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Resumen.- La biomasa del zooplancton es un indicador indirecto de producción secundaria y una medida que permite realizar estimaciones 
sobre la disponibilidad de materia en la trama trófica. Este estudio compara la biomasa húmeda de zooplancton dentro de la Bahía de La 
Paz, el cuerpo de agua costero más grande y profundo en el Golfo de California, México, en dos épocas contrastantes (invierno y verano) 
y analizó el papel del forzamiento físico en sus valores y distribución. Se realizaron dos cruceros oceanográficos, en febrero 2006 y agosto 
2009, donde se adquirieron datos hidrográficos de alta resolución y se colectaron organismos de zooplancton. Los resultados mostraron 
cambios en las propiedades hidrográficas de la columna de agua. El patrón de circulación estuvo dominado por la presencia de un vórtice 
ciclónico bien definido con diferentes velocidades azimutales, con mayor intensidad en verano (75 cm s-1) que en invierno (20 cm s-1). La 
biomasa de zooplancton fue ligeramente menor en invierno (43,4 g 100 m-3) que en verano (45,5 g 100 m-3). Las biomasas de zooplancton más 
altas se observaron en las estaciones someras, cercanas a la costa, y en la conexión con el Golfo de California. Sin embargo, se observaron 
valores altos secundarios en las periferias de los vórtices, describiendo un patrón de distribución circular siguiendo su circunferencia, lo 
que podría atribuirse a: 1) los vórtices retienen a los organismos del zooplancton y los advectan hacia su periferia, y 2) procesos de mezcla 
en las periferias de los vórtices aseguran alimento (fitoplancton) para los organismos del zooplancton.

Palabras clave: Zooplancton, distribución horizontal, vórtice ciclónico, estacionalidad, Bahía de La Paz

Abstract.- Zooplankton biomass is an indirect proxy of secondary production and a measure that allows estimates to be made about 
the availability of matter in the food web. This study compares the wet biomass of zooplankton within the Bay of La Paz, the largest and 
deepest coastal water body in the Gulf of California, Mexico. It analyzes the influence of the physical forcing in zooplankton biomass 
and distribution. Two research cruises were conducted in February 2006 and August 2009, recording high-resolution hydrographic data 
and collecting zooplankton. The hydrographic properties of the seawater column changed in both seasons. The circulation pattern was 
dominated by a well-defined cyclonic eddy with different azimuthal velocities, being more intense in summer (75 cm s-1) than in winter 
(20 cm s-1). Zooplankton biomass showed slightly lower values in winter (43.4 g 100 m-3) than in summer (45.5 g 100 m-3). Its horizontal 
distribution showed that the highest values were observed in the shallow stations, close to the coast, and in the connection with the Gulf 
of California. However, high secondary values were observed at the eddy’s peripheries, describing a circular distribution pattern following 
their circumference, which could be attributed to 1) eddies retain zooplankton organisms and advect them to their periphery, and 2) mixing 
processes at the eddies peripheries ensure food (phytoplankton) for zooplankton organisms. 

Key words: Zooplankton, horizontal distribution, cyclonic eddies, seasonality, La Paz Bay

Introduction

Biomass, classically defined as the weight of organic 
matter present in a given area (g 100 m-3) during a given 
period (Odum 1963), represents an ecological indirect 
proxy of biological production in any ecosystem. Its 
quantification is an initial step to estimate the availability 
of organic and, sometimes, inorganic matter and energy 
throughout the food webs (Steinberg & Landry 2017, 
Drago et al. 2022). 
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Marine zooplankton is a complex and diverse group of 
species that inhabits the world’s oceans, it is represented 
by practically all phyla in the marine environment playing 
a fundamental function in the biogeochemical cycles. 
The quantification of zooplankton biomass is an indirect 
proxy of secondary production and is a measure of matter 
available from the base of the food web to organisms 
at higher trophic levels (including species of high 
ecological and economic value) allowing the evaluation 
of the productive potential of the ocean (Irigoien et al. 
2004, Brierley 2017, Hernández-León et al. 2019). The 
quantification of zooplankton biomass also allows the 
estimation of the carbon amount that can be transferred to 
the oceans’ interior (Burd & Thomson 2022).

