paulo Lana would
have been (he was) very happy and enthusiastic
with all the knowledge shared in this volume in
his honor. RIP, dear Paulo!

AUTHOR CONTRIBUTIONS

B.S.M.: Conceptualization; Investigation; Methodology;
Writing — original draft; Writing — review & editing.

E.C.B.: Investigation; Methodology; Writing — original draft;
Writing — review & editing.

Ocean and Coastal Research 2024, v72(suppl 1):e24006 16



Menezes et al.

F.B.A.: Investigation; Writing — original draft; Writing —
review & editing.

L.C.P.MS.: Methodology; Writing — original draft; Writing —
review & editing.

C.0O.D.: Writing — original draft; Writing — review & editing.

A.S.F.: Supervision; Conceptualization; Investigation;
Project Administration; Writing — original draft; Writing
— review & editing.

REFERENCES

Albers, S. 2020. Rsoi: Import Various Northern and
Southern Hemisphere Climate Indices. Acessed: https://
CRAN.R-project.org/package=rsoi.

Acha, E. M., Mianzan, H. W., Guerrero, R. A., Favero, M.,
Bava, J., Acha, E. M., Mianzan, H. W., Guerrero, R. A,,
Favero, M. & Bava, J. 2004. Marine fronts at the continental
shelves of austral South America: Physical and ecological
processes. Journal of Marine Systems, 44(1-2), 83—105.
DOI: https://doi.org/10.1016/j.jmarsys.2003.09.005

Azam, F., Fenchel, T., Field, J., Gray, J., Meyer-Reil, L. &
Thingstad, F. 1983. The Ecological Role of Water-Column
Microbes in the Sea. Marine Ecology Progress Series,
10, 257-263. DOI: https://doi.org/10.3354/meps010257

Benedetti, F., Gasparini, S. & Ayata, S.-D. 2016. Identifying
copepod functional groups from species functional
traits. Journal of Plankton Research, 38(1), 159-166.
DOI: https://doi.org/10.1093/plankt/fov096

Benedetti, F., Vogt, M., Righetti, D., Guilhaumon, F. &
Ayata, S.-D. D. 2018. Do functional groups of planktonic
copepods differ in their ecological niches? Journal
of Biogeography, 45(3), 604-616. DOI: https://doi.
org/10.1111/jbi.13166

Benedetti, F., Jalabert, L., Sourisseau, M., Becker, B.,
Cailliau, C., Desnos, C., Elineau, A., lIrisson, J.,
Lombard, F., Picheral, M., Stemmann, L. & Pouline,
P. 2019. The Seasonal and Inter-Annual Fluctuations
of Plankton Abundance and Community Structure in
a North Atlantic Marine Protected Area. Frontiers in
Marine Science, 6, 1-16. DOI: https://doi.org/10.3389/
fmars.2019.00214

Bjornberg T. K. S. 1981. COPEPODA. In: Boltovskoy, D.
(ed.), Atlas del Zooplancton del Atlantico Sudoccidental
y métodos de trabajo con el zooplancton marino (pp.
163-168). Mar del Plata: INIDE.

Borcard, D., Gillet, F. & Legendre, P. 2018. Numerical
Ecology with R (2nd ed.). New York: Springer.

Bordin, L. H., Machado, E. C., Carvalho, M., Freire, A.
S. & Fonseca, A. L. D. O. 2019. Nutrient and carbon
dynamics under the water mass seasonality on the
continental shelf at the South Brazil Bight. Journal
of Marine Systems, 189, 22-35. DOI: https://doi.
org/10.1016/j.jmarsys.2018.09.006

Bradford-Grieve J. M., Markhaseva E. L., Rocha C. E. F.
& Abiahy B. 1999. Copepoda. In: Boltovskoy D. (ed.
South Atlantic Zooplankton (2nd ed, pp. 869-1098
Leiden: Backhuys Publishers.

Brandini, F. P, Tura, P. M. & Santos, P. P. G. M. 2018.
Ecosystem responses to biogeochemical fronts in the
South Brazil Bight. Progress in Oceanography, 164, 52—
62. DOI: https://doi.org/10.1016/j.pocean.2018.04.012

=

Copepod diversity in the Southwest Atlantic

Brun, P., Payne, M. R. & Kigrboe, T. 2017. A trait database
for marine copepods. Earth System Science Data, 9(1),
99-113. DOI: https://doi.org/10.5194/essd-9-99-2017

Calbet, A. 2008. The trophic roles of microzooplankton in
marine systems. ICES Journal of Marine Science, 65(3),
325-331. DOI: https://doi.org/10.1093/icesjms/fsn013

