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Abstract. Introduction: The effects of seasonal upwelling on the conditions of the water column and mesozoo-
plankton communities are poorly understood in the coastal zones of the Eastern Tropical Pacific (ETP), despite 
the important role of upwelling events in the modulation of productivity in these zones. Objective: To evaluate 
the influence of seasonal upwelling over the Panama Bight on the structure of the water column and mesozoo-
plankton communities in a tropical cove of the ETP. Methods: Hydrographic data and mesozooplankton sam-
ples were collected during four field campaigns in Ensenada de Utría (December 2011, February 2012, October 
2013, and February 2013), an estuary located in the Northern Pacific coast of Colombia. Non-parametric and 
multivariate analyses were used to evaluate seasonal differences in the environmental and biotic variables. 
Results: Surface waters were warm (> 25 °C) and presented low salinities (< 30) throughout the study period. In 
contrast, subsurface waters were colder (< 20 °C), saltier (> 33), and presented low dissolved oxygen concentra-
tions (< 2.0 ml l-1) during the dry season (January - March), whereas the water column was homogeneous during 
the rainy season (April - December). Despite the seasonal changes in the environmental conditions, the expected 
enhancement in the productivity of the system during the dry season (i.e., higher biomass and abundance of the 
mesozooplankton) only occurred in February 2012. Contrary to expectations, ichthyoplankton abundance was 
higher during the rainy season, when the assemblage was dominated by the larvae of anchovy (Cetengraulis 
mysticetus) and an unidentified Gobiidae. Conclusions: The entrance of upwelled waters into Ensenada de 
Utría is an important factor modulating the seasonal changes observed in the water column. However, there is 
high interannual variability in the response of mesozooplankton communities to the upwelling events. Because 
upwelled waters are oxygen-depleted and more acidic, the entrance of upwelled waters into Ensenada de Utría 
could be causing physiological stress to the benthic and pelagic organisms inhabiting the deepest zones of the 
cove. This condition may worsen in the future given the predicted increase of deoxygenation and ocean acidi-
fication due to climate change.
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Seasonality driven by upwelling is known 
to play a major role in changing the hydrog-
raphy and plankton community structure in 
coastal and oceanic environments (Fiedler & 
Talley, 2006). In the Eastern Tropical Pacific 

(ETP), seasonal upwelling occurs in the gulfs 
of Tehuantepec (Mexico), Papagayo (Costa 
Rica), and Panama (Panama) modulated by 
the annual displacement of the Intertropical 
Convergence Zone (ITCZ) (Amador, Alfaro, 
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Lizano, & Magaña, 2006). During the dry sea-
son (January - March), the ITCZ reaches its 
southernmost position in March (~ 1 °N) 
allowing passage of trans-isthmic wind jets that 
blow offshore (Amador et al., 2006). The jets 
produce mixing and upwelling (cyclonic gyre) 
over the shelf and oceanic waters of the gulfs, 
where colder and saltier subsurface waters are 
transported into the upper water column. This 
decreases surface temperature and dissolved 
oxygen concentrations and increases salinity 
and nutrients at upwelling sites, resulting in 
enhanced plankton abundance and biomass 
(Fernández-Álamo & Färber-Lorda, 2006; Pen-
nington et al., 2006; Willet, Leben, & Lavín, 
2006). In contrast, over the course of the 
rainy season (April - December) the ITCZ 
reaches its northernmost position (~ 10 °N), 
typically in September. During this season, the 
wind jets are no longer observed, precipitation 
increases, and the waters of the gulfs become 
warmer, fresher, and less productive (Amador 
et al., 2006; Fernández-Álamo & Färber-Lorda, 
2006; Pennington et al., 2006).

Despite the effects of seasonal changes 
in the hydrography on the regional dynam-
ics of plankton communities and fisheries, 
the responses of plankton communities to 
seasonality in the three gulfs have only been 
characterized in a few studies (Legeckis, 
1988; Fernández-Álamo, Sanvicente-Añorve, 
& Alameda-De-La-Mora, 2000; Müller-Karg-
er & Fuentes-Yaco, 2000; Rodríguez-Rubio 
& Stuardo, 2002; Färber-Lorda, Lavín, & 
Guerrero-Ruiz, 2004; D’Croz & O’Dea, 2007). 
In coastal environments, seasonality of the 
hydrography and plankton communities have 
been mostly described in Bahía Culebra in 
the Gulf of Papagayo (Bednarski & Morales-
Ramírez, 2004; Rixen, Jiménez, & Cortés, 
2012; Rodríguez-Sáenz & Morales-Ramírez, 
2012) and inside the Gulf of Panama (Smayda, 
1966; Forsbergh, 1969; D’Croz, Del Rosario, 
& Gómez, 1991; D’Croz & Robertson, 1997; 
Miglietta, Rossi, & Collin, 2008). However, 
upwelled waters in the Gulf of Panama influ-
ence the entire Panama Bight, an area that 
includes coastal and oceanic waters of Ecuador, 

Colombia, and Panama. Knowledge about the 
seasonal changes in hydrography and their 
effects on plankton communities is particu-
larly scarce in the Northern Pacific coast of 
Colombia. In this region, a stronger influence 
of upwelled waters on estuarine environments 
is expected due to the narrow continental shelf 
(~ 15 km), the influence of the northward 
Colombia Current (>100 km wide) during the 
dry season, and the potential effect of cyclical 
tidal currents (Cantera, 1993).

The Northern Pacific coast of Colombia 
is recognized for its high biodiversity, and 
fisheries repopulation and conservation efforts 
have been implemented in the protected area 
of Ensenada de Utría (UAESPNN, 2007). To 
date, only several studies have evaluated the 
diversity of specific mesozooplankton groups 
in the region, including the work on hyperiid 
amphipods (Valencia & Giraldo, 2009) and 
copepods in Bahía Cupica (Jerez-Guerrero, 
Criales-Hernández, & Giraldo, 2017), further 
north of Ensenada de Utría. It is important to 
further describe these communities because 
mesozooplankton play a key role in pelagic 
food webs, linking unicellular organisms and 
higher trophic levels (Fernández-Álamo & 
Färber-Lorda, 2006). Additionally, it is cru-
cial to understand the seasonal changes in 
the physical-chemical conditions of the water 
column, as these could affect the physiol-
ogy, ecology, and productivity of planktonic, 
nektonic, and benthonic organisms inhabiting 
Ensenada de Utría.

