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Abstract
The richness, abundance, and community structure of copepods were evaluated in the vicinity of La Picuda Island, located in Mochima National Park, Venezuela. Sampling was carried out at six stations over a six-month period in 2021 using a plankton net with a mesh size of 300 µm. Twenty-six zooplankton groups were counted, with copepods being the most abundant group with a relative density of 64.93%. Copepod density ranged from 3 to 268 ind.m3, with significant temporal differences (p<0.05). Forty copepod species were identified, all previously recorded for the Venezuelan Caribbean Sea. The order Calanoida predominated with 24 species (60%), followed by Cyclopoida with 15 species (37.50%) and Harpacticoida

with a single species (2.50%). Temora turbinata, Paracalanus aculeatus, Oncea mediterranea, Oihona setigera, and Acartia tonsa were the most abundant and frequent. Carnivorous species predominated (40%), followed by herbivorous- omnivorous species (27.5%) as the most important trophic guilds. The results showed that differences in the abundance and dominance of the copepod community were mainly influenced by physical factors associated with water masses, but this is poorly understood. The prevalence of carnivorous species suggests adequate food availability in the area for trophic transfer to higher pelagic levels to occur.
Keywords: Species assemblage, composition, Venezuelan Caribbean Sea, Mochima National Park, zooplankton

Resumen
Se evaluó la riqueza, abundancia y estructura comunitaria de los copépodos en las inmediaciones de la isla La Picuda, ubicada en el Parque Nacional Mochima, Venezuela. Se realizaron muestreos en seis estaciones durante un período de seis meses del 2021; para ello, se utilizó una red de plancton con abertura de malla de 300 µm. Se contabilizaron 26 grupos zooplanctónicos, - siendo los copépodos el grupo más abundante con una densidad relativa del 64,93%-. La densidad de copépodos osciló entre 3 y 268 ind.m3, observándose diferencias temporales significativas (p<0,05). Se identificaron 40 especies de copépodos, todas previamente registradas para el mar Caribe venezolano. El orden Calanoida predominó con 24 especies (60%), seguido por Cyclopoida con 15 especies (37,50%) y Harpacticoida con una sola especie (2,50%). Temora turbinata, Paracalanus aculeatus, Oncea mediterranea, Oihona setigera y Acartia tonsa fueron las más abundantes y frecuentes. Predominaron las especies carnívoras (40 %), seguida por las herbívoras-omnívoras (27,5 %) fueron los gremios tróficos más importantes. Los resultados, demostraron que las diferencias en la abundancia y dominancia de la comunidad de copépodos fueron influenciadas, principalmente, por factores físicos asociados a las masas de aguas, pero es poco conocido. La prevalencia de especies carnívoras sugiere una adecuada disponibilidad de alimento en el área, para que ocurra la transferencia trófica a niveles superiores pelágicos.
Palabras clave: Ensamble de especies, composición, Mar Caribe venezolano, Parque Nacional Mochima, zooplancton
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Introduction
One of the most prominent groups within marine zooplankton are copepods, which predominate in mesozooplankton communities (0.2 to 20 mm) in all oceans (Ruiz-Pineda et

al., 2016). They represent the link between primary and secondary production within the marine food web (Bedford et al., 2020; Hamil et al., 2021) and constitute a fundamental trophic group with a major role in the trophic   dynamics   of   pelagic

ecosystems (Keister et al., 2012). Copepods have become important as key biological indicators for assessing the health of marine ecosystems due to their high reproductive capacity, short generation cycle, and rapid response to environmental changes (Chew and Chong, 2016; Shike et al., 2025). In marine ecosystems, copepods constitute between 60 and 80% of zooplankton biomass (Morales- Ramírez and Suárez-Morales, 2009; Márquez-Rojas et al., 2020; Márquez- Rojas and Zoppi, 2023) and can also reach significant densities in benthic habitats.

Copepods play a key role in the aquatic food chain, as they contribute significantly to the transfer of organic matter to the depths of the ocean and to remineralization processes due to their intense and continuous biological activity (Steinberg and Landry, 2017). In addition, they stabilize marine food webs due to their remarkable trophic flexibility, which allows them to adopt a mixed diet (Kozak et al., 2020). However, the contribution of carbon flux will depend on biomass, community composition, interspecific interactions, and local oceanographic conditions (Steinberg and Landry, 2017; Bode et al., 2018).

Abiotic factors such as salinity, turbidity, and temperature, and biotic factors such as competition, predation, habits, food availability and quality, or a combination of both, are directly related to the seasonal and spatial composition and distribution of planktonic copepods in tropical coastal systems (Magalhães et al., 2015; Neumann-Leitão et al., 2018). Therefore, these organisms cannot be considered a homogeneous group, as

their distribution varies in space and time due to the influence of physical- chemical factors and biological processes (Beisner, 2001; Vukanic et al., 2018).