Clarke, K. R., Somerfield, P. J. & Gorley, R. N. 2008. Testing
of null hypotheses in exploratory community analyses:
similarity profiles and biota-environment linkage.
Journal of Experimental Marine Biology and Ecology,
366(1-2), 56-69. DOI: https://doi.org/10.1016/j.
jembe.2008.07.009

CPTEC/INPE. 2016. Condigcbes atuais do ENOS:
caracterizagdo do EL-NINO. Acessed: http:/enos.
cptec.inpe.br

Floeter, S. R., Rocha, L. A., Robertson, D. R., Joyeux,
J. C., Smith-Vaniz, W. F., Wirtz, P., Edwards, A. J.,
Barreiros, J. P., Ferreira, C. E. L., Gasparini, J. L., Brito,
A., Falcén, J. M., Bowen, B. W. & Bernardi, G. 2008.
Atlantic reef fish biogeography and evolution. Journal of
Biogeography, 35, 22—-47.

Freire, A. S., Varela A. R. D., Fonseca A. L., Menezes B. S.,
Fest C. B., Obata C. S., Gorri C., Franco D., Machado E.
C., Barros G., Molesani L. S., Madureira L. A. S., Coelho
M. P., Carvalho M. & Pereira T. L. 2017. O Ambiente
Oceanogréfico. In: Segal B., Freire A.S., Lindner A,
Krajewski J.P. & Soldateli M. (org.). Monitoramento
Ambiental da Reserva Biolégica Marinha do Arvoredo
(vol. 1, pp. 159-200). Campinas: Beringela. http://www.
maare.ufsc.br/wp-content/uploads/2018/06/Livro_
MAATrE_Oficial_crip-.pdf

Frontier, S. 1981. Cdlculo del error en el recuento de
organismos zooplancténicos. In: Boltovskoy, D. (ed.),
Atlas del Zooplancton del Atlantico Sudoccidental y
métodos de trabajo con el zooplancton marino (pp.
163-168). Mar del Plata: INIDEP.

Gower, J.C. 1971. A General Coefficient of Similarity and
Some of lts Properties. Society, 27, 857-871.

Grasshoff K., Ehrhardt M. & Kremling K. 1983. Methods of
Seawater Analysis (2nd ed). Weimnheim: Verlag Chemie.

Hébert, M., Beisner, B. E. & Maranger, R. 2017. Linking
zooplankton communities to ecosystem functioning:
toward an effect-trait framework. Journal of Plankton
Research, 39(1), 3—12. DOI: https://doi.org/10.1093/
plankt/fow068

Heiberger, R. M. 2013. HH: Statistical Analysis and Data
Display. In: Heiberger & Holland. R package version
3.1-34. https://CRAN.R-project.org/package=HH.

Hooper, D. U., Chapin lii, F. S., Ewel, J. J., Hector, A.,
Inchausti, P., Lavorel, S., Lawton, J. H., Lodge, D. M.,
Loreau, M., Naeem, S., Schmid, B., Setéla, H., Symstad,
A. J., Vandermeer, J. & Wardle, D. A. 2005. Effects of
biodiversity on ecosystem functioning: a consensus of
current knowledge. Ecological Monographs, 75(1), 3-35.

Hubbell, S. P. 2005. Neutral theory in community ecology
and the hypothesis of functional equivalence. Functional
Ecology, 19, 166-172.

Kigrboe, T. 2011. How zooplankton feed: Mechanisms, traits
and trade-offs. Biological Reviews, 86(2), 311-339.
DOI: https://doi.org/10.1111/j.1469-185X.2010.00148.x

Ocean and Coastal Research 2024, v72(suppl 1):e24006 17


http://L.C.P.MS
https://CRAN.R-project.org/package=rsoi
https://CRAN.R-project.org/package=rsoi
https://doi.org/10.1016/j.jmarsys.2003.09.005
https://doi.org/10.3354/meps010257
https://doi.org/10.1093/plankt/fbv096
https://doi.org/10.1111/jbi.13166
https://doi.org/10.1111/jbi.13166
https://doi.org/10.3389/fmars.2019.00214
https://doi.org/10.3389/fmars.2019.00214
https://doi.org/10.1016/j.jmarsys.2018.09.006
https://doi.org/10.1016/j.jmarsys.2018.09.006
https://doi.org/10.1016/j.pocean.2018.04.012
https://doi.org/10.5194/essd-9-99-2017
https://doi.org/10.1093/icesjms/fsn013
https://doi.org/10.1016/j.jembe.2008.07.009
https://doi.org/10.1016/j.jembe.2008.07.009
http://enos.cptec.inpe.br
http://enos.cptec.inpe.br
http://www.maare.ufsc.br/wp-content/uploads/2018/06/Livro_MAArE_Oficial_crip-.pdf
http://www.maare.ufsc.br/wp-content/uploads/2018/06/Livro_MAArE_Oficial_crip-.pdf
http://www.maare.ufsc.br/wp-content/uploads/2018/06/Livro_MAArE_Oficial_crip-.pdf
https://doi.org/10.1093/plankt/fbw068
https://doi.org/10.1093/plankt/fbw068
https://cran.r-project.org/package=HH
https://doi.org/10.1111/j.1469-185X.2010.00148.x

Menezes et al.

