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ABSTRACT.—The impact of the changes in seasonal grazing of the copepod Eucalanus subtenuis on chlo-
rophyll a concentrations in the water column along the coastal zone of the south-central Caribbean Sea,
Colombia, were studied during eleven oceanographic cruises carried out between September 1999 and May
2000. The cruises covered two coastal stations in Salamanca Gulf and two off the Tayrona Natural National
Park. Ingestion rates on phytoplankton were determined for two copepod size classes (prosome length
250-600 µm and >600 µm). During each cruise, chlorophyll a was determined in the upper 35 m of the water
column for three phytoplankton size classes: pico- (0.2-2.0 µm), nano- (2.0-20.0 µm), and microphytoplankton
(20.0-200.0 µm). Our results showed no differences in the ingestion by E. subtenuis between the copepod size
classes, nor strong variations in ingestion between areas. However, differences in hydrography (lower sa-
linity and higher temperature during the rainy season), phytoplankton biomass (higher in the rainy season),
and copepod ingestion (higher gut contents and ingestion rates during the rainy season) occurred between
climatic periods. Within both areas and seasons, the grazing impact of E. subtenuis was low (<1% of the
phytoplankton standing stock) and its variability was mainly determined by fluctuations in copepod density
and phytoplankton supply, rather than by temperature changes or copepod size classes. Thus, in the south-
central Caribbean shelf, E. subtenuis grazing seems to play a minor role in determining the phytoplanktonic
seasonal biomass fluctuations, especially when compared with the effects of the important input of water
over the shelf from the continent and coastal lagoons.
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INTRODUCTION

In most pelagic systems, zooplankton
play an important role as an intermediate
link between primary producers (i.e. phy-
toplankton) and organisms of higher tro-
phic levels. However, information on the
role played by this food web component
and its fluctuations in some areas of the
world (e.g., tropical coastal areas including
the Caribbean Sea) is scarce.

At mid and high latitudes, the produc-
tion cycles of phyto- and zooplankton are
closely linked and modulated by variations
in environmental characteristics such as the
development/destruction of thermoclines
in spring and autumn (Dam and Peterson
1988; Kiørboe and Nielsen 1994). However,
the relationship between phytoplankton

and zooplankton may not be that clear at
low latitudes where changes in physical
characteristics such as temperature are usu-
ally not pronounced. Variations in environ-
mental factors such as salinity during the
rainy season and the presence of mesoscale
plankton-concentrating structures seem to
be more relevant in modifying seasonal
fluctuations in the phytoplankton and zoo-
plankton abundance in tropical coastal wa-
ters (Arinardi et al. 1990; Kingsford and
Suthers 1994; Burford et al. 1995).

Strong seasonal changes in chlorophyll a
concentrations have been reported off Co-
lombia in the south-central Caribbean Sea
(Franco-Herrera et al. 2006). These varia-
tions, associated with the input of fresh and
brackish water during the rainy season,
suggest that major changes may be occur-
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ring seasonally in the coastal pelagic tro-
phic web (Arias and Durán 1984; Hernán-
dez and Gocke 1989). Since zooplankton
grazing responds to phytoplankton charac-
teristics such as species composition, size
(Pakhomov et al. 1997), concentration,
and/or nutritional condition (Boyd et al.
1980; Dagg and Grill 1980; Dagg 1983; Dam
and Peterson 1988; Klein et al. 2005), varia-
tions in the zooplankton feeding behavior
should be expected to occur in association
with seasonal fluctuations in phytoplank-
ton. The seasonal changes in the water col-
umn, thus, should have an effect on the lo-
cal zoo- and phytoplankton communities
and the carbon flux between them.

Copepods of Eucalanidae comprise the
main group of the Colombian Caribbean
zooplankton. Species of this family (e.g.,
Subeucalanus trassus, S. monachus, S. pileatus,
Eucalanus subtenuis) are filtering herbivores
(Price et al. 1983; Mauchline 1998) that are
characteristic of the south-central Caribbe-
an Sea. The Eucalanidae family is best rep-
resented throughout the year by E. sub-
tenuis; this species has higher population
densities during the dry season (Bernal
2000). Therefore, we selected this species to
examine the grazing impact that copepods
have on the phytoplankton community.