At the global level, studies of copepods in the Mexican Caribbean Sea on systematic and distribution aspects (Suárez-Morales and Gasca, 1997; Ruíz-Pineda et al., 2016) and as indicators of environmental conditions (Ordóñez-López and Ornelas-Roa, 2003; Escamilla et al., 2011) are noteworthy. Meanwhile, in the Colombian Caribbean, various studies on systematics stand out, including reviews and updates of species lists (Martínez-Barragán et al., 2009; Medellín-Mora and Navas, 2010; Gaviria and Aranguren-Riaño, 2019).

The copepod group has been the most studied within zooplankton in Venezuela, particularly on the northeast coast. This group has been researched since the 1960s, with notable work by Zoppi (1961), Legaré (1964), and Infante and Urosa (1986). Since 2000, the research of Márquez- Rojas et al. (2014, 2020, 2021, 2022)
has been noteworthy, with studies on copepods in the Gulf of Cariaco. Márquez-Rojas and colleagues presented an updated list of marine copepod species recorded in the Gulf of Cariaco in 2020, reporting 136 species. Subsequently, Márquez- Rojas and Zoppi (2023) returned to update and review the copepods in five large areas of the northeastern coast of Venezuela (Mochima Bay, Cariaco Basin, Gulf of Cariaco, northeastern Caribbean Sea, and Paria Peninsula and Gulf), bringing the number of copepod species recorded for the area to 234. In the same year, Scott-Frías et

al. (2023) organized the diversity and inventory of pelagic copepods in the southern Caribbean ecoregion (SCA), establishing 346 species and two subspecies; 11 species were new records for the SCA.

As previously noted, copepods have been extensively studied in the Gulf of Cariaco and the northeastern coast of Venezuela. On the other hand, according to the database of Razouls et al. (2025), 724 species of copepods have been identified for the Venezuelan coast, the Caribbean Sea, the Gulf of Mexico, Florida, and the Sargasso Sea, of which 557 species belong to the order Calanoida and 156 to other orders. Of these figures, Márquez-Rojas and Zoppi (2023), as mentioned above, corroborate 234 species, representing 32.3%, while Scott-Frías et al. (2023) raised the number to 346, representing 47.7%. In short, there is still a lot of information missing about the different species that have been recorded in the Caribbean Sea.

In the northern sector of the Mochima National Park (PNM), in the Sucre section, lies La Picuda Island, a site of ecological interest, as this area is one of the main spawning grounds for sardines (Sardiella aurita), which are considered an important fishery resource for the state of Sucre. In addition, sardines are classified as an opportunistic planktivorous species (Gómez and Pérez, 2021), feeding mainly on phytoplankton and zooplankton. Therefore, it was decided to carry out an initial inventory aimed at analyzing the temporal and spatial distribution, as well as the structure of the copepod community around La Picuda  Island.  Furthermore,  the

information collected in this study will provide a reference point for future research on biodiversity, efficient environmental monitoring, and the assessment of anthropogenic impacts, which will contribute to the development of sustainable management strategies for the administration of Venezuela's coastal marine ecosystems.

Materials and Methods Study area
The Picudas Islands are an archipelago made up of a group of islands and islets belonging to Venezuela, which form part of the Mochima National Park, located in the state of Sucre, 44.8 km from Cumaná and close to the border with the state of Anzoátegui (Okuda, 1975). This study was conducted on the most important island, known as Picuda Grande (Figure 1). This island is located in the central part of the park, west of the Caracas Islands, north of the Arapo Islands, east of the Chimanas and Borrachas Islands, and northeast of the Venezuelan cities of Puerto La Cruz and Guanta (Anzoátegui state).
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Figure 1. (A) Location of Venezuela and (B) Geographic area where the sampling stations are located around La Picuda Island, Mochima National Park, Sucre State, Venezuela.


Sampling
Circular surface trawls were carried out, each lasting 10 min, at six stations distributed around La Picuda Island (Figure 1). For this procedure, a 0.35 m diameter plankton net with a mesh opening of 300 µm was used. The drags were carried out once a month between January and August 2021; however, in March and June, samples were not taken due to logistical issues.

The samples were fixed and preserved in a 4% diluted formaldehyde solution prepared with filtered seawater and buffered with sodium tetraborate (Postel et al., 2000). They were then transferred to the Zooplankton Laboratory of the National Center for Fisheries and Aquaculture Research ( CENIPA) in Cumaná for analysis.

Laboratory analysis

The zooplankton samples were concentrated (500 mL stock volume) and three 5 mL subsamples were extracted using a Stempel pipette. Subsequently, under a MOTIC SMZ- 168 stereoscopic microscope, with a magnification of 40X, adult and juvenile copepods were identified and quantified to the lowest possible taxonomic level, using the identification keys of Legaré (Op. cit.), Owre and Foyo (1967), and Campos- Hernández and Suárez-Morales (1994), as well as the database of Razouls et al. (2025). The taxonomic list was based on Walter and Boxshall (2024). Abundance data were standardized to ind.m3, which were calculated using the following equation: Density (ind.m-3) = [Avg. Abun. * Stock conc. / aliquot] / v, where: Avg. Abun. is the average number of organisms obtained in each aliquot, Stock conc. is the stock concentration, and v corresponds to the volumes filtered in each trawl.