Kierboe, T., Ceballos, S. & Thygesen, U. H. 2015.
Interrelations between senescence, life-history traits,
and behavior in planktonic copepods. Ecology, 96(8),
2225-2235. DOI: https://doi.org/10.1890/14-2205.1

Kozak, E. R., Olivos-ortiz, A., Franco-gordo, C. & Pelayo-
martinez, G. 2018. Seasonal variability of copepod
community structure and abundance modified by the El
Nifio-La Nifa transition (2010), Pacific, Mexico. Revista
de Biologia Tropical, 66(4), 1449-1468. DOI: https://doi.
org/10.15517/rbt.v66i4.32058

Laliberté, E., Legendre, P. & Shipley, B. 2015. Package
‘FD.” Measuring functional diversity (FD) from multiple
traits, and other tools for functional ecology, 1-28.

Legendre, P. & Legendre, L. 2012. Numerical Ecology
(3rd ed). Amsterdam: Elsevier.

Litchman, E., Ohman, M. D. & Kigrboe, T. 2013. Trait-based
approaches to zooplankton communities. Journal of
Plankton Research, 35(3), 473—484. DOI: https://doi.
org/10.1093/plankt/fbt019

Mackas, D. L., Pepin, P. & Verheye, H. 2012. Interannual
variability of marine zooplankton and their environments:
Within- and between-region comparisons. Progress in
Oceanography, 97-100, 1-14.

McEwen G. F., Johnson M. W., Folsom T. R. 1954. A
statistical analysis of the performance of the Folsom
plankton sample splitter, based upon test observations.
Archiv fir Meteorologie, Geophysik und Bioklimatologie,
(7), 502-527.

Menezes, B. S., Macedo-Soares, L. C. P. & Freire, A. S.
2019. Changes in the plankton community according to
oceanographic variability in a shallow subtropical shelf:
SW Atlantic. Hydrobiologia, 835, 165—178. DOI: https://
doi.org/10.1007/s10750-019-3936-5

Misturini, D. & Segal, B. 2017. A REBIO Arvoredo e o projeto
MAACrE. In: Segal B., Freire A.S., Lindner A., Krajewski
J.P. & Soldateli M. (org.). 2017. Monitoramento
Ambiental da Reserva Bioldgica Marinha do Arvoredo.
(vol. 1, pp. 159-200). Campinas: Beringela. Acessed:
http://www.maare.ufsc.br/wp-content/uploads/2018/06/
Livro_MAArE_Oficial_crip-.pdf

Méller Jr, O. O., Piola, A. R., Freitas, A. C. & Campos, E. J.
D. D. 2008. The effects of river discharge and seasonal
winds on the shelf off southeastern South America.
Continental Shelf Research, 28(13), 1607-1624. DOI:
https://doi.org/10.1016/j.csr.2008.03.012

Mouillot, D., Graham, N.A.J., Villéger, S., Mason, N.W.H.
& Bellwood, D.R. 2013. A functional approach reveals
community responses to disturbances. Trends in
Ecology & Evolution, 28(3), 167-177.

Neumann-Leitdo, S., Melo, P. A. M. C., Schwamborn,
R., Diaz, X. F. G., Figueiredo, L. G. P., Silva, A. P,,
Campelo, R. P. S., Junior, M. de M., Melo, N. F. A. C,,
Costa, A. E. S. F,, Aradjo, M., Veleda, D. R. A., Moura,
R. L. & Thompson, F. 2018. Zooplankton from a reef
system under the influence of the Amazon River plume.
Frontiers in Microbiology, 9, 1-15. DOI: https://doi.
org/10.3389/fmicb.2018.00355

Copepod diversity in the Southwest Atlantic

Nychka D., Furrer R., Paige J. & Sain S. 2021. fields: Tools
for spatial data. R package version 14.1. Acessed:
https://github.com/dnychka/fieldsRPackage

Oksanen J., Blanchet F. G., Kindt R., Minchin P. R., O’'Hara
R. B., Simpson G. L., Solymos P., Stevens M. H. H.
& Wagner H. H. 2019. vegan: Community Ecology
Package. R package version 2.0-7. Acessed: http://
CRAN.R-project.org/package=vegan