In this study, we evaluate the effects that 
the seasonal upwelled waters over the Panama 
Bight have on Ensenada de Utría by address-
ing the following questions: (1) Do the sea-
sonal upwelled waters over the Panama Bight 
influence the hydrographic structure of the 
water column in Ensenada de Utría? (2) Does 
mesozooplankton abundance and biomass in 
Ensenada de Utría increase during the dry sea-
son as occurs in the shelf and oceanic waters 
of the Panama Bight? (3) Does ichthyoplank-
ton abundance in Ensenada de Utría increase 
during the dry season as a response to the 
productivity enhancement in the system? (4) 
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Does mesozooplankton and ichthyoplankton 
community structure in Ensenada de Utría 
change between seasons? We hypothesize that 
the seasonal changes in the hydrography and 
mesozooplankton communities that occur in 
the Panama Bight between the dry (influ-
enced strongly by upwelling) and rainy sea-
sons (influenced strongly by coastal runoff) 
also affect the pelagic coastal ecosystem of 
Ensenada de Utría. Specifically, we expect that 
during the dry season, subsurface waters inside 
the cove become colder, saltier, and oxygen 
depleted, resulting in an increase in mesozoo-
plankton abundance and biomass.

MATERIALS AND METHODS

Study site: Ensenada de Utría (06°04’ N 
& 77°23’ W) is a remote and shallow cove 
belonging to the National Natural Park Utría, 
Northern Pacific coast of Colombia, that has 
highly valued ecosystems such as rocky and 
sandy shores, mangrove forests, and coral reefs 
(UAESPNN, 2007) (Fig. 1). The weather is 
characterized by warm atmospheric tempera-
tures (annual mean: 26.2 °C), high humidity 
(~ 90 %), and high precipitation levels with 
an annual mean of 6 508 mm (range: 94.5 
mm in March - 1 162 mm October) (Eslava, 
1993; Rangel & Arellano, 2004). The cove has 
an extension of 6 km and a width of 800 m 
(middle zone), and is surrounded by mountains 
of small elevation with numerous creeks dis-
charging into it (UAESPNN, 1998). Tides are 
semidiurnal with 5-6 m amplitude, and there is 
a permanent entrance of coastal waters in the 
southern side of the cove. 

Sampling and processing: Four field 
campaigns were carried out to characterize the 
seasonality of the hydrographic structure of 
the water column and mesozooplankton com-
munities at Ensenada de Utría, two during the 
dry season (February 2012, February 2013) 
and two during the rainy season (December 
2011, October 2013). Oceanographic sampling 
took place at nine stations along the cove 
(depth range: 1.2 - 66.5 m), covering the inner 

(stations 1-3), middle (stations 4-6), and outer 
zones (stations 7-9; Fig. 1). At each sampling 
station, temperature and salinity were recorded 
with a CTD Seabird-19 until 60 m (or close 
to the bottom), except during February 2012, 
when due to logistical constrains, the vertical 
profiles were obtained only at one station of 
each zone (stations 3, 5, and 8) using a YSI85 
from water collected every 2 m with a 5 L 
Niskin bottle. Dissolved oxygen concentration 
was recorded at discrete depths (1, 10, and 30 
m) with a YSI85 from water collected with the 
Niskin bottle. Transparency of the water col-
umn was recorded using a Secchi disk (20 cm 
diameter). In addition to the sampling along the 
cove, in each field campaign, the hydrographic 
structure of the water column was character-
ized at a fixed point in the middle zone of the 
cove during a tidal cycle (depth range: 24.7 
- 31.7 m, Fig. 1), where temperature, salin-
ity, and dissolved oxygen concentration were 
recorded every hour during 12 hours. 

Fig. 1. Map showing the sampling stations along Ensenada 
de Utría in the Northern Pacific coast of Colombia. The 
station where environmental data were collected hourly 
during a 12 h period is indicated with a black star. The 20 
m isobath is highlighted. The location of the coral reef is 
indicated in black in the middle zone of the cove.
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To characterize the mesozooplankton com-
munities, samples were collected by horizontal 
tows using a Bongo net (0.3 m diameter, 300 
µm mesh size) equipped with a General Ocean-
ics flowmeter to quantify the volume of water 
filtered. Due to logistical constraints during 
December 2011, samples were collected with 
a conical net (0.3 m diameter, 300 µm mesh 
size), and in this case, two consecutive tows 
were performed at each station. Mesozooplank-
ton samples were preserved in 5 % buffered 
formalin. Once in the laboratory, dry weight 
biomass (60 °C, 24 h) was estimated using 
an analytical balance (Radwag AS 220/C/2, ± 
0.0001 g) from the samples collected in one 
of the cod ends. Major groups were quantified 
from the whole sample or subsamples splits of 
the second cod end (1/2 -1/8) and were identi-
fied using the taxonomic keys of Boltovskoy 
(1999) and Gasca & Suárez-Morales (1996). In 
addition, during December 2011 and February 
2012, fish larvae were sorted from the whole 
samples and identified to the lowest taxonomic 
level possible based on the keys of Beltrán-
León and Ríos (2000), and Moser (1996). 
Mesozooplankton biomass and abundance, as 
well as fish larvae abundance were standard-
ized per cubic meter using the estimated vol-
ume of water filtered, and are presented as mg 
m-3, ind m-3, and ind 1 000 m-3, respectively.