The volume of water filtered through the mesh was calculated using the equation:[image: ] , where: π = Constant, r = Radius of the mouth of the net, d= distance traveled. The volume filtered during the sampling was 173 m3.
To analyze functional diversity, each species included in the taxonomic inventory was categorized using ecological characteristics: (a) vertical distribution in the water column: Epipelagic (Epi) inhabits waters from 0 to 200 m, Mesopelagic (Meso) inhabits waters from 200 to 500 m, and Bathypelagic (Bat) inhabits waters below 500 m. (b) Habitat distribution: Coastal (Co): inhabits coastal edges,

Estuarine (E): inhabits estuarine water bodies, Neritic (N): inhabits the continental shelf, Oceanic (O): inhabits the open sea, (c) Trophic regime: Carnivorous (Carn), Detritivorous (Detri), Herbivorous (Herb), Omnivorous (Omn) (Bradford-Grieve et al., 1999; Boxshall and Hasley, 2004; Razoul et al., ).

To establish possible differences between months and seasons with respect to copepod abundance, the Kruskal-Wallis test (KW; Sheskin, 2004) was performed. In cases of significant differences, Dunn's post hoc test was performed to evaluate the differences. Subsequently, box plots were produced, excluding outliers, using Statgraphics Plus version 5.1.

Results
Relative	composition	of zooplankton groups
Zooplankton consisted of 26 taxonomic groups, which were regrouped into seven main groups for better visualization (Figure 2). Copepods obtained the highest percentage (64%) throughout the study, followed by cladocerans (21%), gelatinous	plankton	(7%), ichthyoplankton (fish larvae and eggs, 2%), chaetognaths (2%), crustacean larvae (nauplii, zoeae, megalopae), and the "other" group with 4% represented by organisms with low representation in the samples: bivalve larvae, annelid larvae, amphipods, pteropods, radiolarians, ostracods, among others (Figure 2A).
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Figure 2. Variation in total relative density (A), temporal (B) and spatial (C) of the main zooplankton groups counted on Picuda Grande Island, Mochima National Park, during 2021.


Copepods dominated mainly in January and August 2021, with relative densities above 70%, while May and June reported the lowest densities
(Figure 2B). On the other hand, when analyzing the stations, the highest percentages of copepods were obtained in Station 2 (71.51%) and
Station 5 (71.68%), while the lowest were found in Station 3 (59.09%) and Station 4 (60.41%) (Figure 2C).

Temporal and spatial density of copepods
Copepod density varied between 3

and 268 ind.m-3(Figure 3A), with the highest average densities observed in January ( =198 ind.m-3) and July (
=110 ind.m-3) while the lowest average values were recorded in August ( =34 ind.m-3). Statistical analysis revealed significant temporal differences in copepod density (K-W=19.72; p<0.05); comparisons using Dunn's test showed significant differences in copepod density between January and February (Dunn= 3.25; p= 0.018), January and May (Dunn= 3.26; p= 0.017), and January and August (Dunn= 3.81; p= 0.002). By season, the highest average densities were recorded at St. 1 and St. 5 ( =100

ind.m-3 and  =104 ind.m-3), respectively), while the lowest average values were observed at St. 6 ( =71 ind.m -3) (Figure 3B). However, this variable also did not show significant spatial differences (K-W= 3.80; p> 0.05).

Richness and density of copepod orders

Forty species of copepods were identified, belonging to the orders Calanoida, Cyclopoida, and Harpacticoida (Table 1). Calanoida ranked first with 24 species (60%),

followed by Cyclopoida with 15 species (37.50%) and finally Harpacticoida with a single species (2.50%) (Figure 4). The density of
Calanoida varied between 1 and 223 ind.m-3) ( =9 ind.m-3), while Cyclopoida ranged between 1 and 61 ind.m-3 ( =3 ind.m-3); (Figure 4). At the family and genus level, the Calanoida order is the most diverse group with 10 families and 13 genera, followed by Cyclopoida with 4 families and 8 genera, and Harpacticoida, which comprised only one family and one genus (Table 1).


[image: ]

Figure 3. Monthly (A) and seasonal (B) variation in copepod density on Picuda Grande Island, Mochima National Park, during 2021.



Table 1. Taxonomic list of copepod species reported around La Picuda Island, Mochima National Park, during 2021. Monthly abundance (ind.m-3), Vertical distribution: Epipelagic (Epi), Mesopelagic (Meso), Bathypelagic (Bat); Habitat distribution: Coastal (C), Estuarine (E), Neritic (N), Oceanic (O); Trophic regime: Herbivorous (Herb), Omnivorous (Omn), Detritivorous (Detri), Carnivorous (Carn).