Piola, A. R., Méller Jr., O. O., Guerrero, R. a. & Campos,
E. J. D. 2008. Variability of the subtropical shelf front off
eastern South America: Winter 2003 and summer 2004.
Continental Shelf Research, 28(13), 1639—-1648. DOI:
https://doi.org/10.1016/j.csr.2008.03.013

Razouls C., Bovée F. de, Kouwenberg J. & Desreumaux N.
2005. Diversity and Geographic Distribution of Marine
Planktonic Copepods. Acessed: http://copepodes.obs-
banyuls.fr/en

R Core Team. 2022. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing. URL https://www.R-project.org/.

Rossi, S. & Soares, M. D. O. 2017. Effects of El Nifio on the
coastal ecosystems and their related services. Mercator,
16(e16030), 1-16. DOI: https://doi.org/10.4215/rm2017.
16030

Schlitzer, R. 2016. Ocean Data View. Acessed: http://odv.
awi.de.

Scor-Unesco. 1966. Determination of photosynthetic
pigments. Monographs on Oceanographic Methodology,
1,9-18.

Sherr, E. & Sherr, B. 1988. Role of microbes in pelagic
food webs: A revised concept. Limnology and
Oceanography, 33(5), 1225-1227. DOI: https://doi.
0rg/10.4319/10.1988.33.5.1225

Villéger, S., Mason, N. W. H. & Mouillot, D. 2008. New
multidimensional functional diversity indices for a
multifaceted framework in functional ecology. Ecology,
89(8), 2290-2301.

Vineetha, G., Karati, K. K., Raveendran, T. V, Babu, K. K. I,
Riyas, C., Muhsin, M. 1., Shihab, B. K., Simson, C. & Anil,
P.2018. Responses of the zooplankton community to peak
and waning periods of El Nifio 2015-2016 in Kavaratti
reef ecosystem, northern Indian Ocean. Environmental
Monitoring and Assessment, 190(465). DOI: https://doi.
org/https://doi.org/10.1007/s10661-018-6842-9

Walter T. C. & Boxshall G. 2018. World of Copepods
database. Acessed: http://www.marinespecies.org/
copepoda.

Whitaker D. & Christman M. 2014. clustsig: Significant
Cluster Analysis. R package version 1.1. Acessed:
https://CRAN.R-project.org/package=clustsig.

Wickham, H. 2016. ggplot2: Elegant Graphics for Data
Analysis. New York: Springer-Verlag.

Zhang, X., Tan, L., Cai, Q. & Ye, L. 2022. Environmental
factors indirectly reduce phytoplankton community
stability via functional diversity. Frontiers in Ecology and
Evolution, 10, 990835.

Ocean and Coastal Research 2024, v72(suppl 1):e24006 18


https://doi.org/10.1890/14-2205.1
https://doi.org/10.15517/rbt.v66i4.32058
https://doi.org/10.15517/rbt.v66i4.32058
h﻿ttps://doi.org/10.1093/plankt/fbt019
h﻿ttps://doi.org/10.1093/plankt/fbt019
https://doi.org/10.1007/s10750-019-3936-5
https://doi.org/10.1007/s10750-019-3936-5
http://www.maare.ufsc.br/wp-content/uploads/2018/06/Livro_MAArE_Oficial_crip-.pdf
http://www.maare.ufsc.br/wp-content/uploads/2018/06/Livro_MAArE_Oficial_crip-.pdf
https://doi.org/10.1016/j.csr.2008.03.012
https://doi.org/10.3389/fmicb.2018.00355
https://doi.org/10.3389/fmicb.2018.00355
https://github.com/dnychka/fieldsRPackage
http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan
https://doi.org/10.1016/j.csr.2008.03.013
http://copepodes.obs-banyuls.fr/en
http://copepodes.obs-banyuls.fr/en
https://www.R-project.org/
https://doi.org/10.4215/rm2017.e16030
https://doi.org/10.4215/rm2017.e16030
http://odv.awi.de
http://odv.awi.de
https://doi.org/10.4319/lo.1988.33.5.1225
https://doi.org/10.4319/lo.1988.33.5.1225
https://doi.org/https://doi.org/10.1007/s10661-018-6842-9
https://doi.org/https://doi.org/10.1007/s10661-018-6842-9
http://www.marinespecies.org/copepoda
http://www.marinespecies.org/copepoda
https://CRAN.R-project.org/package=clustsig

	_heading=h.gjdgxs
	19
	20
	21
	22
	23
	24
	25
	26
	_Hlk148456362

