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Abstract The South China Sea (SCS) is the world’s

largest marginal sea being notable for vertical mixing at

various scales resulting in a sequence of chemical and

biological dynamics in surface waters. We investigated the

ingestion, gut content, evacuation and clearance rates of

copepods collected from six stations (including a South

East Asia Time Series station) along a transect line in the

tropical of a SCS cruise during September 27, 1999 to

October 2, 1999. The goal of the present study was to

understand the feeding ecology of copepods in the upper

water layers (0–5 m) of the northern SCS during autumn.

We measured the gut pigment contents of 33 copepod

species by the gut fluorescence method. The gut chloro-

phyll a values of most small size copepods (\1 mm) were

lower than 1.00 ng Chl a individual-1. The highest gut

pigment content was recorded in Scolecithrix danae

(7.07 ng Chl a individual-1). The gut pigment contents of

33 copepod species (including 70 samples and 1,290

individuals) estimated is negatively correlated with sea-

water temperature (Pearson correlation r = -0.292,

P = 0.014) and is positively correlated with the chloro-

phyll a concentration of ambient waters (Pearson correla-

tion r = 0.243, P = 0.043). Mean gut pigment content,

ingestion and clearance rates (from 80 samples and 1,468

individuals) show that larger copepods ([2 mm) had

significantly higher values than medium sized copepods

(1–2 mm) and smaller sized copepods. The present study

shows that the performance of feeding on phytoplankton

was variable in different sized copepod groups, suggesting

that copepods obtained in the tropical area of the south-

eastern Taiwan Strait might be opportunistic feeders.

Keywords Copepod � Gut content � Feeding �
Evacuation rate � Ingestion rate � South China Sea

Introduction

Planktonic copepods are key organisms in aquatic eco-

systems, because they are the most important link between

the primary productivity of microalgae and the production

of many fish species in the oceans (Irigoien et al. 2002;

Tseng et al. 2008a). This has a qualitative and a quantita-

tive dimension. Qualitative and quantitative aspects of

copepod feeding are influenced by several parameters,

which include copepod abundance (Atkinson 1996), body

length (Morales et al. 1991), time of the day (Saito and

Taguchi 1996), seasonal variance (Razouls et al. 1998;

Tseng et al. 2008b), type of food (Stoecker and Capuzzo

1990; Atkinson 1996), quantity of food (Ellis and Small

1989) and physical parameters such as seawater tempera-

ture (Dam and Peterson 1988). Copepod feeding is

dynamic and may have a wide variation (Hwang et al.

1998; Lee 1999; Tseng et al. 2008c).

One of the critical relationships involved in the

dynamics of pelagic ecosystems is the trophic relationship

between producers (phytoplankton) and consumers (like

zooplankton). The quantification of phytoplankton utiliza-

tion by grazing allows to calculate the downward transport

of organic matter. Phytoplankter are the primary processors
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of photoautotrophically synthesized organic matter in the

oceans, and zooplankton plays major roles in the nutrient

transfer to higher trophic levels. By their grazing vertically

migrating or decaying zooplankton also transport a sub-

stantial amount of nutrients and carbon from surface waters

to deeper water layers. Aquatic zooplankton has a great

impact on the transfer of energy and nutrients throughout

the food web, as it links primary production with higher

trophic levels (Turner 2004). However, different zoo-

plankton taxa play different roles with different impact.

Copepods are probably the most abundant metazoans in

the ocean (Schminke 2007) and constitute [90% of the

total zooplankton abundance in the Taiwan Strait (Lo et al.

2004), in the northeastern South China Sea (SCS) (Tseng

et al. 2008a) and other parts of the world’s oceans

(Froneman et al. 2000).

Feeding diets may shift among individuals of a partic-

ular species, with age (considering particularly ontogenetic

changes) (Meyer et al. 2002), and with gender (Dahms and

Qian 2006). There might be seasonal shifts that also reflect

community shifts of available food sources. Feeding

strategies might be selective (Go et al. 1998) or nonse-

lective (Tseng et al. 2008c). The taxonomic and bio-

chemical complexity of the trophic oceanic environment

makes it difficult to apply these concepts to copepod

feeding (Kleppel 1992). There are attempts to trace cope-

pod diets by the study of their feeding behavior (Tackx

et al. 2003), the direct examination of diets in their gut

(Nishida and Ohtsuka 1996; Wu et al. 2004), or the

examination of their fecal pellets (Turner et al. 2001).

However, gut and fecal pellet studies seem not to be a

reliable way to determine the composition of copepod food

since digestion can be very rapid and many food sources

have no skeletal remains that could be retrieved. Bottle

incubations in situ have traditionally been used to charac-

terize diets of calanoid copepods and to quantify temporal

ratios of consumption (Kleppel et al. 1996).