Data analyses: Variability of the envi-
ronmental conditions between field campaigns 
(temperature, salinity, dissolved oxygen con-
centration, and Secchi depth) was evaluated 
at 1 m (n = 9 stations), 10 m (n = 7 stations), 
and 30 m (n = 3 stations) using the non-para-
metric Kruskal-Wallis test. Likewise, Kruskal-
Wallis test was used to evaluate differences 
in mesozooplankton abundance and biomass 
between field campaigns. A multiple pairwise-
comparison test was applied when differences 
were significant (P < 0.05). In the case of ich-
thyoplankton abundance, the non-parametric 
Wilcoxon test was used to evaluate differences 
between field campaigns (December 2011 and 
February 2012). Differences in composition 
and abundance (square-root transformed) of the 

major mesozooplankton groups between field 
campaigns were evaluated using non-metric 
multidimensional scaling (nMDS) based on the 
Bray-Curtis similarity index. Only the groups 
that presented a relative abundance > 1 % in 
any of the field campaigns were considered for 
the analysis (Appendicularia, Bivalvia, Bra-
chiopoda, Chaetognatha, Copepoda, Decapoda, 
Gastropoda, and Ostracoda). A Spearman corre-
lation with a Bonferroni correction was used to 
evaluate which environmental variables could 
be influencing variability of mesozooplankton 
communities between field campaigns. Non-
parametric analyses were used because the 
assumptions of normality and homogeneity of 
variances were not met, even after data were 
logarithmically transformed by log10(x). Data 
analyses were performed in R (R Core Team, 
2017). Unless otherwise noted, results will be 
presented as mean and standard deviation (SD).

In addition, to characterize the hydro-
graphic structure of the water column, the 
stratification index (dρ/dz) was calculated for 
each field campaign as the density difference 
(ρ2 - ρ1) normalized to the depth difference 
(z2 - z1). The index was calculated only for the 
three stations that were deeper than 30 m (see 
Fig. 1) using the mean density from 1-5 m (ρ1) 
and from 31-35 m (ρ2). The TEOS-10 Manual 
was considered to calculate in situ density from 
absolute salinity and conservative temperature 
implementing the TEOS-10 Matlab routine 
(IOC, SCOR, & IAPSO, 2010).

RESULTS

Environmental conditions: Surface 
waters at Ensenada de Utría were warm 
(> 25 °C) and presented low salinities through-
out the study period, in particular during the 
rainy season (< 25), as is typical of waters in 
the ETP (Table 1). A clear seasonal pattern 
was not evident for temperature and dissolved 
oxygen concentration at 1 m and 10 m (Table 
1); measurements were significantly different 
between field campaigns. Temperatures at 1 m 
were significantly lower in December 2011 
(25.8 ± 0.2 °C, mean ± SD) and significantly 
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higher in October 2013 (28.0 ± 0.3 °C). Both of 
these field campaigns correspond to the rainy 
season, indicating that there was high interan-
nual variability of the surface temperatures 
within the cove (Kruskal-Wallis = 27.2, P < 
0.0001). In contrast, salinities at 1 m showed 
the expected seasonal pattern with significantly 
higher values in February 2012 and February 
2013 (dry season) than in December 2011 and 
October 2013 (rainy season) (Kruskal-Wallis = 
28.8, P < 0.0001). 

At stations deeper than 20 m, differences 
between field campaigns in temperature (Krus-
kal-Wallis = 9.6, P > 0.05), salinity (Kruskal-
Wallis = 10.9, P > 0.05), and dissolved oxygen 
concentration (Kruskal-Wallis = 9.4, P > 0.05) 
were not significant. However, the signal of 
upwelled waters was evident at the mouth of 
the cove (depths > 20 m) in February 2012 
and February 2013 (dry season), when dis-
solved oxygen concentration and temperature 
decreased up to 0.9 ml l-1 and almost 10 °C, 
and salinity increased (Table 1, Fig. 2). In 
contrast, in December 2011 and October 2013 

(rainy season), vertical profiles of temperature 
and dissolved oxygen concentration until 30 m 
were relatively homogeneous (Fig. 2), although 
the vertical distribution of salinity was more 
variable due to the higher precipitation levels 
(December 2011: 361 ± 676 mm day-1; Febru-
ary 2012: 47 ± 121 mm day-1, measured in situ 
using a portable pluviometer). As a result of the 
changes observed in the subsurface waters (dry 
season: colder and saltier, rainy season: warmer 
and fresher), the water column was more 
stratified in February 2012 (stratification index: 
0.24) and February 2013 (0.25) during the dry 
season than in December 2011 (0.15) and Octo-
ber 2013 (0.19) during the rainy season. 

Despite the differences in precipitation and 
the structure of the water column between sea-
sons, the depth of the Secchi disk, a measure of 
the transparency of the water column, did not 
show a clear seasonal pattern (Kruskal-Wallis 
= 7.3, P > 0.05). Instead, the Secchi depth 
presented high variability within each field 
campaign (Fig. 3).

TABLE 1
Environmental conditions at Ensenada de Utría, Northern Colombian Pacific, during the rainy 

(R: December 2011, October 2013) and dry seasons (D: February 2012, February 2013)

Temperature 1 m (°C) Temperature 10 m (°C) Temperature 30 m (°C)
Mean ± sd Range Mean ± sd Range Mean ± sd Range

Dec.2011 (R) 25.8 ± 0.2 25.5 - 26.0 26.2 ± 0.1 26.0 - 26.3 26.0 ± 0.1 26.0 - 26.1
Feb.2012 (D) 27.7 ± 0.2 27.5 - 27.9 25.2 ± 0.6 24.8 - 26.4 16.5 ± 0.3 16.2 - 16.8
Feb.2013 (D) 27.4 ± 0.2 27.2 - 27.6 26.6 ± 0.5 25.9 - 27.1 16.0 ± 0.6 15.5 - 16.7
Oct.2013 (R) 28.0 ± 0.3 27.5 - 28.3 27.8 ± 0.1 27.7 - 28.0 26.5 ± 0.4 26.3 - 26.8