	
	Months
	
	
	Dist.
	Dist.
	Regime

	Taxa
	Jan
	Feb
	Apr	May
	Jul
	Aug
	Vertical
	Habitat
	Trophic

	ORDER CALANOIDA G. O. Sars, 1903
Family Acartiidae Sars 1903
	
	
	
	
	
	
	
	



Acartia (Acanthacartia) tonsa Dana, 1849
Acartia (Odontacartia) lilljeborgi
Giesbrecht, 1889
Family Candaciidae Giesbrecht, 1893 Candacia pachydactyla (Dana, 1849) Candacia varicans (Giesbrecht, 1893) Family Centropagidae Giesbrecht, 1893
Centropages furcatus (Dana, 1849) Centropages velificatus (Oliveira, 1947) Family Eucalanidae Giesbrecht, 1893 Pareucalanus sewelli (Fleminger, 1973) Subeucalanus crassus (Giesbrecht, 1888)
Subeucalanus subcrassus (Giesbrecht, 1888)
Subeucalanus subtenuis (Giesbrecht, 1888)
Family Euchaetidae Giesbrecht, 1893 Euchaeta acuta Giesbrecht, 1893 Euchaeta marina (Prestandrea, 1833) Euchaeta spinosa Giesbrecht, 1893 Family Paracalanidae Giesbrecht, 1893
Calocalanus pavo (Dana, 1852) Paracalanus aculeatus Giesbrecht, 1888
Paracalanus quasimodo Bowman, 1971

-	5	88	33	11	2	Epi	C E O	Omn

	1
	-
	-
	-
	-
	1
	Epi
	CEO
	Herb-Omn

	-
	-
	-
	1
	1
	2
	Epi Meso Bat
	C N O
	Carn

	1
	2
	-
	-
	-
	-
	Epi Meso
	N O
	Carn

	3
	-
	-
	-
	-
	-
	Epi
	N O
	Omn

	5
	29
	8
	6
	8
	3
	Epi
	N
	Carn

	2
	5
	8
	9
	10
	-
	Epi
	N O
	Carn


Epi	N O	Herb2
1
-
-
-
-
23
30
42
6
13
4


Epi	C	Herb-Omn

	-
	6
	
	1
	1
	1
	Epi Meso
	C N O
	Herb-Omn

	-
	-
	-
	1
	-
	-
	Epi Meso
	C N O
	Carn

	5
	5
	3
	2
	11
	4
	Epi Meso
	C N O
	Carn

	-
	-
	-
	-
	1
	-
	Epi-Meso-Bat
	
	

	-
	-
	-
	-
	1
	6
	Epi Meso
	C N O
	Herb

	162
	157
	245
	107
	142
	18
	Epi
	O
	Omn

	4
	-
	-
	39
	39
	45
	Epi
	C N O
	Omn



1894)Parvocalanus crassirostris (Dahl F.,	-
-
-
-
3
7
Epi
C E N O
Herb-Omn
Pontellidae family Dana, 1852








Labidocera acutifrons (Dana, 1849)	-
-
-
-
-
4
Epi Meso
C N O
Herb-Omn
Labidocera scotti Giesbrecht, 1897	-
1
-
-
-
-
Epi Meso
C E N O
Herb-Omn
Labidocera fluviatilis Dahl F., 1894	1
Family Rhincalanidae Geletin, 1976
Rhincalanus cornutus (Dana, 1849)	1
-
3
-
1
-
-
-
-
-
-

Meso Bat
C
N O

Herb-Omn
Family Scolecitrichidae Giesbrecht, 1893
Scolecithrix danae (Lubbock, 1856)	1

4

3

1

4

1

Epi Meso

N O

Omn
Family Temoridae Giesbrecht, 1893








Temora stylifera (Dana, 1849)	6
-
4
5
8
3
Epi
C N O
Herb Omn
Temora turbinata (Dana, 1849)	961
20
73
19
152
49
Epi
C N O
Herb Omn
SUPERORDER PODOPLEA
Giesbrecht, 1882 ORDER CYCLOPOIDA
Family Oithonidae Dana, 1853
Oithona nana Giesbrecht, 1892



-



-



-



-



1



-



Epi



C E N O



Omn
Oithona setigera (Dana, 1849)
12
10
23
33
86
4
Epi Meso Bat
C E N O
Omn




	Oithona similis Claus, 1866
	-
	1
	-
	-
	-
	-
	Epi
	O
	Omn

	Family Corycaeidae Dana, 1852
Agetus typicus Krøyer, 1849
	-
	-
	-
	-
	1
	-
	Epi
	N O
	Carn

	Corycaeus clausi F. Dahl, 1894
	-
	-
	-
	-
	1
	-
	Epi
	N O
	Carn

	Corycaeus speciosus Dana, 1849
	16
	9
	14
	9
	40
	17
	Epi Meso
	C N O
	Carn

	Onychocorycaeus catus (Dahl F., 1894)
	-
	-
	-
	-
	1
	12
	Epi
	C N
	Carn

	Urocorycaeus lautus (Dana, 1849)
	1
	5
	2
	2
	15
	2
	Epi Meso
	C N O
	Carn

	Farranula carinata (Giesbrecht, 1891)
	1
	-
	-
	-
	1
	40
	Epi
	C N
	Carn

	Farranula gracilis (Dana, 1849)
	1
	-
	-
	3
	6
	10
	Epi Meso Bat
	C N O
	Carn

	Farranula rostrata (Claus, 1863)
Family Oncaeidae Giesbrecht, 1893
	-
	-
	-
	-
	1
	-
	Epi Meso
	N O
	Carn