Zooplankton biomass is highly variable in space and 
time. It is dependent on multiple physical factors (e.g., 
temperature, salinity, density) and hydrodynamic processes 
that occur in the sea water column (e.g., internal waves, 
fronts, eddies) (McGillicuddy 2016, Woodson 2018). Sea 
water temperature has been postulated as the primary 
physical driver of zooplankton biomass rates in the 
North Sea (Nicolas et al. 2014). Increases in sea surface 
temperature have been related to a long-term decline in 
zooplankton biomass on the Patagonian Shelf, Argentina 
(Cepeda et al. 2022), while seasonal and interannual 
variations in zooplankton biomass have also been 
associated with changes in the temperature regime related 
to the confluence of large-scale processes (such as the 
Pacific decadal oscillation in the Sea of Japan), suggesting 
that zooplankton biomass increases on average during 
the cold-water regime (Kodama et al. 2022). Salinity has 
also been postulated as one of the main physical factors 
controlling zooplankton biomass, mainly in the epipelagic 
layer in different marine environments worldwide (Drago 
et al. 2022).

The physical conditions that determine changes in 
zooplankton biomass have been investigated in Mexican 
waters during the last two decades. For example, in the 
southern Gulf of Mexico, Vera-Mendoza & Salas de 
León (2014) evaluated zooplankton biomass near the 
region where the Coatzacoalcos River joins the open 
gulf, reporting salinity as the main physical factor driving 
zooplankton biomass. Later, Zavala-García et al. (2016) 
analyzed the magnitude of freshwater discharge volume 
of the Grijalva-Usumacinta River system in the southern 
Gulf of Mexico, concluding that seasonal fluctuations in 
freshwater discharge control the zooplankton biomass in 
the region. Changes in the sea water column temperature 
regime have also been postulated as the main physical 
factor determining fluctuations in zooplankton biomass 
in the southern Gulf of Mexico (Espinosa-Fuentes et al. 
2009). Studies on the influence of the hydrography and 
the circulation pattern of the southern Gulf of Mexico on 
zooplankton populations in the last years displayed that 

the presence of cyclonic eddies induced high nutrient 
concentrations and high values of zooplankton biomass 
(Färber-Lorda et al. 2019). In this regard, Fuentes-
Martínez et al. (2022) assessed zooplankton biomass rates 
and their horizontal distribution in the Campeche Canyon, 
southern Gulf of Mexico, revealing a circulation pattern 
dominated by the presence of eddies (both cyclonic and 
anticyclonic) that strongly influence the distribution of 
zooplankton organisms inducing high biomass values in 
association with cyclonic eddies.

In the Gulf of California, some works have addressed 
the role of the physical forcing on the zooplankton 
populations, showing that sea water temperature 
(Lavaniegos-Espejo & Lara-Lara 1990), salinity levels 
(Farfán & Álvarez-Borrego 1992) and the presence of 
eddies (Salas-de-León et al. 2011) strongly influence 
the zooplankton biomass. In Cabo Pulmo, located in the 
southern Gulf of California, a recent study indicates that 
certain zooplankton populations are undergoing changes in 
their composition, abundance, and biomass due to extreme 
and unusual warming events. These warming events have 
resulted in a decline in these parameters and have led to 
a dominance of species with tropical affinities (Beltrán-
Castro et al. 2020).

Particularly in the Bay of La Paz, the biomass, 
abundance and distribution of some zooplankton groups 
(e.g., euphausiids) are influenced by the changes that exist 
in the temperature regime between February and August, 
generating higher biomass values during the coldest 
months (De Silva-Dávila & Palomares-García 2002). 

These studies have been very valuable in elucidating 
some environmental variables’ role in zooplankton groups 
distribution. However, the circulation pattern’s role in 
the zooplankton biomass of the Gulf of California and 
adjacent regions, such as the Bay of La Paz, still needs 
to be addressed.

This study aimed to compare zooplankton biomass 
and its relationship with the hydrography and the 
circulation pattern within the Bay of La Paz during winter 
and summer, based on high-resolution hydrographic 
data and zooplankton samples that were acquired in 
two oceanographic cruises on board the R/V El Puma 
operated by Universidad Nacional Autónoma de México. 
This study hypothesizes that the significant climatic 
differences between winter and summer in the region 
will lead to changes in the hydrographic properties of the 
water column and circulation patterns. These changes are 
expected to affect zooplankton biomass values and their 
distribution patterns. By presenting wet biomass values 
during two contrasting seasons, this research enhances 
the understanding of zooplankton dynamics in Bay of La 
Paz, particularly highlighting the role of eddies influencing 
these dynamics.
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Materials and methods