Salinity 1 m Salinity 10 m Salinity 30 m
Mean ± sd Range Mean ± sd Range Mean ± sd Range

Dec.2011 (R) 22.5 ± 2.0 18.3 - 24.5 25.2 ± 0.1 24.9 - 25.4 30.3 ± 0.3 29.9 - 30.5
Feb.2012 (D) 29.4 ± 0.2 29.0 - 29.6 31.2 ± 0.5 30.4 - 31.7 34.7 ± 0.2 34.5 - 34.9
Feb.2013 (D) 27.7 ± 0.7 26.1 - 28.3 29.0 ± 0.3 28.6 - 29.6 34.0 ± 0.2 33.9 - 34.2
Oct.2013 (R) 23.9 ± 0.6 22.9 - 24.5 28.4 ± 0.3 27.9 - 28.7 30.6 ± 0.2 30.4 - 30.7

Dissolved oxygen 1 m (ml l-1) Dissolved oxygen 10 m (ml l-1) Dissolved oxygen 30 m (ml l-1)
Mean ± sd Range Mean ± sd Range Mean ± sd Range

Dec.2011 (R) 5.0 ± 0.2 4.8 - 5.4 5.0 ± 0.2 4.7 - 5.3 4.2 ± 0.2 4.1 - 4.4
Feb.2012 (D) 4.9 ± 0.2 4.4 - 5.2 4.6 ± 0.2 4.3 - 5.0 1.0 ± 0.1 0.9 - 1.0
Feb.2013 (D) 4.1 ± 0.3 3.6 - 4.3 4.2 ± 0.0 4.1 - 4.3 1.9 ± 0.7 0.9 - 2.3
Oct.2013 (R) 4.7 ± 0.1 4.4 - 4.8 4.6 ± 0.1 4.5 - 4.6 4.3 ± 0.1 4.2 - 4.3

sd = standard deviation.
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The vertical profiles of temperature, salin-
ity, and dissolved oxygen concentration taken 
hourly during a 12 h period in the middle 
zone of the cove indicate that environmental 
conditions tended to be more homogeneous 
throughout the tidal cycle during the rainy 
season (Fig. 4 and Fig. 5). The homogeneity 
in the profiles suggests that despite the strong 
amplitude of the tides (c.a. 5-6 m), the waters 

entering the cove had similar characteristics to 
the waters within the cove due to the deeper 
thermocline during this season (Fig. 4). During 
the dry season, the entrance of waters into the 
cove during the rising tide had a stronger effect 
on the structure of the water column (Fig. 4 and 
Fig. 5). Waters that entered the cove deepened 
the isolines during a period of about two hours, 
suggesting that circulation occurs with waters 
entering in the surface layers and leaving in the 
subsurface layers. This circulation pattern was 
confirmed during a preliminary survey when 
aluminum drifters at 1 and 10 m were followed 
in each field campaign during a tidal cycle 
(data not shown). It is important to note that 
during the dry season, our results suggest that 
benthic organisms inhabiting the middle and 
outer zones of the cove were exposed to waters 
with temperatures ≤ 20 °C, salinities ≥ 33, and 
low dissolved oxygen concentrations (< 2.0 ml 
l-1; Fig. 4 and Fig. 5).

Mesozooplankton communities: Meso-
zooplankton biomass (Kruskal-Wallis = 20.4, 
P < 0.001) and abundance (Kruskal-Wallis = 
19.7, P < 0.001) did not present a clear seasonal 
pattern, although both were significantly higher 
in February 2012 (dry season) than during the 

Fig. 2. Vertical profiles of temperature (A.), salinity (B.), and dissolved oxygen concentration (C.) in Ensenada de Utría, 
Northern Colombian Pacific, during the rainy (December 2011, October 2013) and dry seasons (February 2012, February 
2013). Mean ± standard deviation.

Fig. 3. Secchi depth in Ensenada de Utría, Northern 
Colombian Pacific, during the rainy (December 2011, 
October 2013) and dry seasons (February 2012, February 
2013). Boxes and whiskers correspond to 25-75th and 
5-95th percentiles, respectively. The horizontal line 
represents the median and the dots are outliers.
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Fig. 4. Temperature and salinity contours in Ensenada de Utría during a 12 h period during the rainy (December 2011, 
October 2013) and dry seasons (February 2012, February 2013). Temperature (°C): A. December 2011, B. February 
2012, C. February 2013, and D. October 2013. Salinity: E. December 2011, F. February 2012, G. February 2013, and H. 
October 2013. Data were collected every hour in the middle zone of the cove from 07:00 to 18:00 (see Fig. 1). Waters with 
temperatures lower than 20 °C and salinities higher than 33 are highlighted in gray. Black indicates data unavailable in 
February 2012. Arrows indicate the time of the maximum (up) or minimum (down) tides according to the tide charts (http://
www.ideam.gov.co).

Fig. 5. Dissolved oxygen contours in Ensenada de Utría during a 12 h period during A. December 2011 (rainy season), B. 
February 2012 (dry season), C. February 2013 (dry season), and D. October 2013 (rainy season). Data were collected every 
hour in the middle zone of the cove from 07:00 to 18:00 at three discrete depths: 1 m, 10 m, and 30 m. Arrows indicate the 
time of the maximum (up) or minimum (down) tides according to the tide charts (http://www.ideam.gov.co).
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field campaigns of the rainy season (December 
2011 and October 2013, Fig. 6). Contrary to 
expectations, median mesozooplankton bio-
mass and abundance during February 2013 
(dry season) were as low as the values regis-
tered during December 2011 and October 2013 
(rainy season; P > 0.05, Fig. 6). Mesozoo-
plankton communities were characterized by 
a high dominance of meroplanktonic larvae, in 
particular of gastropods during December 2011 
at the inner zone, during February 2012 at the 
inner and middle zones, and during February 
2013 at the three zones (Fig. 7). In contrast, 
crustaceans, mainly copepods and ostracods, 
dominated the communities during December 
2011 at the middle and outer zones, and in 
October 2013 at the three zones (Fig. 7). 