	Oncaea media Giesbrecht, 1891
	5
	8
	6
	4
	18
	5
	Epi Meso
	N O
	Detri

	Oncaea mediterranea (Claus, 1863)
	15
	2
	9
	31
	131
	19
	Epi Meso
	N O
	Detri

	Triconia conifera (Giesbrecht, 1893) Family Sapphirinidae Thorell, 1859 Sapphirina opalina Dana, 1849
	-
3
	-
4
	-
4
	-
1
	3
3
	4
1
	Epi Meso Bat
Epi Meso
	
N O
	
Carn

	ORDER HARPACTICOIDA
Family Miraciidae Dana, 1846
	
	
	
	
	
	
	
	
	

	Macrosetella gracilis (Dana, 1846)
	-
	-
	-
	-
	-
	2
	Epi Meso
	C N O
	Herb

	Total Abundance
	1439
	327
	533
	313
	738
	266
	
	
	



Within the Calanoida, the Paracalanidae and Eucalanidae families comprised the most species (Paracalanus spp., Pareucalanus spp., and Subeucalanus spp.), followed by Euchaetidae (Euchaeta spp.) and Temoridae (Temora spp.).

The most representative calanoids are Temora turbinata, Paracalanus aculeatus,	P.	quasimodo, Subeucalanus subtenuis, S. subcrassus, and Euchaeta marina.

In the Cyclopoida order, the Corycaeidae family, represented by the  genera  Agetus,  Corycaeus,

Onychocorycaeus, Urocorycaeus, and Farranula, comprised the most species, followed by Oncaeidae (Oncaea spp.) and Oithonidae (Oithona spp.). The most representative cyclopoids were Oithona setigera, Corycaeus speciosus, Oncea media, and Oncea mediterranea. Within the order Harpacticoida, only the family Miraciidae was present, with the representative species Macrosetella gracilis (Table 1).


[image: ]
Figure 4. Average richness and density in the composition of copepod orders during the sampling months on Picuda Grande Island, Mochima National Park, during 2021. Average, Richness, Density, and Standard Deviation.




Dominant species
Of the 40 copepod species identified, 12 species were considered dominant, as they obtained percentages greater than or equal to 1% of relative density.

The mean density (MD), relative density (RD), and frequency of occurrence (FO) of the dominant species in the study area are shown in Table  2.  In  general,  Calanoida

copepods were dominant, with an average MD and RD of 212 ind.m-3 and 37.57%, respectively; among them, T. turbinata was the species with the highest FO and RD, with values of 100% and 37.57%, respectively. The second most abundant species was P. aculeatus with an FO of 95.83% and a

DR of 24.51%. Third place went to Oncea mediterranea with a DM of 38 ind.m-3 and an FO of 100%. Oithona setigera had an FO of 100%, but ranked fourth with a DR of 4.95% and DM of 28 ind.m-3 (Table 2).


Table 2. Mean density (MD), relative density (RD), and frequency of occurrence (FO) of the main dominant copepod species on La Picuda Grande Island, Mochima National Park, during 2021.

Species	MD (ind.m-3 )	RD (%)	FO (%)
	Temora turbinata
	2
	37.5
	100

	Paracalanus aculeatus
	139
	24.51
	95.83

	Mediterranean eleven
	38
	6.69
	100

	Oithona setigera
	28
	4.95
	100.00

	Acartia tonsa
	23
	4.10
	70.83

	Paracalanus quasimodo
	21
	3.75
	47.22

	Subecalanus subcrassus
	20
	3.48
	97.2

	Corycaeus speciosus
	18
	3.10
	98.61

	Centropages velificatus
	10
	1.74
	88.89

	Oncea media
	8
	1.36
	90.27

	Farranula carinata
	7
	1.24
	33.34

	Pareucalanus sewelli
	6
	1.00
	73.60




Ecological characteristics
Three functional groups were identified in the taxonomic list of copepod species: vertical distribution, habitat distribution, and trophic regime (Figure 5). Vertical distribution was represented by 18 species that live exclusively in the epipelagic zone (45%), followed by 16 species that live in both epipelagic and mesopelagic zones (40%); in addition, five species were recorded that inhabit the epipelagic, mesopelagic, and bathypelagic zones (12.5%), and only one species (Rhincalanus cornutus) that inhabits the mesopelagic and bathypelagic zones (Figure 5A).

In terms of habitat distribution, 14 species (35%) were found to inhabit both coastal, neritic, and oceanic waters, and 12 species (30%) inhabit neritic and oceanic waters. Three species (Paracalanus aculeatus, Oithona similis, and Triconia conifera) inhabit exclusively oceanic waters (7.5%), and a single species (Labidocera fluviatilis) inhabits coastal and estuarine areas (2.5%); The remaining 10 species (25%) are found in any environment (coastal, oceanic, estuarine, or neritic) (Figure 5B).