Study area
The Bay of La Paz is located in the southwestern portion 
of the Gulf of California (Fig. 1a). The bay area is about 
2,400 km2 (Durán-Campos et al. 2020). It is the largest 
and deepest bay (420 m of maximum depth) in the Gulf of 
California (Fig. 1b). Several groups of organisms inhabit 
the Bay of La Paz, including species with ecological and 
commercial value, some of these species are endangered 
(Durán-Campos et al. 2020). The high biodiversity has 
been closely related to its circulation pattern dominated 
by the presence of a quasi-permanent cyclonic eddy 
(Monreal-Gómez et al. 2001) that induces an Ekman 
pumping with nutrients fertilizing the euphotic zone to 
which the phytoplankton responds, triggering a bottom-
up mechanism that positively impacts the upper levels 
of the pelagic trophic web (Coria-Monter et al. 2017). 
Additional processes such as internal waves, thermo-
haline fronts, and hydraulic jumps have been related to 
the high biological production within the Bay of La Paz 
(Coria-Monter et al. 2019a, Durán-Campos et al. 2019, 
Rocha-Díaz et al. 2021). 

The thermohaline structure of the bay includes the 
presence of four main water masses: 1) the warm, salty 
Gulf of California Water (GCW, S > 35 and T > 12 ºC), 2) 
the Subtropical Subsurface Water (StSsW, 34.5 < S < 34.9 
and 9 ºC < T < 18 ºC), 3) the Tropical Surface Water (TSW, 
S < 34.6, T > 25.1 ºC), and 4) the Pacific Intermediate 
Water (PIW, 34.6 < S < 34.9 and 4 ºC < T < 9 ºC) which 
is restricted to the region connecting the bay to the Gulf of 
California (Torres-Orozco 1993, Lavín et al. 1997, Lavín 
& Marinone 2003). The TSW mass is typically related to 
the presence of El Niño events that potentially impact the 
region, which also affects the trophic status of the interior 
of the bay and confers low phytoplankton biomass values 
in the bay (Monreal-Gómez et al. 2001, Coria-Monter et 
al. 2019b).

The Bay of La Paz is highly variable, with two 
contrasting seasons. During the winter, the atmospheric 
circulation pattern is characterized by intense (> 12 m s-1) 
and persistent dry and cold northwesterly winds, affecting 
the region from December to March. During the summer, 
the circulation pattern is reversed, with winds of the 
southeast component that are characterized by being wet, 
warm and low speed (< 4 m s-1) associated with frequent 

Figure 1. a) Map of the Gulf of California, Mexico and b) study area in the Bay of La Paz. The plus sign (+) represent the stations in which 
a CTD sonde was used to acquire hydrographic data. Circles in red represent stations in which zooplankton organisms were collected. 
The bathymetry is shown in meters / Mapa del Golfo de California, México, área de estudio en la Bahía de La Paz. El símbolo más (+) representa 
las estaciones en las que se utilizó una sonda CTD para adquirir datos hidrográficos. Los círculos rojos representan las estaciones en las que 
se recolectaron organismos zooplanctónicos. La batimetría se muestra en metros
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calms from June to September (Monreal-Gómez et al. 
2001). This seasonal wind pattern has a strong impact 
because it induces mixing of the water column during 
winter (which benefits phytoplankton communities, and 
therefore zooplankton), but also induces an alternation 
in the depth of the thermocline/pycnocline, being deeper 
during winter (> 50 m) than during summer (25-30 m) 
(Durán-Campos et al. 2020). 

Sampling
This study is based on hydrographic data and zooplankton 
samples collected in the Bay of La Paz and its connection 
to the Gulf of California in two research cruises on board 
the R/V El Puma, carried out in two contrasting seasons, 
winter (February 3 to 7, 2006) and summer (August 11 
to 16, 2009) (Fig. 1b). Hydrographic data were acquired 
in both cruises with a CTD/Rosette System on a grid of 
45 hydrographic stations (Fig. 1b). The CTD was set to 
store data at a 24 Hz frequency. Each cast was run at a 
downwelling speed of ~1 m s-1 and ~5 m above the seafloor.