The objective of this study was to assess
the variations in grazing rates of the co-
pepod Eucalanus subtenuis (Giesbrecht
1888) in relation to changes in the phyto-
plankton abundance over the dry and rainy
seasons along the south-central coast of the
Colombian Caribbean Sea. We estimated
variations in: (1) chlorophyll a concentra-
tions, (2) copepod gut contents and inges-
tion rates, and (3) the grazing impact of E.
subtenuis on the phytoplankton biomass
during the dry (December-May) and rainy
(June-November) seasons.

MATERIALS AND METHODS

Study area

The surveyed areas were the Salamanca
Gulf (SG) and the Tayrona Natural Na-
tional Park (TNNP) on the south-central
coast of the Colombian Caribbean (74° 10’-
74° 30’ W, 11° 00’-11° 10’ N; Fig. 1). Two

main climatic periods occur in this part of
the Caribbean Sea: a dry season from De-
cember through May, in which northeast
Trades Winds blow parallel to the coast in-
ducing upwelling at TNNP (Andrade 1993;
Cabrera and Donoso 1993), and a rainy sea-
son from June through November, when
fresh and brackish waters from the Magda-
lena River and Ciénaga Grande de Santa
Marta Coastal Lagoon reach the shelf (An-
drade 1993). Along with the seasonal
changes in fresh water input, two main sur-
face currents alternate over the Central Co-
lombian Caribbean shelf: (1) the Caribbean
Current from Guyana and Venezuela
reaching the Colombian coast during the
dry season, and (2) the Panama Current
coming from the Panama basin reaching
the shelf during the rainy season (Javelaud
1986). The temperature ranges from 21 to
29 °C and salinity from 31 to 38 due to the
various water sources in the area (up-
welling, rainfall, continental runoff; Ramírez
1983). The permanent thermocline ranges
between 30 and 40 m (Blanco 1988; Ramírez
1990). Surface chlorophyll a concentrations
change during the year, being higher in the
rainy season (>5.0 �g l−1) and lower in the
dry season (1.0-2.0 �g l−1; Franco-Herrera
2005).

Field work

To obtain the samples required for as-
sessing the copepod gut contents, ingestion
rates, and the grazing impact by E. sub-
tenuis on phytoplankton biomass, eleven
cruises were conducted in Salamanca Gulf
and off the Tayrona Natural National Park.
Two stations were visited regularly in each
area. Six cruises covered the rainy season
(September-November 1999) and five the
dry season (February-May 2000), with
monthly sampling in each area. The hydro-
graphic data (temperature, salinity), phyto-
plankton, and zooplankton were obtained
from the mixed layer (<40 m) at all stations
in both seasons. Samples were taken three
times during the day: at dawn (04:00-06:00),
midday (10:00-12:00), and in the evening
(17:00-19:00). Additionally, to estimate in-
gestion rates, six zooplankton feeding ex-
periments were carried out from February
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to May 2001 in the Marine Biology Labora-
tory, University of Bogotá Jorge Tadeo Lo-
zano (Santa Marta, Colombia).

Oceanographic conditions and phytoplankton

Water samples were collected from 2.5,
12.5, 17.5, and 35.0 m depth for temperature
and salinity (WTW 330 conductivity-
temperature meter) and total and fraction-
ated phytoplankton (estimated fluorome-
trically as chlorophyll a; Parsons et al.
1984). The size classes corresponded to: pi-
cophytoplankton (<2.0 �m), nanophyto-
plankton (2.0-20.0 �m), and microphyto-
plankton (20.0-200.0 �m). All the samples
were sieved through a 250-�m pore-size
net to eliminate any potential macro+meso-
zooplankton and detritus fractions present
in the seawater. To detect differences be-

tween areas and seasons, non-parametric
U-Wilcoxon tests among paired data sets of
temperature and salinity were carried out.
To compare the total E. subtenuis ingestion
at the stations, chlorophyll a concentrations
were integrated through the water column
(0-35 m).