Copepods are represented by four trophic regime groups; 16 species are carnivorous (40%), among which Candacia pachydactyla, Pareucalanus

sewelli, Euchaeta marina, Corycaeus speciosus, Farranula gracilis, and Sapphirina opalina stand out. The second group is represented by herbivorous-omnivorous species (27.5%), including Acartia lilljeborgi, Subeucalanus subtenuis, Labidocera scotti, Temora turbinata, and Oithona similis. These were followed by omnivorous species with 17.5%, including Centropages furcatus, Paracalanus quasimodo, Scolecithrix

danae, Oithona nana, and O. setigera. Three herbivorous species made up 7.5%, represented by Subeucalanus crassus, Calocalanus pavo, and Macrosetella gracilis. Finally, the group of exclusively detritivores species, also representing 7.5%, was represented by the family Oncaeidae (Oncaea	media,	Oncaea mediterránea, Triconia conífera) (Figure 5C).


[image: ]
Figure 5. Ecological attributes of the copepods collected on Picuda Grande Island, Mochima National Park, during 2021. Percentage of species by (A) Vertical distribution: Bathypelagic (Bat), Epipelagic (Epi), Mesopelagic (Meso); (B) Habitat distribution: Coastal (C), Estuarine (E), Neritic (N), Oceanic (O); (C) Trophic regime: Herbivorous (Herb), Omnivorous (Omn), Detritivorous (Detri), Carnivorous (Carn).


Discussion

The copepod species identified in this study have been confirmed for Venezuela, the Caribbean Sea, the Gulf of Mexico, Florida, and the Sargasso  Sea  according  to  the

database of Razouls et al. (Op. cit.). Similarly, these species are cited in the latest copepod inventories carried out in the eastern part of the country (Márquez-Rojas et al., 2020; Márquez- Rojas and Zoppi, 2023; Scott-Frías et al.,  2023).  Like  numerous  studies

carried out in Venezuela and the Caribbean (Zoppi, 1961; Legaré, 1964; Martínez-Barragán et al., 2009; Álvarez-Cadena et al., 2015; Ruíz- Pineda et al., 2016; Márquez-Rojas et al., 2021, 2022; Márquez-Rojas and Zoppi, 2023) confirm the abundance and dominance of these crustaceans (70–80%) over other zooplankton groups.

In terms of temporal variation, the highest copepod densities were recorded in January and July (=198 and =110 ind.m-3, respectively). Similar results were reported by Márquez-Rojas et al. (Op. cit.), who recorded maximum abundance in July (800 ind.m-3) and January (743 ind.m- 3) in the Gulf of Cariaco. However, the copepod densities recorded in the present study are remarkably low when compared to other studies conducted not only in the northeastern region but also in the Mexican Caribbean, as reported by Suarez- Morales and Gasca (1997) with a mean density of 5453 ind. 1000 m-3, and Ruíz-Pineda et al. (2016) found high abundance in January (74,726 ind.1000 m-3) and July (55,198 ind.1000 m-3) in Chetumal Bay.
These differences show significant interannual variations in the local copepod community, which can be attributed to variations in abiotic and biotic factors, as mentioned above (Magalhães et al., 2015; Neumann- Leitão et al., 2018). In addition, Herrera-Silveira et al. (2009) mention fluctuations in rainfall patterns and anthropogenic influence as other factors that also play a role in changes in the abundance of these organisms. The continuous input of agricultural and urban wastewater into bays and

coastal areas, which are typically oligotrophic systems, leads to eutrophication; this could explain the variations in copepod abundance over time and location.

Among other possible factors that could influence the decrease in copepod density concentrations, seasonal changes in upwelling intensity can be mentioned, as pointed out by Taylor et al. (2012). For the year in which this research was conducted, no high-magnitude coastal upwelling was detected. In addition, the influence of the E-NE trade winds during the upwelling period must be considered, as they generate Ekman transport that displaces surface waters away from the continent. At the same time, the location of La Picuda Island, which is an area nestled within the continental shelf, relatively far from the coast, facilitates the outward transport of zooplankton populations, especially copepods.

The Calanoida order was the most abundant and diverse group in this study; the Paracalanidae and Eucalanidae families contained the most species, followed by Euchaetidae and Temoridae. The most abundant species within these families were Temora turbinata, Paracalanus aculeatus, P. quasimodo, Subeucalanus subtenuis, S. subcrassus, and Euchaeta marina. These results are similar to those found in northeastern Venezuela, the Cariaco Basin and Gulf, and the waters of Margarita Island (Zoppi, 1961; Legaré, 1964; Márquez-Rojas et al., 2020; Márquez-Rojas and Zoppi, 2023). Similarly, they coincide with findings in the Caribbean Sea (Michel and Foyo, 1976) and the southern Gulf

of Mexico (Suárez-Morales and Gasca, 1997; Ruiz Pineda et al., 2016).