The result of the nMDS suggests that four 
groups with similar composition and abun-
dance of the major mesozooplankton groups 
could be identified (Fig. 8). One group was 
formed by stations of the rainy season (Decem-
ber 2011: five stations, October 2013: five sta-
tions), mainly from the middle and outer zones 
of the cove. A second group contained mainly 
stations from February 2012 (seven stations). 
The other two groups were formed by a com-
bination of stations independent of the season. 
In this case, one group contained stations from 
the inner zone of the cove (December 2011: 
two stations, February 2012: two stations), as 
well as stations from different zones of the 
cove in February 2013 (five stations). The last 
group contained stations from the three zones 

of the cove of February 2013 (four stations) 
and October 2013 (four stations). 

In contrast to mesozooplankton biomass 
and total abundance, ichthyoplankton abun-
dance was significantly higher in December 
2011 (rainy season) than in February 2012 (dry 
season) (Wilcoxon = 5, P = 0.003; Fig. 9). The 
assemblages were dominated by Gobiidae sp.2 
(45 %) and Cetengraulis mysticetus (39 %) in 
December 2011, and by Labrisomus sp. (63 
%) in February 2012 (Table 2, Fig. 9). These 
species dominated at the three zones along 
the cove (Fig. 9). Twenty-one morphotypes of 
ichthyoplankton were identified considering 
both field campaigns (Table 2). Although fish 
larvae of the family Gobiidae were abundant, 
in particular in December 2011 (Table 2, Fig. 
9), most individuals collected were in preflex-
ion. Unfortunately, knowledge of the early 
life stages of this family is still limited in the 
region, making their identification difficult 
until a lower taxonomic level. 

Mesozooplankton and environmental 
conditions: Variability of mesozooplankton 
biomass between field campaigns was inverse-
ly associated with temperature at 10 m (Spear-
man’s r = -0.72, P < 0.0001), and positively 
associated with salinity at 1 m (Spearman’s 
r = 0.62, P < 0.0001) and 10 m (Spearman’s 
r = 0.61, P = 0.01), increasing significant-
ly as temperature decreased and as salinity 
increased. A similar result was found for meso-
zooplankton abundance (Table 3). Variability 

Fig. 6. Mesozooplankton biomass and abundance at Ensenada de Utría, Northern Colombian Pacific, during the rainy 
(December 2011, October 2013) and dry seasons (February 2012, February 2013). Boxes and whiskers correspond to 
25-75th and 5-95th percentiles, respectively. The horizontal line represents the median and the dots represent outliers.
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Fig. 7. Mesozooplankton major groups at the inner, middle, and outer zones of Ensenada de Utría, Northern Colombian 
Pacific during (A.) December 2011 (rainy season), (B.) February 2012 (dry season), (C.) February 2013 (dry season), and 
(D.) October 2013 (rainy season). Note the different scale on the y-axis.

Fig. 8. Mesozooplankton community structure evaluated using non-metric multidimensional scaling (nMDS) in Ensenada 
de Utría, Northern Pacific coast of Colombia. The symbols indicate if the samples were collected during the rainy season 
(squares: December 2011 and October 2013) or the dry season (circles: February 2012 and February 2013). Stations are 
indicated inside the symbols.
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of ichthyoplankton abundance between field 
campaigns was inversely associated with tem-
perature at 1 m (Spearman’s r = -0.75, P = 
0.01; Table 3). Variability of mesozooplankton 
communities was not associated with changes 
in dissolved oxygen concentration neither at 1 
m or 10 m (P > 0.05; Table 3). 

DISCUSSION

Seasonal changes in the hydrographic 
structure of the water column and mesozoo-
plankton communities at Ensenada de Utría, a 
tropical cove in the Northern Pacific coast of 
Colombia, were influenced by upwelled waters 
over the Panama Bight during the dry season 
(January - March), and by coastal processes 

such as raining and runoff during the rainy sea-
son (April - December). Surface waters in the 
cove varied due to the seasonal changes in the 
weather, and presented warm temperatures and 
low salinities throughout the year, as it is typi-
cal in the Panama Bight where the highest pre-
cipitation levels occur (Fiedler & Talley, 2006). 
During the rainy season, the high cloud cover, 
high precipitation levels, and the discharge of 
numerous small creeks into the cove were the 
main factors modulating the temperatures and 
salinities at the surface, reflected in salinities 
lower than 25 and significantly warmer waters 
in October 2013. The low salinities in combi-
nation with the warmer temperatures during 
the rainy season were also reflected in a less 
stratified water column compared to the dry 

Fig. 9. Variability of ichthyoplankton abundance in Ensenada de Utría, Northern Pacific coast of Colombia. A. 
Ichthyoplankton total abundance during the rainy (December 2011) and dry seasons (February 2012). Ichthyoplankton 
species composition at the inner, middle, and outer zones during B. the rainy season (December 2011) and C. the dry season 
(February 2012). Note the different scale on the y-axis.
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season, similar to what has been documented in 
the Northern Pacific coast of Colombia (Jerez-
Guerrero et al., 2017) and in the Gulf of Pana-
ma (Smayda, 1966; Forsbergh, 1969; D’Croz, 
Kwiecinski, Maté, Gómez, & Del Rosario, 

2003). During the dry season, the decrease in 
cloud cover, precipitation, and runoff corre-
sponded with an increase in surface salinities 
within the cove. Seasonal differences in runoff 
were not reflected in differences in Secchi 

TABLE 2 
Relative abundance (%) of ichthyoplankton in Ensenada de Utría, Northern Pacific coast of Colombia, 

during the rainy (December 2011) and dry seasons (February 2012)

Family Species Dec.2011 Feb.2012
Achiridae Achirus sp. 0.3 -
Carangidae Chloroscombrus orqueta 0.3 -

Seriola lalandi 1.1 -
Engraulidae Cetengraulis mysticetus 38.8 7.4
Gerreidae Gerreidae sp. 4.2 2.2
Gobiesocidae Gobiesox sp.1 - 2.0