Gut contents

Mesozooplankton samples were col-
lected through oblique tows from the sur-
face through 35 m with a conical plankton
net (50 cm mouth diameter, 250 �m pore
size) equipped with a flowmeter. The zoo-
plankton was narcotized with carbonated
water (1:5 v/v relation), concentrated in a
sieve, and quickly frozen in the dark for
copepod gut content preservation (Kleppel
et al. 1988). Only females of Eucalanus sub-

FIG. 1. Study area, showing the stations in Salamanca Gulf and off the Tayrona Natural National Park along
the south-central Colombian Caribbean coast.
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tenuis were sorted and classified into two
size classes: <600 �m prosome length (Eu-
type I: stage V copepodiids or small adults
of E. subtenuis) and >600 �m (Eutype II:
large adults of E. subtenuis). These classes
were used to consider the food size selec-
tion regardless of the copepod maturity
stage. The gut content determinations (G)
followed the methodology of Mackas and
Bohrer (1976), modified by Baars and
Helling (1985), utilizing from 5 to 10 cope-
pods per sample. Total gut contents (ng to-
tal pigment copepod−1) were expressed in
equivalent weight of chlorophyll a plus
phaeopigment a from the equations pro-
posed by Boyd et al. (1980), Dagg (1983),
Dagg and Wyman (1983), and Ellis and
Small (1989).

A second oblique zooplankton tow was
carried out at each sampling time for co-
pepod size class density determinations
and to later estimate the grazing impact of
the E. subtenuis population on the phyto-
plankton biomass. A U-Wilcoxon Mann-
Whitney test of the copepod gut contents
was carried out to determine differences as-
sociated with areas, seasons, and food
abundance. Non-parametric Spearman rho
correlations were estimated between the
gut contents of small (Eutype I) and large
(Eutype II) copepods and chlorophyll a
concentrations in the different phytoplank-
ton size fractions in the water column.

Ingestion rates and grazing impact

Six laboratory experiments were carried
out to calculate the gut clearance rate con-
stant (K). For each experiment, copepods
were captured in the Salamanca Gulf and
transported in 30 L of in situ seawater to the
laboratory. The individuals were fed an ex-
cess of natural phytoplankton from the gulf
for two hours and then transferred in the
dark to filtered seawater. Subsamples of 10
to 15 copepods were collected every 5 min
from the incubating chamber for copepod
gut content determinations (following Dam
1986; Morales et al. 1990) for a total of 60
min. All experiments were carried out at
21 °C. The instantaneous gut clearance rate
constant (Km, min−1) was estimated from
the exponential decay in gut content as:

St = Soe−Kmt (1)

where So is the initial gut content and St is
the gut content at time t (Dagg and Wyman
1983). Since variations in temperature be-
tween areas and seasons might affect the
instantaneous gut clearance rate constant,
we validated the Km obtained from the
laboratory experiments with a Km calcu-
lated from the temperature-dependent
model proposed by Dam and Peterson
(1988) and later utilized by Mauchline
(1998):

K = 0.0117 + 0.001794T �r2 = 0.72; n = 44�
(2)

where T is the water column mean tem-
perature (°C) for the rainy and dry seasons,
respectively. The mean ingestion rates (I,
ng total pigment copepod−1 min−1) for each
season and area were calculated following
Dam and Peterson’s (1988) equation:

I = KmG (3)

where G is the mean gut content of the co-
pepods collected in the field.

The grazing impact (%) of the E. subtenuis
ingestion over the mean chlorophyll a
standing stock in the mixed layer was esti-
mated for the different copepod size
classes, seasons, and areas. The relation uti-
lized was:

Grazing Impact = Id × nm × 100�chl a (4)

where Id is the mean ingestion rate esti-
mated by the temperature-dependent
model, nm is the mean copepod density
throughout the day, and chl a is the mean
chlorophyll a concentration in the water
column during the day (ng chl a m−2).