Quantifying rates of phytoplankton utilization by cope-

pods is a necessary step to understand the mechanisms that

regulate phytoplankton populations in marine ecosystems

and the flux of organic matter. Copepod feeding processes

cannot easily be generalized, as copepods exhibit herbiv-

orous, omnivorous, carnivorous and detritivorous feeding

habits (Schultes et al. 2006; Dahms and Qian 2005).

Copepod feeding also have impacts on microbial assem-

blages (Schnetzer and Caron 2005), so in their consump-

tion of bacterial production (Bouvy et al. 2006). The

reproductive activity and physiological status of copepods

are strikingly affected by their diets (Ceballos and Alvarez-

Marques 2006; Dahms et al. 2006). Copepods are selective

in their feeding process (Meyer-Harms and von Bodungen

1997). The selectivity is sensitive and copepods can dis-

tinguish between food particles of different nutritional

status (Cotonnec et al. 2001), algal composition (Atkinson

1994; Wyckmans et al. 2007), concentration (Katechakis

and Stibor 2004), taste (DeMott and Tessier 2002) and

toxicity of algae (DeMott and Tessier 2002). The rela-

tionship between primary production, grazing and the

export of organic material is strongly determined by the

size structure of the trophic pathways (Morales et al. 1990;

Froneman et al. 2000).

Large filter feeders are able to feed on a wider size

spectrum of algae than are small filter feeders (Hansen

et al. 1997). The relationship between primary production,

grazing and export of materials is among other variables

related to the size structure of the members of the trophic

web (Froneman et al. 2000). The size structures of zoo-

plankton assemblages may affect phytoplankton commu-

nities differentially. A study of Møller (2005) reviewed and

suggests that the size ratios of copepod-to-prey is\55. His

results showed that the grazing pressure performance was

the interaction of size composition in both zooplankton and

phytoplankton communities.

Copepods may intensify and accelerate the downward

flux of organic matter as they produce larger fecal pellets,

which have relatively higher sinking rates and carbon

values than other zooplankter (Froneman et al. 2000;

Turner 2002). Hence, information of phytoplankton utili-

zation by copepods is a necessary step for the under-

standing of the mechanisms that regulate phytoplankton

populations in marine ecosystems and the downward

transport of organic matter. Size effects, together with

spatial and temporal heterogeneities of copepod feeding on

phytoplankton have been of major concern in a number of

previous studies (Hansen et al. 1997; Romam and Gauzens

1997; Gowen et al. 1999; Head et al. 1999).

There are several studies of copepod feeding in the wes-

tern Pacific Ocean with examples from the East China Sea

(Wang and Fan 1997), northern Taiwan (Hwang et al. 1998;

Wong et al. 1998), southwestern Taiwan Strait (Tseng et al.

2008c) and Hong Kong Harbor (Tan et al. 2004). So far,

information on copepod feeding on phytoplankton from the

SCS has not been studied as yet. The present study is the first

in situ copepod feeding study in the region of the northern

SCS. The aim of the present study is to reveal the gut chlo-

rophyll a content, evacuation and ingestion rates of dominant

copepods and compare the feeding results of different body

size groups in the northern SCS.

Material and methods

Zooplankton sampling

For the present study zooplankton was collected in the

northern SCS during cruise 563 of Ocean Research Vessel
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III from September 27 to October 2, 1999. The details and

locations of sampling stations are shown in Fig. 1 and

Table 1. A transect line with six stations was chosen

southwest of Taiwan north to the southernmost of the

South East Asia Time Series (SEATS) station. The south-

ernmost station (A6) is the SEATS station. Zooplankton

samples were collected from the upper 5 m of each station

by horizontal tows using 100 lm mesh nets. The conduc-

tivity, temperature and depth (CTD) instrument was used

on board to obtain the relevant physical information of

temperature and salinity before zooplankton tows were

taken. The volume of water filtered through the net was

estimated from the readings of flow meters mounted in the

center of the net opening. After retrieval, the content of the

first tow was immediately preserved in seawater of a 5%

formalin solution, for subsequent copepod identification

and enumeration. The content of a second tow was stored

in a plastic bag and was immediately frozen with liquid

nitrogen. Then, samples were stored at -20�C in the dark

until gut pigment analysis was done. Water samples for

chlorophyll a analysis (Strickland and Parsons 1972) were

collected from 1 to 2 m below the surface.

Copepod size fraction, identification and enumeration

In the laboratory, samples were repeatedly split with a Fol-

som splitter until the sub-sample contained about 300–500

individuals then used to taxonomic identification and enu-

meration. The sub-samples were moved to a scaled glass dish

for the estimation of body length and then fractionated in

three size categories [large ([2 mm), medium (1–2 mm),

small (\1 mm)] using a dissecting microscope. Species

composition and abundances were determined by counting

the adults. Particular references for identification were Chen

and Zhang (1965), Chen et al. (1974) and Zheng et al. (1982).

Only adults of dominant copepod species were chosen for gut

pigment measures which are known from the literature as

‘potentially herbivorous’ and phytoplankton consumers.