Gobiesox sp.2 0.4 -
Gobiidae Gobiidae sp.1 - 2.4

Gobiidae sp.2 45.3 -
Gobiidae sp.4 - 5.1
Gobiidae sp.5 - 2.6

Haemulidae Haemulidae sp. - 2.2
Labrisomidae Labrisomus sp. - 63.3
Myctophidae Myctophidae sp 1.4 -
Photichthydae Vinciguerria lucetia 0.4 -
Sciaenidae Menticirrhus sp. 0.4 -

Sciaenidae sp. 1.4 2.6
Scombridae Scomberomorus sp. 0.3 -
Serranidae Diplectrum sp. 0.3 -

Serranus sp. 0.4 -
Synodontidae Synodus sp. - 2.6
Unidentified - 4.9 7.5
Total 100 100

TABLE 3 
Spearman correlation analysis between environmental conditions and mesozooplankton in Ensenada de Utría, 

Northern Colombian Pacific, during December 2011, February 2012, February 2013, and October 2013

Mesozooplankton Ichthyoplankton
Biomass Abundance Abundance

r p-value r p-value r p-value
Temperature (°C)

1 m -0.02 1.00 0.05 1.00 -0.75 0.01
10 m -0.72 < 0.0001 -0.63 0.01 0.53 0.77

Salinity
1 m 0.62 < 0.0001 0.54 0.01 -0.61 0.11
10 m 0.61 0.01 0.55 0.04 -0.65 0.20

Dissolved oxygen (ml/l)
1 m 0.33 0.94 0.39 0.35 0.18 1.00
10 m -0.04 1.00 0.16 1.00 0.56 0.85
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disk readings. This result is consistent with a 
finding by D’Croz and Robertson (1997), who 
attributed the lack of seasonality in transpar-
ency in the Gulf of Panama to both an increase 
in suspended sediments due to higher riverine 
runoff during the rainy season and an increase 
in plankton abundance due to upwelling during 
the dry season. 

Subsurface waters at Ensenada de Utría 
were influenced by the seasonal changes that 
occur over the oceanic and shelf waters of 
the Panama Bight, where wind mixing and 
upwelling modify the water column during 
the dry season (Rodríguez-Rubio & Stuardo, 
2002; Rodríguez-Rubio, Schneider, & Abar-
ca del Río, 2003; Devis-Morales, Schneider, 
Montoya-Sánchez, & Rodríguez-Rubio, 2008). 
These waters are transported northward along 
the Pacific coast of Colombia by the Colom-
bia Current (Devis-Morales et al., 2008), and 
likely influence coastal environments due to 
the narrow continental shelf and the strong 
tidal cycles. In Ensenada de Utría, the signal of 
upwelled waters during the dry season was evi-
dent in the subsurface waters in the middle and 
outer zones of the cove, where temperature and 
dissolved oxygen concentrations decreased, 
and salinity increased. Therefore, subsurface 
waters in the cove followed the expected 
seasonal pattern that has been documented in 
Bahía Culebra in the Gulf of Papagayo, Costa 
Rica (Alfaro et al., 2012), in coastal waters of 
the Gulf of Panama (Smayda, 1966; Forsbergh, 
1969; D’Croz et al., 1991; D’Croz & Robert-
son, 1997; D’Croz et al., 2003), and in Bahía 
Cupica (Jerez-Guerrero et al., 2017) and Isla 
Gorgona in Colombia (Giraldo, Rodríguez-
Rubio, & Zapata, 2008; Valencia & Giraldo, 
2012). However, whereas in Bahía Culebra 
(Rixen et al., 2012) and in Bahía de Panamá 
(Smayda, 1966; D’Croz & Robertson, 1997) 
the signal of upwelled waters can be detected at 
the surface, in Ensenada de Utría surface waters 
remained warm throughout the study period. 

Considering that upwelled waters are cold-
er, saltier, and oxygen-depleted, the duration 
and intensity of the upwelling events during 
the dry season could have a direct impact on 

the physiology of the organisms inhabiting the 
deepest areas of the cove, especially on ses-
sile benthic species. To date, possible impacts 
of the seasonal changes in the water column 
on the biota at Ensenada de Utría have only 
been documented for corals. López-Victoria & 
Zapata (2018) suggested that the 20 % decline 
in the live coral coverage observed among 
2002-2013 may be a response to the decrease 
in temperatures during the upwelling season, 
when temperatures dropped up to 22 °C over 
the reef. In Las Perlas Archipelago (Panama), 
Glynn and Stewart (1973) also suggested that 
thermal stress during upwelling events could 
be the cause of the decrease in the growth 
rate of corals.