Zooplankton organisms were collected at a total of 22 
oceanographic stations (Fig. 1b), both day and night, by 
oblique hauls using Bongo nets (333 μm mesh-size, 60 
cm of diameter at the mouth) configured with calibrated 
mechanical flowmeters (General Oceanics) before and 
after the cruise. Each haul was carried out for 15 min at a 
speed of 1.02 m s-1, from 200 m depth to the surface, but 
for shallow stations, hauls started near the bottom (5 m) 
to the surface. After each zooplankton haul, the nets were 
inspected and carefully rinsed with seawater. The collected 
organisms were immediately fixed with 4% formalin for an 
initial period of 24 h. A 70% ethanol solution was then used 
for final preservation in airtight glass containers in dark 
and dry conditions. During the storage time, the samples 
were subjected to continuous maintenance, including 1) 
continuous changes of the jar lids to avoid evaporation of 
the solvent, and 2) periodic changes of alcohol (usually 
every two months) to avoid degradation of the organisms.

Laboratory analyses
In the laboratory, zooplankton biomass was calculated 
following the protocols described by Durán-Campos et al. 
(2015, 2019). Zooplankton was weighed from the complete 
sample from each sampling station contained in a plastic 

sieve configured with a 200 μm mesh after removing the 
excess ethanol by blotting paper for a time between 1 and 
3 h (wet weight). The zooplankton biomass value of each 
station (expressed in g per 100 m-3) was then obtained 
with the equation:

100NWZB
FW

= ×

Where, NW is the net weight of the sample (after 
complete removal of ethanol) expressed in g. FW is the 
volume of water filtered during hauling (obtained from 
the flowmeter placed on the nets) expressed in m3. It is 
important to note that large organisms that could introduce 
bias into the calculations were removed before weighing 
the samples, including large gelatinous zooplankton 
(e.g., jellyfish) and juvenile fish. Unrelated items such as 
marine debris, leaf litter, and small mangrove branches 
were removed. 

Data analyses
The CTD data were subject to different levels of 
processing. Initially, the raw data acquired at each station 
were converted with the manufacturer’s software and 
processed following its routines and subroutines, applying 
filters to discard low-quality data. The Thermodynamic 
Equation of Seawater-2010 (TEOS-10) algorithms were 
used to obtain the conservative temperature (Θ, °C), 
absolute salinity (SA, g kg-1), and density (kg m-3) (IOC et 
al. 2010). These data were used to construct Temperature-
Salinity diagrams to analyze the proportion of sea water 
masses, analyze the horizontal distribution of hydrographic 
parameters, determine the depth of the thermocline, which 
was obtained according to the depth of the maximum 
vertical temperature gradient (δT/δz), and finally calculate 
the geostrophic velocities following the standard protocols 
described in Pond & Pickard (1995).

A Wilcoxon signed-rank test was conducted to 
determine whether the differences in biomass between 
the two contrasting seasons were statistically significant. 
This test does not assume a normal distribution and is 
suitable for paired measures where the same subjects 
are assessed under two different conditions (Legendre & 
Legendre 2012). 
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Figure 2. Conservative temperature (°C) and absolute salinity 
(g kg-1) diagram of the Bay of La Paz in winter (blue points) and 
summer (red points). PIW: Pacific Intermediate Water, StSsW: 
Subtropical Subsurface Water, TSW: Tropical Surface Water, 
and GCW: Gulf of California Water / Diagrama de temperatura 
conservativa (ºC) y salinidad absoluta (g kg-1) de la Bahía de La 
Paz en invierno (puntos azules) y verano (puntos rojos). PIW: Agua 
Intermedia del Pacífico, StSsW: Agua Subtropical Subsuperficial, 
TSW: Agua Tropical Superficial y GCW: Agua del Golfo de California

Results

Hydrographic structure
During winter, the T-S diagram showed the presence of 
three water masses, PIW, StSsW, and GCW, and during the 
summer were detected four water masses, GCW, StSsW, 
PIW, and TSW (Fig. 2). TSW was absent during the winter 
(Fig. 2). The thermocline depth obtained was different for 
each season. It was observed at a 50 m depth during winter, 
while during summer, it was observed at a 30 m depth.

The horizontal distribution of the conservative 
temperature (at 50 m depth) in winter showed a cold-
core that decreased from 17.7 °C at its periphery, to 16.5 
°C at the center (Fig. 3a). The winter horizontal density 
distribution showed a core with higher density values, 
which reached 25.7 kg m-3 at the center (Fig. 3a). The 
horizontal distribution of the conservative temperature (at 
30 m depth) in summer, also showed the presence of a cold-
core that decreases from 24 °C at its periphery, reaching 
22 °C at its center (Fig. 3c). The density distribution 
showed a core with density values from 23.7 kg m-3 at 