RESULTS

Oceanographic conditions

Temperature in the water column (0-35
m) at SG ranged from 27.7 to 29 °C during
the rainy season and from 24.5 to 26.8 °C in
the dry season. A similar trend was deter-
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mined at TNNP, with temperatures of 28.5
to 29.0 °C for the rainy season and 24.0 to
27.0 °C in the dry season. Salinity was
lower in the rainy season (31.6-35.4 at SG;
30.6-34.8 at TNNP) than in the dry season
(33.1-36.1 at SG; 35.2-35.3 at TNNP). Glo-
bally, a clear trend was evident: lower tem-
perature (U-Wilcoxon; P = 0.007; n = 9 at
SG; P = 0.027; n = 6 at TNNP) and higher
salinity (U-Wilcoxon; P = 0.050; n = 9 at SG;
P = 0.027; n = 6 at TNNP) occurred during
the dry season. The influence of fresh water
input was stronger at the surface layer dur-
ing the rainy season and more evident at
the stations near the Ciénaga Grande de
Santa Marta Coastal Lagoon (SG) than at
the stations off the Tayrona Natural Na-
tional Park (Figs. 2 and 3).

Phytoplankton biomass

Mean chlorophyll a concentrations in the
mixed layer at SG and TNNP were higher
during the rainy season (707.4 ± 199.5 mg
m−2 at SG; 751.8 ± 252.5 mg m−2 at TNNP)
than the dry season (408.4 ± 75.0 mg m−2 at
SG; 375.1 ± 44.6 mg m−2 at TNNP; Table 1).
In both areas, an inverse trend was ob-
served between salinity and chlorophyll a,
such that when the phytoplankton biomass
was higher, salinity was lower; this inverse
trend was particularly clear in the surface
layer (Figs. 2 and 3).

Copepod abundance

The mean density of the smaller size
class (Eutype I) of Eucalanus subtenuis in the
water column was 24.9 ± 4.6 ind m−2 at SG
and 186.8 ± 90.9 ind m−2 at TNNP during
the rainy season, and 100.4 ± 42.8 ind m−2

at SG and 3.3 ± 2.1 ind m−2 at TNNP during
the dry season. The mean density of the
large copepods (Eutype II) was 15.9 ind
m−2 ± 1.4 at SG and 114.0 ± 37.3 ind m−2 at
TNNP during the rainy season and 133.9 ±
13.4 ind m−2 at SG and 1.3 ± 1.1 ind m−2 at
TNNP during the dry season. Whereas
both the small and large copepods in-
creased from the rainy to the dry season at
SG, the opposite occurred at TNNP.

Gut contents and ingestion rates

At SG, Eutype I gut contents ranged from
less than 0.001 to 0.589 ng pigm cop−1 dur-

ing the rainy season and from less than
0.001 to 0.192 ng pigm cop−1 during the dry
season. Eutype II gut contents fluctuated
between 0.009 and 0.649 ng pigm cop−1 and
from less than 0.001 to 0.266 ng pigm cop−1

during the rainy and dry seasons, respec-
tively. At TNNP, the same trends were ob-
served in both class sizes. Eutype I values
ranged from 0.061 to 0.800 ng pigm cop−1

and from less than 0.001 to 0.108 ng pigm.
cop−1 during both seasons and Eutype II
values from 0.049 to 0.740 ng pigm. cop−1

and from less than 0.001 to 0.104 ng pigm
cop−1 (Fig. 4).

No differences in gut contents were
found between the zones (SG, TNNP) and
copepod size classes (Eutypes I and II), sug-
gesting a similar spatial feeding trend and
also that the copepod sizes (at least in the
size range considered here) have no influ-
ence on the copepod gut content. Gut con-
tents within each size class, however, dif-
fered between seasons, being higher during
the rainy season at both sites (U-Wilcoxon-
Mann-Whitney; P = 0.0054; n = 44, in Eu-
type I; P = 0.0023; n = 43, in Eutype II).

The mean gut clearance rate constant (K)
obtained from the laboratory experiment at
21 °C was 0.042 min−1 (standard error =
0.013; n = 6). Utilizing the relationship
given by Dam and Peterson (1988), the es-
timated K21°C was 0.049 min−1, which sug-
gests the mathematical temperature-
dependent model is appropriate to
recalculate K and to estimate the ingestion
rates (I) for both zones, using the mean wa-
ter column temperature during each sea-
son. The new gut clearance rate constants
were estimated to be 0.06 min−1 for the
rainy season and 0.05 min−1 for the dry sea-
son in both zones (Fig. 5).