As is characteristic of copepod research in the northeast of the country (Zoppi, 1961; Legaré, 1964;
Márquez-Rojas et al., 2020, 2021, 2022; Márquez-Rojas and Zoppi, 2023), Temora turbinata was the most abundant, dominant, and frequent species recorded in the present study. This also coincides with reports from the Gulf of Mexico and the Caribbean Sea (Campos-Hernández and Suárez- Morales, 1994; Suárez-Morales and Gasca, 1997; Razouls et al., 2025), where it has been classified as a native and predominant species in tropical	mesozooplankton communities in coastal and oceanic environments. Recently, Márquez- Rojas et al. (2024) studied the Temoridae family in Mochima National Park, identifying T. turbinata as the most abundant and dominant species, ahead of its congener T. stylifera.
Paracalanus aculeatus, identified as the second most abundant species in the present study, is usually one of the most common taxa in the epipelagic zone of estuarine and coastal waters of seas located in tropical and subtropical latitudes (McKinnon and Duggan 2014). This confirms the aforementioned result and has also been corroborated by research in northeastern Venezuela, where this species is cited as one of the most abundant, associated with surface strata (Legaré, 1964; Márquez-Rojas and Zoppi, 2023). On the other hand, Pereira-Araujo (2006) describes P. quasimodo as the dominant and most frequent  species  in  his  study  in

northeastern Brazil; however, in this study, the frequency is less than 50%. Acartia tonsa, the fifth most abundant species in this study, was present in five of the six months analyzed. In this regard, Márquez-Rojas et al. (2020, 2021) detected it in the Gulf of Cariaco, where it was the most abundant and dominant species within the copepod community. Acartia species are typically euryhaline forms and usually predominate in tropical estuarine systems, but they are often accompanied by other less dominant species (Ordóñez-López and Ornelas- Roa, 2003; Escamilla et al., 2011; Álvarez-Cadena et al., 2015) or even displaced as secondary species in coastal systems with greater marine influence (Álvarez-Silva et al., 2006; Costa et al., 2011).

Within the order Cyclopoida, representatives of the family Oncaeidae are called microcopepods and constitute the most diverse taxon within this group (Böttger-Schnack and Schnack, 2023). In the present study,
O. mediterranea is the third most abundant species, with an occurrence frequency of 100%. This differs from the report by Martínez-Barragán et al. (2009) in the Providencia and Santa Catalina islands in the Colombian Caribbean Sea, which recorded low abundances of O. mediterranea (2.48%), although the authors indicated that they were very frequent in the samples analyzed. This species is considered oceanic, typical of the surface waters of the Caribbean Sea, and has been recorded in the equatorial tropics, in regions adjacent to the northwest Atlantic, in the western Caribbean, the Florida Current, the Guiana Current, and in the Gulf of Mexico (Owre and Foyo,

1967;   Campos-Hernández   and
Suárez-Morales, 1994; Suárez- Morales and Gasca, 1997).

Oithona setigera ranked fourth in abundance and was observed in all months of the study; this species, together with O. plumífera, stand out as the most abundant within the Oithonidae family of the Cyclopoida order and are frequent in samples above 100 m depth in coastal and estuarine areas of the Gulf of Mexico, Caribbean Sea, and Colombian Caribbean (Owre and Foyo 1967; Campos-Hernández and Suarez- Morales, 1994; Suárez-Morales and Gasca, 1997; Dorado-Roncancio et al., 2021). O. setigera plays a fundamental role in marine food webs, microbial loops, and the carbon cycle (Saiz et al., 2003). Its diet consists of smaller organisms, such as heterotrophic or autotrophic microbes and nauplii of other copepods, and it is the preferred food of fish larvae (Elwers and Dahms, 1999).

Within the order Harpacticoida, only the family Miraciidae was present, represented by the species Macrosetella gracilis. This copepod, which inhabits tropical and subtropical oceans, was identified in the Caribbean Sea and Gulf of Cariaco (Márquez-Rojas and Zoppi, 2023) and is associated with blooms of Trichodesmium spp. (Huys and Böttger-Schnack, 1994). M. gracilis is one of the few species of the Miraciidae family that has developed a pelagic lifestyle (Huys and Böttger- Schnack, 1994) and uses Trichodesmium spp. colonies as floats, as a breeding area for its nauplii, and as a possible food source (Huys  and  Böttger-Schnack,  1994;

Eberl and Carpenter, 2007). The above corroborates its epipelagic preference, as it is caught in the first few meters of the water column. However, in the present study, the premise of its association with Trichodesmium spp. blooms cannot be corroborated, as no samples were taken to identify the phytoplankton composition.

According to the results obtained, Temora turbinata, Paracalanus aculeatus, Oncea mediterranea, Oithona setigera, and Acartia tonsa are the most frequent and dominant species around La Picuda Island. It is important to mention that the copepod species identified in this study as the most abundant and predominant differ from those found in the Cariaco Basin and Gulf (Márquez-Rojas et al., 2020, 2021). According to these authors, A. tonsa, T. turbinata, and P. quasimodo are the most abundant and dominant species in that area. In this study, only
T. turbinata coincides with the findings of the aforementioned researchers, as
A. tonsa and P. quasimodo ranked fifth and sixth in abundance, with percentages of less than 5% relative density. These differences in the abundance and dominance of the copepod community around La Picuda Island could be due to the location of La Picuda Island, which is relatively far from the coast (approx. 11.15 km), favoring the transport of zooplankton populations, especially copepods, away from the coast by the E-NE trade winds during the upwelling period when surface waters move away from the continent due to Ekman transport. It could also be due to biological mechanisms that allow the copepod community to tend to form a structure in gradients depending on their trophic

level, stage of development, and degree of resilience, which is why these processes tend to be important in mesoscale processes (Avois- Jacquet et al., 2000; Leising and Franks, 2000).