Figure 3. Horizontal distribution at the thermocline depth of 
hydrographic parameters in the Bay of La Paz. A) Conservative 
temperature (°C) for winter, B) density (σt, kg m-3) for winter, 
C) conservative temperature (°C) for summer, D) density (σt, 
kg m-3) for summer / Distribución horizontal en la profundidad de 
la termoclina de los parámetros hidrográficos en Bahía La Paz. A) 
Temperatura conservativa (ºC) para el invierno, B) densidad (σt, kg 
m-3) para el invierno, C) temperatura conservativa (ºC) para el verano 
D) densidad (σt, kg m-3) para el verano

its periphery and higher values at its center, with 24.2 kg 
m-3 (Fig. 3d). The cold and dense cores were observed in 
the central portion of the bay, in Alfonso Basin region, 
during the two contrasting seasons (Fig. 3a-d). The cold 
and dense cores shown in Figure 3 evidenced the presence 
of a cyclonic eddy confirmed with geostrophic velocity 
calculations (Fig. 4a, b). In both seasons, a well-defined 
counterclockwise circulation pattern with different 
diameters and velocities was observed (Fig. 4a, b). The 
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diameter of the eddy in winter was about 30 km, and a 
mean velocity of 20 cm s-1 at its periphery (Fig. 4a). The 
diameter of the eddy during summer was similar to that 
observed during winter. Still, in this case, the geostrophic 
velocity was considerably higher, reaching values of 75 
cm s-1 (Fig. 4b). In both seasons, intense currents were 
observed from the Gulf of California towards the interior 
of the bay through Boca Grande region, as well as outflow 
currents heading north through San José Island region (Fig. 
4b). Intense north-south direction currents were observed 
flowing near the coast (Fig. 4a, b).

Zooplankton biomass 
The zooplankton biomass recorder in both seasons 
showed small differences in terms of its magnitude and 
its horizontal distribution throughout the study area.

Zooplankton biomass ranged between 10.6 and 43.4 
g 100 m-3 in winter, showing changes in its horizontal 
distribution with the highest values in the stations near 
the coast and high secondary values in connection with 
the adjacent gulf, and a circular area described by the 
circumference of the cyclonic circulation observed (Fig. 
5a).

Figure 4. Geostrophic velocity calculated (cm s-1) at the 
depth of the thermocline in the Bay of La Paz during 
winter (a) and summer (b) / Velocidad geostrófica 
calculada (cm s-1) en la profundidad de la termoclina en la 
Bahía de La Paz durante invierno (a) y verano (b)

Figure 5. Horizontal distribution of wet zooplankton biomass (g 100 m-3) in the Bay of La Paz in winter (a) and summer (b) / Distribución 
horizontal de la biomasa húmeda del zooplancton (g 100 m-3) en la Bahía de La Paz en invierno (a) y verano (b)
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Zooplankton biomass during the summer was slightly 
higher than those calculated in winter, ranging between 
13.2 and 45.4 g 100 m-3, showing two areas with higher 
values: one located at the bathymetric sill situated at the 
connection between the bay and the gulf, and another 
area of high values that described the circumference of 
the eddy, on its periphery, similar to that observed in the 
winter season (Fig. 5b).

The Wilcoxon’s sign-ranked tests showed that biomass 
significantly differed between the two contrasting seasons 
(W= 167, P < 0.05).

Discussion

The use of high-resolution hydrographic data allowed us 
to determine the water column’s thermohaline structure 
and confirm the presence of well-defined cyclonic eddies, 
agreeing with previous reports on the circulation pattern 
in the Bay of La Paz.

The water masses showed a higher proportion of 
TSW and StSsW during the summer, associated with 
the seasonal warming processes of the sea surface layer 
that occur during summer, enhanced by a southeast wind 
that induces the StSsW to have a greater incursion into 
the Gulf of California and, therefore, into the Bay of 
La Paz. These observations agree with previous reports 
(e.g., Coria-Monter et al. 2019b, Durán-Campos et al. 
2020, Rocha-Díaz et al. 2021) showing the wide seasonal 
variability to which the region is subject.