At SG, both copepod size classes showed
higher daily ingestion rates in the dry sea-
son (527.4 ng total pigment d−1 for Eutype
I; 791.3 ng total pigment d−1 for Eutype II)
than in the rainy season (369.0 ng total pig-
ment d−1 for Eutype I; 293.8 ng total pig-
ment d−1 for Eutype II). At TNNP, the op-
posite trend was observed in copepods of
both size classes. The daily ingestion rate
for Eutype I was 8.1 ng total pigment d−1 in
the dry season and 4016.3 ng total pigment
d−1 in the rainy season; for Eutype II, this
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rate was 4.6 ng total pigment d−1 and 2089.1
ng total pigment d−1 for the dry and rainy
seasons, respectively. Between size classes
within each season, the daily ingestion
rates were similar in the rainy and dry sea-
sons at SG but differed between copepod

sizes at TNNP in both seasons (Fig. 5). Only
at TNNP was a positive correlation deter-
mined throughout the year between the
phytoplankton biomass of one size class
(microphytoplankton) and the chlorophyll
a concentration, observed in the gut con-

FIG. 2. Chlorophyll a, salinity, and temperature profiles at the Salamanca Gulf during the rainy and dry
seasons. Dates are given as day-month-year.
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tents of the smallest copepods (Spearman’s
rho = 0.609; P = 0.048; n = 13; Table 2).

Grazing impact

The E. subtenuis grazing impact (both co-
pepod size classes) on the phytoplankton

biomass (measured as chlorophyll a) dur-
ing both climatic periods and areas was
low (<1% of total chlorophyll a; Fig. 6). The
highest (0.812%) and the lowest (0.001%)
grazing impacts occurred at TNNP, respec-
tively, during the rainy and dry seasons. At
SG, the seasonal differences in grazing im-

FIG. 3. Chlorophyll a, salinity, and temperature profiles off Tayrona Natural National Park during the rainy
and dry seasons. Dates are given as day-month-year.
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pact over the total chlorophyll a were
greatly reduced (less than one order of
magnitude between seasons). The seasonal
trend in grazing impact was inverse be-
tween areas: while at SG the total grazing
impact was higher during the dry season,
at TNNP the grazing impact was higher

during the rainy season. In terms of the
grazing impact of each copepod size class
per season, only small differences in Eu-
type I and Eutype II consumption were de-
tected within seasons at both areas. The
principal differences in the oceanographic
conditions and E. subtenuis trophic behav-
ior between seasons are summarized in
Table 3.

DISCUSSION

Oceanographic conditions

Strong seasonal variations were ob-
served in the hydrographic characteristics
of both areas. The salinity (31-38) and tem-
perature (21-29 °C) values fell within the
ranges observed in both seasons for the
southwest Caribbean throughout the year
(Ramírez 1983; Blanco 1988; Ramírez 1990;
Franco-Herrera 2005). The lower tempera-
ture and higher salinity during the dry sea-
son occur largely in response to the Trade
Winds and seasonal upwelling. Alterna-
tively, during the rainy season, the Trade
Winds decline and local runoff increases,
producing lower salinity and higher tem-
perature. The local runoff and the fresh and
brackish water inputs over the shelf from
the Magdalena River and the Ciénaga
Grande de Santa Marta Coastal Lagoon
were probably responsible for the in-
creased chlorophyll a concentrations du-
ring the rainy season. These chlorophyll a
concentrations were higher than those in
other tropical zones such as in open waters
of the Caribbean (0.1-0.5 �g l−1; Rodríguez

TABLE 1. Mean chlorophyll a integrated in the water column (0-35 m) for three phytoplankton size classes, at
the Salamanca Gulf (SG) and off the Tayrona Natural National Park (TNNP) during the rainy and dry seasons.