Sampling at the fixed station at Ensenada 
de Utría also showed that hypoxic waters are a 
common feature during the dry season, as has 
been documented during upwelling events in 
coastal waters of the Gulf of Panama (Smayda, 
1966; D’Croz et al., 1991; D’Croz & Robert-
son, 1997). Hypoxia affects benthic and pelagic 
food webs by altering community (diversity, 
size, biomass), physiological (growth, repro-
duction), and behavioral processes (prey cap-
ture, predator avoidance; Zhang et al., 2010). 
While organisms vary in their tolerance to 
hypoxia depending on the taxonomic group, 
life stage, and mobility, hypoxia is generally 
evident by increased habitat avoidance and/or 
mortality, affecting the services provided by 
coastal ecosystems (Vaquer-Sunyer & Duarte, 
2008; Zhang et al., 2010). Because the ETP has 
the largest oxygen minimum zone in the world 
(Fiedler & Talley, 2006), and this zone has 
expanded and shoaled due to climate change 
(Stramma, Schmidtko, Levin, & Johnson, 
2010), subsurface waters entering at Ensenada 
de Utría during upwelling events might be 
bringing waters even colder, saltier, and more 
oxygen depleted than in previous decades. 
Unfortunately, due to the lack of a monitoring 
program of the water column at Ensenada de 
Utría, it is not possible to evaluate the sea-
sonal and long-term consequences of hypoxia 
within the cove. 
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Despite the physiological stress that 
upwelled waters could cause, the increase in 
dissolved nutrients due to upwelling is recog-
nized as the most important process modulating 
the productivity of the regions of the gulfs of 
Tehuantepec, Papagayo, and Panama (Fernán-
dez-Álamo & Färber-Lorda, 2006; Pennington 
et al., 2006). However, information on the 
seasonal variability on nutrients concentration 
and the response of the plankton communities 
is available mainly in shelf and oceanic waters 
of the gulfs (Pennington et al., 2006; D’Cros & 
O’Dea, 2007). Except for the Gulf of Panama 
(Smayda, 1966; Forsbergh, 1969; D’Croz et 
al., 1991; D’Croz & Robertson, 1997; D’Croz 
et al., 2003), information in other coastal areas 
is limited. Although nutrients concentration 
was not quantified in this study, the increase 
in mesozooplankton biomass and abundance in 
February 2012 compared to the lower values 
registered during the rainy season (December 
2011, October 2013) indicate that productiv-
ity was enhanced at Ensenada de Utría as a 
response to wind mixing and upwelling during 
the dry season. 

Mesozooplankton biomass and abundance 
correlate negatively with subsurface tempera-
ture and positively with salinity, as a plankton 
community would be expected to respond 
to upwelling. Our results are also consistent 
with the biomass increase in phytoplankton (~ 
9-fold) and zooplankton (~ 2-fold) documented 
by Smayda (1966) in Bahía de Panamá during 
the dry season. Likewise, our results agree with 
the seasonal increase in total mesozooplankton 
biomass and abundance, as well as the increase 
of specific groups such as copepods, medusae, 
and hyperiids that has been documented in 
coastal waters of Bahía Culebra (Bednarski 
& Morales-Ramírez, 2004; Rodríguez-Sáenz 
& Morales-Ramírez, 2012), Bahía de Panamá 
(Miglietta et al., 2008), Bahía Cupica (Jer-
ez-Guerrero et al., 2017), and Isla Gorgona 
(Valencia & Giraldo, 2012; Giraldo, Valencia, 
Acevedo, & Rivera, 2014). In February 2013, 
although upwelling was evident at Ensenada de 
Utría in the changes in the environmental con-
ditions of the subsurface waters, these changes 

were not reflected in an increase of the bio-
mass and abundance of the mesozooplankton. 
It is possible that changes in the composition 
of the major groups of the mesozooplankton 
caused the observed differences. In February 
2012, gastropod larvae and copepods were 
the dominant zooplanktonic groups, whereas 
in February 2013, although gastropod larvae 
continued to dominate the community, copepod 
abundance was considerably reduced.

The high relative abundance of larvae of 
gastropods, bivalves, and decapods, particular-
ly during the dry season, is consistent with the 
high diversity of ecosystems present at Ensena-
da de Utría such as mangroves, sandy and 
rocky shores, and coral reefs that could func-
tion as larvae supply. Although we do not know 
which ecosystem the gastropod larvae that 
peaked during the dry season came from, Col-
lin and Ochoa (2016) documented that at least 
one species of rocky shore intertidal gastropod 
in Bahía de Panamá showed higher reproduc-
tive output during the dry season. The higher 
abundance of larvae was likely the result of the 
increase in food availability to the reproductive 
adults (Collin & Ochoa, 2016). In contrast, the 
increase in relative abundance of ostracods dur-
ing the rainy season, a primarily detritivorous 
zooplanktonic group (Angel, 1993), suggests 
that the efficiency of energy transfer in the 
water column was lower during this period. In 
Bahía de Panamá, Smayda (1966) documented 
a shift from a diatom-dominated phytoplankton 
community during the dry season (larger cells, 
fewer trophic levels) to a flagellate-dominated 
community during the rainy season (smaller 
cells, more trophic levels), suggesting a less 
efficient water column during the rainy sea-
son. Ostracods have also been documented to 
increase in abundance during the rainy season 
in Isla Gorgona (Giraldo et al., 2014) and in 
Bahía Culebra (Bednarski & Morales-Ramírez, 
2004), where they also represent a major com-
ponent of the mesozooplankton community. 

At Ensenada de Utría, it is possible that the 
increase in food supply during the dry season 
(i.e., mesozooplankton biomass) was accom-
panied by a shift in the size structure of the 
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mesozooplankton towards a higher proportion 
of larger organisms, as has been documented 
for the copepod assemblages in Bahía Cupica, 
located further north in the Pacific coast of 
Colombia (Jerez-Guerrero et al., 2017). The 
concentration and size of the plankton, as well 
as the timing and overlap with the food, are 
all important factors modulating the develop-
ment and survival of fish larvae (Cushing, 
1990; Beaugrand, Brander, Lindley, Souissi, & 
Reid, 2003; Kristiansen, Drinkwater, Lough, & 
Sundby, 2011). Because at Ensenada de Utría 
mesozooplankton biomass increased in Febru-
ary 2012 (dry season), and the community was 
potentially composed of larger plankton, it was 
expected that ichthyoplankton abundance also 
increased during the dry season. However, 
fish larvae abundance was higher in December 
2011 (rainy season) and thus, it seems likely 
that other factors besides food concentration 
are the main drivers of ichthyoplankton abun-
dance. The larvae of anchovies (Cetengraulis 
mysticetus), a commercially important spe-
cies, were more abundant in December 2011, 
which is consistent with their spawning period 
documented in the Colombian Pacific (October 
- December) (Beltrán-León, 2002). Likewise, 
higher abundances of C. mysticetus larvae have 
been found during the rainy season in Bahía 
Cupica (A. Giraldo, pers. observ.). Besides C. 
mysticetus, the larvae of an unidentified Gobi-
idae dominated the ichthyoplankton assem-
blage in December 2011; both are important 
components of the ichthyoplankton in terms of 
abundance and frequency of occurrence in the 
southern Pacific coast of Colombia (Escarria, 
Beltrán-León, Giraldo, & Zapata, 2007; Calle-
Bonilla, Giraldo, & Cuéllar-Chacón, 2017). 