A growing body of scientific evidence suggests that 
zooplankton biomass is strongly related to the physical 
environment and the presence of several hydrodynamic 
processes at different spatial and temporal scales (Steinberg 
& Landry 2017, Drago et al. 2022). Cyclonic eddies 
perturb the thermocline/pycnocline and induce changes 
in the vertical temperature distribution (McGillicuddy 
2016, Sánchez-Mejía et al. 2020). Cyclone eddies lead to 
changes in zooplankton populations. This study confirmed 
that a quasi-permanent and well-defined cyclonic eddy 
located in the central portion of the bay altered the 
hydrographic structure. It generated cold and dense cores 
during both winter and summer, consistent with previous 
observations (Coria-Monter et al. 2017, Sánchez-Mejía 
et al. 2020). However, clear differences were observed 
regarding the seasonal azimuthal velocity. In winter, the 
mean velocity was 20 cm s-1, while in summer, it increased 
to approximately 75 cm s-1, which is roughly four times 
faster. This pattern can be attributed to the upper layer 
having higher internal energy during summer, resulting 
in a greater rotational speed in the circulation pattern. 
Another possible reason to explain the differences found 
in the azimuthal velocity of both seasons could be the 
maturation age. Previous studies on the temporal evolution 
of the cyclonic eddy inside the Bay of La Paz suggest 

an intensification stage that starts from spring, reaches 
maturity in early summer, decays in late autumn, and starts 
the cycle again towards the end of winter (Coria-Monter 
et al. 2014). This temporal changing pattern explains that 
the eddy’s highest azimuthal speeds occurred in summer, 
corresponding to a mature eddy stage. 

Evidence has emerged since the late 1980s about the 
influence of cyclonic eddies on zooplankton biomass in 
different regions of the world (Backus et al. 1981). In the 
Mediterranean Sea, cyclonic eddies have been documented 
to represent one of the main mechanisms promoting high 
zooplankton biomass values, particularly during summer 
(Belkin et al. 2022). In the China Sea, the presence of 
cyclonic (cold core) eddies has been related to increases 
in zooplankton biomass, which contributes significantly 
to the energy transfer chain from primary producers to 
higher trophic levels of the food web in the region (Chen 
et al. 2020). 

Biggs et al. (1988) observed that a cyclonic eddy in the 
Gulf of Mexico induced the upwelling of nutrient-rich cold 
waters to the euphotic zone, benefiting phytoplankton and 
then induced high levels of zooplankton biomass. Later, 
Biggs et al. (1997) confirmed the role of cyclonic eddies 
on zooplankton biomass in the Gulf of Mexico by retaining 
and transporting zooplankton in the eddy’s influence and 
then moving them to the periphery, as was observed in 
the present study. 

Recent evidence in the Bay of La Paz suggests that 
the presence of eddies (mainly cyclonic) can act as 
independent habitats for zooplankton populations in 
the region, as suitable conditions are present within the 
physical structure (in terms of temperature) to benefit 
the metabolism of some zooplankton taxonomic groups 
(Durán-Campos et al. 2019). The results presented here 
indicate that the zooplankton biomass was associated 
with the cyclonic eddy in both seasons, with moderately 
high values following their circumference, considering 
that eddies retain the organisms and move them towards 
the periphery. Another possible explanation for this 
distribution of zooplankton is the predominance of 
diatoms at the periphery of the cyclonic eddy in La Paz 
Bay (Coria-Monter et al. 2014). Phytoplankton is the 
food for herbivorous, omnivorous, and filter-feeding 
zooplankton, such as copepods, which are known to be the 
most abundant taxonomic group in the bay, contributing 
the largest proportion of zooplankton assemblage biomass 
(Rocha-Díaz et al. 2021).

In conclusion, the horizontal distribution patterns 
of zooplankton biomass were consistent, showing the 
highest densities in the periphery of the cyclonic eddy 
in both winter and summer. Notably, the biomass values 
were somewhat lower in winter compared to summer. 
The summer months exhibited the peak zooplankton 
biomass, likely due to the mature stage of the cyclonic 
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eddy during this time of year. Furthermore, the elevated 
biomass observed in Boca Grande region during summer 
can be directly linked to the strong currents entering the 
bay, which create drag against the area’s bathymetric sill. 
This drag induces a resuspension of nutrients that benefits 
phytoplankton and consequently enhances zooplankton 
biomass.

Although considerable efforts have been invested in 
recent years in unraveling the mechanisms and physical 
processes that influence the planktonic ecosystem inside 
the Bay of La Paz, a complete characterization is still 
far from being completed, Therefore, it is necessary 
to continue focusing efforts on long-term monitoring 
programs that analyze both seasonal and interannual 
variability, taking into account that the geographical 
position of La Paz Bay means that the processes that 
occur in the Pacific Ocean are manifested within it. For 
example, ENSO events, and marine heat waves that impact 
phytoplankton and zooplankton but are not yet completely 
well known.
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