Size class (�m)

Chlorophyll a (mg m−2)

SG TNNP

Rainy season Micro 402.75 ± 111.25 428.56 ± 110.91
Nano 238.37 ± 85.21 237.46 ± 164.20
Pico 66.32 ± 13.99 85.77 ± 6.29
Total season 707.45 ± 199.48 751.80 ± 252.46

Dry season Micro 293.551 ± 67.45 214.17 ± 26.94
Nano 66.82 ± 10.86 85.43 ± 23.46
Pico 48.04 ± 15.52 75.52 ± 5.85
Total season 408.42 ± 75.03 375.14 ± 44.55

FIG. 4. Mean Eucalanus subtenuis gut content per co-
pepod, considering size class, main seasons in the
Salamanca Gulf (SG) and off the Tayrona Natural Na-
tional Park (TNNP). ± 1 standard error of the mean.

FIG. 5. Daily ingestion rates by Eutype I and Eutype
II copepods in Salamanca Gulf (SG) and Tayrona
Natural National Park (TNNP) during both seasons.
K: gut clearance rate constants calculated by Dam and
Peterson’s (1988) equation.
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and Varela 1987), Gulf of México (0.15-2.85
�g l−1; Bianchi et al. 1995), southeast Ja-
maica (0.70-2.64 �g l−1; Webber and Roff
1996), and coastal areas such as Florida Bay
(0.2-39.9 �g l−1; Philips and Badylak 1996),
and Gulf of Cariaco, Venezuela (0.5-7.5 �g
l−1; Mandelli and Ferraz-Reyes 1982).
Therefore, the influence of the continental
water discharge over the continental shelf
was stronger at SG but still noticeable at
TNNP and seemed to play an important
role in the organic matter input to the near-
shore marine system. This continental wa-
ter input was evidenced even up to the usu-
ally pristine, coral reef-rich Tayrona
National Park coastal zone, located 54 km
northeast from the Ciénaga Grande de
Santa Marta. The overall picture emerging
from these observations supports the hy-
pothesis that the strong seasonal variations
in the hydrography and the copepod food
supply (i.e., phytoplankton) are linked to
the seasonal climatic changes along the
south-central Caribbean continental shelf.
This trend is also common along the Co-
lombian Caribbean coast, where river in-

puts and seasonal upwelling principally
generate high surface chlorophyll a fluctua-
tions (0.1-5.1 �g l−1; Ojeda-Caicedo and
Plata-Gómez 2004).

Gut contents and food supply

Seasonal variation in environmental
characteristics had an affected the feeding
of Eucalanus subtenuis; higher mean gut
contents were observed during the rainy
season (period of higher phytoplankton
biomass) in both areas. Location (SG vs.
TNNP) and copepod size (small vs. large)
seemed to have a lesser effect on the gut
content biomass than the seasonal variation
in phytoplankton biomass (measured as
chlorophyll a). We did not detect differ-
ences in gut contents between zones (SG,
TNNP) or between copepod size classes
(Eutypes I and II) within each season. The
observed gut contents were within the
range reported for similar-sized copepods
from tropical and subtropical waters
(<1000 �m prosome length; e.g., Acartia, Te-
mora), but lower than those reported for
larger copepods (e.g., Calanus) in autumn
or during the main spring phytoplankton
bloom (Kleppel and Pieper 1984; Simard et
al. 1985; Castro et al. 1991; Meyer-Harms et
al. 1999; Table 4).

Our results suggest that the size distribu-
tion of phytoplankton in the field might
have affected feeding by smaller copepods,
since a positive relationship was observed
between gut contents of smaller copepods
and the biomass of the microphytoplank-
ton size fraction at TNNP. Food size has
been reported to be a main factor determin-
ing copepod ingestion in other systems

TABLE 2. Summary of Spearman Rho rank correlation values between the chlorophyll a concentrations in the
gut contents of Eutype I and Eutype II and the phytoplankton biomass (measured as chlorophyll a) of the three
phytoplankton size classes in the Salamanca Gulf (SG) and Tayrona Natural National Park (TNNP).