In short, various studies indicate that the distribution and composition of copepod assemblages are mainly affected by physical factors of water masses on large spatial scales, while the biological effects that prevail on finer scales are still poorly understood (Avois-Jacquet et al., 2000; Leising and Frank, 2000). Therefore, a better understanding of the responses of copepod	assemblages	to environmental and biological variables is needed to interpret and predict patterns based on their biological responses.

Among the functional groups studied, predatory (carnivorous) species characterized by their large body size (> 2.5 mm) and whose feeding strategy is based mainly on ambush or stalking stood out. Among these, Centropages	velificatus, Pareucalanus sewelli, Euchaeta marina, Corycaeus speciosus, Urocorycaeus lautus, Farranula gracilis, and Sapphirina opalina stood out. These species are distributed in epipelagic, mesopelagic, and bathypelagic environments; they feed on the juvenile stages of their congeners or other species of minor genera, such as Acartia spp., Oithona spp., and Oncea spp., according to recent studies (Pomerleau et al., 2015; Razouls et al., 2025). This functional group of predatory species can also feed on fish larvae and compete with juvenile fish and larvae for food resources  (Bradford-Grieve  et  al.,

1999; Boxshall and Hasley, 2004). In addition, this group is very important, as it is among the most numerically abundant taxa and among the main secondary producers in deep ocean waters (Pomerleau et al., 2015). Furthermore, the dominance of carnivorous copepods suggests the presence of many small prey, representing trophic transfer to higher levels.

The other functional group of copepods corresponds to herbivores- omnivores, whose body size ranges from 1 to 2 mm, with mostly cosmopolitan species residing in epipelagic and mesopelagic ecosystems in habitats associated with neritic waters and with continental influence, such as Acartia (Acanthacartia) tonsa, A. lilljeborgi, Subeucalanus subcrassus, S. subtenuis, Labidocera scotti, L. fluviatilis, Temora turbinata, T. stylifera, and Oithona similis, among others. These copepods feed mainly on microalgae, but are also conditioned by the availability of detritus, favoring the recycling of organic matter, carcasses, and deposits suspended in the water column (Bradford-Grieve et al., 1999; Boxshall and Hasley, 2004; Pomerleau et al., 2015; Dorado- Roncancio et al., 2021). In turn, these copepods are preyed upon by large carnivorous zooplankton species and epipelagic fish (Mackas and Coyle, 2005). This was corroborated by research conducted by Kurtz and Matsuura (2001) in Brazil and Morote et al. (2008) in the Mediterranean, who investigated the ingestion of Oithona, Oncaea, and Clausocalanus by the sardines Sardinella brasiliensis and S. aurita. However, S. aurita is the most

important marine resource in Venezuela, and stomach content studies have documented that the most frequently consumed zooplankton are copepods (94%) (Gómez and Pérez, 2021), but the species are unknown, which means that more detailed information on the main copepod species is needed.

Another important functional group of coastal and shelf habitats, one of the main contributors to the secondary production of the zooplankton community, composed of small omnivorous copepods such as Paracalanus spp., Clausocalanus spp., and Oithona spp., are ecologically significant, as they are among the most numerically abundant taxa and among the main secondary producers (Bradford-Grieve et al., 1999; Boxshall and Hasley, 2004), corroborating the high abundance and frequency of occurrence of these genera in the present study, as well as in the northeastern zone of Venezuela (Márquez-Rojas et al., 2021; Márquez- Rojas and Zoppi, 2023).

In Venezuela, studies of the marine zooplankton community are mainly based on qualitative and quantitative analyses and traditional taxonomic analyses; however, studies using a functional approach are scarce. In this study, some functional aspects of the copepod species identified around La Picuda Island were described; This research is largely based on information available in the literature, although   original   and   direct

information on many species is limited and often scarce. This includes information on size, habitat, feeding habits, biovolume, stomach content, sex ratio, growth or excretion rates, among others, which is only usable for a select group of species. Therefore, the description of the ecological attributes described in this research emphasizes the importance and link between copepod species in relation to their ecological attributes and their role in the various trophic webs in the southeastern Caribbean Sea. By examining some functional aspects of copepod species, we established characteristics common to some species, which provides valuable tools for understanding and predicting possible changes in trophic functions and ocean network dynamics.

Therefore, functional analysis is a more in r and deeper way to investigate biodiversity in contrast to traditional taxonomic analysis (Pomerleau et al., 2015; Benedetti et al., 2019). By studying the functions of organisms, we can better understand the complexity of ecosystems and their importance. It is therefore essential that future research incorporate some of the functional dimensions of diversity in order to better understand the possible responses of pelagic ecosystems to environmental changes, which will contribute to the sustainable management of these ecosystems and the protection of marine biodiversity (Jiménez- Rosenberg and Aceves-Medina, 2009; Francisco and De La Cueva, 2018).
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