During the dry season, Labrisomus sp. 
dominated the ichthyoplankton assemblage. 
This genus has also been found to represent an 
abundant component of the ichthyoplankton 
in Bahía Cupica (A. Giraldo, pers. observ.). In 
terms of ichthyoplankton diversity, the number 
of families found at Ensenada de Utría (14 
families) was similar to that documented in 
Isla Gorgona in the southern Pacific coast of 
Colombia (14 families by Escarria et al., 2007; 

16 families by Calle-Bonilla et al., 2017), but 
lower than in Bahía Málaga in the central part 
of the coast (23 families by Medina-Contre-
ras, Cantera, Escarria, & Mejía-Ladino, 2014). 
Likely, the spatial-temporal coverage of our 
study (9 stations, 2 months) offers only a snap-
shot of the true composition of fish larvae that 
use Ensenada de Utría as a nursery ground. It 
is also possible that the low number of ichthyo-
plankton morphotypes registered during this 
study is due to the variability of the environ-
mental conditions within the cove.

The effects of seasonal upwelling on the 
structure of the water column and plankton 
communities have been widely documented in 
subtropical waters of the eastern Pacific due to 
the productive fisheries in those regions (e.g., 
Rykaczewski & Checkley, 2008; Ayón, Swartz-
man, Espinoza, & Bertrand, 2011). We find that 
in a small and shallow tropical estuary in the 
Northern Pacific coast of Colombia, Ensenada 
de Utría, wind mixing and seasonal upwell-
ing over the Panama Bight is also the major 
drivers modulating the intra-annual variability. 
The entrance of colder, saltier, and oxygen 
depleted waters during the dry season modify 
the structure of the water column in the deep-
est zones of the cove. Although an increase in 
mesozooplankton abundance and biomass was 
expected during the dry season, changes in the 
composition of the communities were likely 
associated with the low values registered in 
February 2013. The high abundance of mollusk 
(gastropods and bivalves) and crustacean lar-
vae (decapods) highlight the importance of the 
cove as a nursery ground for the fauna inhabit-
ing diverse and productive ecosystems such as 
mangroves and coral reefs. Because fish larvae 
abundance was higher in December 2011 (rain-
ing season), despite the increase in productivity 
in February 2012, other factors besides food 
concentration are modulating ichthyoplankton 
abundance in the cove. Continued monitoring 
of the short and long-term effects of upwell-
ing events on the physiology and productivity 
of sensitive organisms, including the plankton 
as well as keystone species such as corals and 
mangroves, is crucial as these ecosystems 
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contribute greatly to the biodiversity and pro-
ductivity of coastal environments of the ETP 
and have been shown to be particularly vulner-
able to changes in climate.
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RESUMEN

Efectos de la surgencia estacional sobre la hidro-
grafía y las comunidades del mesozooplancton en una 
ensenada tropical del Pacífico colombiano. Introduc-
ción: Los efectos de surgencias estacionales sobre la 
estructura de la columna de agua y las comunidades del 
mesozooplancton son pobremente entendidos en zonas 
costeras del Pacífico Oriental Tropical (POT), a pesar 
de la importancia que tienen los eventos de surgencia en 
modular la productividad en estas zonas. Objetivo: Eva-
luar los efectos de la surgencia estacional que ocurre en la 
Ensenada de Panamá sobre la columna de agua y las comu-
nidades del mesozooplancton en una ensenada tropical del 
POT. Métodos: Los datos hidrográficos y las muestras 

de mesozooplankton fueron recolectados durante cuatro 
campañas de muestreo en la Ensenada de Utría (diciem-
bre 2011, febrero 2012, febrero 2013, octubre 2013), un 
estuario ubicado en la costa norte del Pacífico colombiano. 
Las diferencias estacionales en las variables ambientales y 
bióticas se evaluaron mediante análisis no paramétricos y 
multivariados. Resultados: Las aguas superficiales fueron 
cálidas (> 25 °C) y presentaron bajas salinidades (< 30) 
a lo largo de todo el periodo de estudio. En contraste, las 
aguas subsuperficiales fueron más frías (< 20 °C), más 
salinas (> 33) y presentaron menores concentraciones de 
oxígeno disuelto (< 2.0 ml l-1) durante la época seca (enero 
- marzo), mientras que la columna de agua fue homogénea 
durante la época de lluvias (abril - diciembre). A pesar de 
los cambios estacionales en las condiciones ambientales, el 
incremento esperado en la productividad del sistema duran-
te la época seca (i.e., mayor biomasa y abundancia del 
mesozooplancton) sólo se observó durante febrero 2012. 
Contrario a lo esperado, la abundancia del ictioplancton 
fue mayor durante la época de lluvias, periodo en el que el 
ensamblaje estuvo dominado por un Gobiidae sin identifi-
car y la carduma (Cetengraulis mysticetus). Conclusión: 
La entrada de aguas de surgencia a la Ensenada de Utría es 
un factor importante que modula los cambios estacionales 
observados en la columna de agua. Sin embargo, la res-
puesta de las comunidades del mesozooplancton ante los 
eventos de surgencia presentó alta variabilidad interanual. 
Considerando que las aguas de surgencia son reducidas en 
oxígeno y más acídicas, la entrada de aguas de surgencia a 
la Ensenada de Utría podría estar causando estrés fisiológi-
co a los organismos bentónicos y pelágicos que habitan las 
zonas más profundas de la ensenada. Esta condición podría 
volverse más severa en el futuro considerando las predic-
ciones que sugieren un incremento de la desoxigenación y 
acidificación del océano debido al cambio climático. 

Palabras clave: mesozooplancton; ictioplancton; hipoxia; 
Pacífico Oriental Tropical; Colombia.
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