SG TNNP

Eutype I Eutype II Eutype I Eutype II

Picophytoplankton −0.427 −0.409 −0.096 −0.250
Nanophytoplankton −0.105 −0.098 −0.086 −0.112
Microphytoplankton 0.223 0.108 0.609* 0.487
Total chlorophyll a 0.650 −0.031 0.505 0.446

*Significant at P � 0.05, **Significant at P � 0.01. n = 18 at SG and n = 15 at TNNP.

FIG. 6. Grazing impact percentage (%) of Eutype I
and Eutype II on the chlorophyll a standing stock dur-
ing both seasons in Salamanca Gulf (SG) and Tayrona
Natural National Park (TNNP).
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(Roman and Gauzens 1997). However, this
conclusion should be taken cautiously as it
is not reasonable to envision feeding selec-
tion based soley on phytoplankton size.
Furthermore, this positive relationship oc-
curred in only one of the areas and no dif-
ferences were found in the biomass of that
size class (microphytoplankton) between
the studied zones. Other factors such as the
chemical composition and physiological
state of the phytoplankton (Barlow 1982;
Wilkerson and Dugdale 1987; Marañon et
al. 1995; Marañon and Fernández 1995;
Moore et al. 1999; Klein et al. 2005), cell
shape (Glasser 1984), or physical environ-
mental factors (e.g., turbulence; Irigoien et
al. 2000) could also have an effect, modu-
lating copepod feeding.

Grazing impact

Seasonal differences in copepod grazing
impact on phytoplankton biomass in the
water column were observed between ar-
eas. At SG, the impact was three times
lower in the rainy than in the dry season.
The increase in copepod abundance during
the dry season (5.7-fold increase) was the
factor that had the largest effect on these
seasonal differences. This increase in co-
pepod abundance, along with the lower
phytoplankton biomass in the water col-
umn in the dry season, overrode the effect
of the higher gut contents in the rainy sea-
son. Contrary to our results at SG, the im-
pact during the rainy season at TNNP was
>250 times higher than in the dry season.

TABLE 3. Summary of environmental conditions in the water column and E. subtenuis ingestion, ingestion
rates and grazing impact, showing the main differences between the rainy and dry season conditions in the
south central Caribbean Sea, Colombia.

Variable Rainy season Dry season

Temperature High Low
Salinity Low High
Chlorophyll a Very high High
E. subtenuis density (Eutype I + Eutype II) High High
Gut contents High Low
Ingestion rates High Low
Grazing impact High Low

TABLE 4. Gut content concentrations (minimum-maximum or mean) for different copepod species at high and
low latitudes. Chl-cop−1 indicates the equivalent weight of chlorophyll a plus phaeopigment a per copepod.

Taxa Gut content Area References

Eucalanus subtenuis
(Eutype I and II)

0.001-0.800 ng Chl cop−1 Colombian Caribbean This study

Small copepods
Acartia tonsa 0.1-0.4 ng Chl cop−1 South California Kleppel et al. (1988)
Acartia longipatella 0.1-0.5 ng Chl cop−1 Kariega Estuary,

South Africa
Froneman (2000)

Temora longicornis 0.1-0.7 ng Chl cop−1 St. Georges Bay—Gulf of
St. Lawrence

Head et al. (1984)

Neocalanus plumchrus 0.005-0.445 ng Chl cop–1 Subartic Pacific Ocean Dagg and Walser (1987)
Large copepods

Calanus pacificus 15-20 ng Chl cop–1 St. Onofre-California Kleppel and Pieper (1984)
Calanus finmarchicus 1-3 ng Chl cop–1 St. Lawrence Estuary Simard et al. (1985)

64-219 ng Chl cop−1 Norwegian Sea Meyer-Harms et al. (1999)
Calanus chilensis 0.21-9.5 ng Chl cop–1 Central Chile Peterson et al. (1988)

9.7-25.8 ng Chl cop–1 Central Chile Castro et al. (1991)
Calanoides patagoniensis 4.0 ng Chl cop−1 Central Chile Castro et al. (1991)
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At TNNP, the very strong seasonal diffe-
rence in grazing impact (267 times higher
in the rainy season) was mainly the result
of the remarkable increase in copepod
abundance (>400 times more abundant)
along with the increase in gut contents (5.7-
fold increase). Both factors overrode the
chlorophyll a increase during the rainy sea-
son. The effect of temperature on the evacu-
ation constant between seasons was not
large, since the seasonal differences in tem-
perature only caused a 16.6% change in the
constant (additionally, the evacuation con-
stant was the same for both areas). To sum-
marize, the increase in chlorophyll a and
temperature during the rainy season in
both areas affected positively the copepod
feeding activity (i.e., gut contents: 2.7 to 5.5-
fold increases, plus the 16.6% increase in
the evacuation constant), but these com-
bined effects were less important than the
remarkable changes in copepod abundance
in both areas.

The overall daily grazing impact of E.
subtenuis over the chlorophyll a standing
stock along the central Colombian coast
was low (<1%). These estimates should be
considered to be somewhat conservative,
since they were based only on gut contents
determined during the day and night frac-
tions. Increases in ingestion of up to over 10
times have been reported for this genus at
night in other areas (Arinardi et al. 1990).
Also, pigment losses due the action of the
chlorophyll bleaching enzymes present in
the copepod gut and the ingested algae
may occur and result in decreased chloro-
phyll a concentrations as determined fluo-
rometrically (Head et al. 1984; Pasternak
and Dritts 1988; Stevens and Head 1998).
However, the chlorophyll a concentrations
determined in the gut contents are compa-
rable with others reported for single co-
pepod species in highly productive areas of
low and mid latitudes in studies in which
the same fluorometric method was em-
ployed (Table 4). Off Peru (15o S), for in-
stance, we used the copepod abundance re-
ported by Boyd et al. (1980) and, based on
their regression equations between gut con-
tents and mean chlorophyll a, calculated a
grazing impact of about 0.01% for Eucala-
nus inermis. In the upwelling area off Con-

cepción, Chile (37o S), alternatively, the
grazing impact of Calanus chilensis over the
phytoplankton standing stock has been es-
timated to be around 0.550% (winter) and
0.003% (spring; Castro et al. 1991). In this
same area, the grazing impact exerted by
Calanoides patagoniensis was 0.049% in
spring. Because of the lack of estimations of
the grazing exerted by other copepod spe-
cies in the study area, we were unable to
determine the contribution of E. subtenuis
to the total consumption carried out by the
entire copepod community. However,
based on the E. subtenuis abundance, we
can speculate that this contribution varied
between seasons and areas, being probably
only slightly significant (1.3% of the chlo-
rophyll a standing stock) during the rainy
season at SG, when they reached 67% of the
total copepod abundance (in the other sea-
sons and areas, E. subtenuis were less than
25% of the total copepod abundance). This
potential grazing impact can be considered
to be low as compared with the meso-
zooplankton or copepod community graz-
ing impact in some oligotrophic zones (e.g.,
1-9% in the Equatorial Pacific; Dam et al.
1995) and also in highly productive regions
(ca., 1-6% in coastal upwelling areas off
central Chile; Grunewald et al. 2002 and
6-18% in Santa Mónica Basin off southern
California; Landry et al. 1994).

The important role of zooplankton as a
link on the matter and energy flux between
phytoplankton and the higher levels in the
food web has been long proposed (Dagg
and Wyman 1983, Dam and Peterson 1988,
Franks 1992). However, the low grazing
impact over the phytoplankton standing
stock reported in this study during both
seasons (<1%) indicates that E. subtenuis
utilizes only a small fraction of the phyto-
plankton biomass present in the euphotic
layer. The low grazing impact found in
both areas and seasons and its variability
were mainly determined by the fluctua-
tions in copepod density and secondarily
by the phytoplankton availability, rather
than by effects of seasonal temperature
changes over the ingestion rates. Thus, the
south-central Caribbean coast emerges as a
tropical coastal area where E. subtenuis
grazing seems to play a minor role in de-
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termining the seasonal fluctuations in the
phytoplankton biomass. Given E. subtenuis
is a dominant copepod species and also
considering that the chlorophyll concentra-
tions in the area are high, the overall impact
of the copepod community on the phyto-
plankton biomass is expected to be low as
well. The latter seems to be governed
mainly by large water input variations over
the shelf from the continent and coastal la-
goons.
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