Chlorophyll a extraction

Chlorophyll a levels in the seawater were measured as

described in Parsons et al. (1984) as they were widely used

in feeding studies around Taiwan (Hwang et al. 1998;

Wong et al. 1998; Tseng et al. 2008c). The chlorophyll a

was extracted overnight in 90% acetone at 4�C in the dark

(Parsons et al. 1984). Chlorophyll a fluorescence in the

acetone extract was measured before and after acidification

in a Turner Designs Model 10 Spectrofluorometer in the

laboratory at dim light conditions.

Copepod gut pigment contents, evacuation

and ingestion rates

Gut pigment contents of copepods were analyzed fluoro-

metrically, following the method of Mackas and Bohrer

(1976) with the modifications proposed by Morales et al.

(1990). This is an established method to estimate the

copepod gut pigment contents that is widely applied in

copepod feeding studies around the world (Dagg and

Wyman 1983; Atkinson 1994, 1996; Morales et al. 1990).

A similar method was used in feeding studies of northern

Taiwan (Hwang et al. 1998; Wong et al. 1998) and in the

southeastern Taiwan Strait area (Tseng et al. 2008c). The

frozen zooplankton samples were thawed and washed with

0.45 lm filtered seawater to remove adhering algae or

debris before the measurements of the copepods. In the

present study, 33 numerically dominant copepod species

were selected to measure gut pigments. For each measured

Fig. 1 Map of the sampling stations of Ocean Research Vessel III

cruise 563, from September 27 to October 2, 1999. Station A6 is the

South-East Asia Time Series station (SEATS) in the South China Sea

Table 1 Location and sampling time of each sampling station of

cruise 563 in the northern South China Sea

Station Location of station Sampling date, time

Longitude (E) Latitude (N)

A1 119�30.04300 21�50.07600 27 Sep, 16:40

A2 118�52.54400 21�07.04500 27 Sep, 23:45

A3 118�11.03100 20�20.16700 28 Sep, 06:50

A4 117�27.70000 19�35.15000 28 Sep, 14:00

A5 116�47.86000 18�49.91300 28 Sep, 20:00

A6 115�28.55800 18�00.95700 29 Sep, 03:25

Station A6 is the SEATS station
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specimen from one of the three size groups [large

([2 mm), medium (1–2 mm), small (\1 mm)], 10–30

individual copepods were extracted without homogeniza-

tion in 5 ml of 90% aqueous acetone in a refrigerator

maintained at 4�C in the dark (Wong et al. 1998; Hwang

et al. 1998; Tseng et al. 2008c) overnight. The extraction

solution was centrifuged and the upper clear layer was

measured using a Turner Design Model 10 fluorometer in

the laboratory, illuminated with dim light. The extract was

then acidified with 0.1 ml of 10% HCl and measured again.

Due to phaeopigment loss during the experiment, all

phaeopigment values were multiplied by a factor of 1.51

according to Dagg and Wyman (1983). Gut pigment con-

tent was expressed as nanograms chlorophyll a copepod-1,

obtained from the addition of chlorophyll a and phaeo-

pigment (phaeophorbide expressed as chlorophyll a

equivalent) concentrations in the guts.

The gut evacuation rate of each copepod size group was

measured from samples collected at the SEATS station.

Copepods used for gut evacuation rate measurements were

sampled from surface waters, and then transferred to a

maintenance tank with 0.45 lm filtered seawater after

rinsing them with filtered seawater in order to remove algae

that adhered to the copepod cuticles. Modest aeration was

provided to keep copepods alive during the measure of

evacuation rate dynamics. Thereafter, copepod sub-sam-

ples were retrieved at 0, 1, 2, 3, 5, 7, 10, 15, 20, 25, 30, 40,

50, 60, 80 and 100 min from the start to the end of the

study period. Sub-samples were frozen in liquid nitrogen

immediately and stored in a dark refrigerator. In the lab-

oratory, chlorophyll a was measured in situ (in the gut) as

described above. The evacuation rate was calculated from

decreased levels of chlorophyll a in the gut content. The

equation employed is as follows:

Gt ¼ G0e�kt ð1Þ

where Gt is the value of gut content at a given time, G0 is

the value of gut content of the first sample (0 min) and k is

the constant value of evacuation rate.

The ingestion rate was calculated as:

I ¼ kG ð2Þ

where I is the ingestion rate (ng chlorophyll a cope-

pod-1 h-1), k is the constant value of gut evacuation rate as

provided above. And G is the gut pigment content

(ng chlorophyll a copepod-1).

The clearance rate of chlorophyll a per individual was

calculated as follows:

F ¼ I=C ð3Þ

where F is the clearance rate (ml copepod-1 h-1), and C is

the in situ chlorophyll a concentration (ng Chl a ml-1) in

surface waters.

Results

Hydrological structure and CTD profiles

Monthly-averaged information derived from the National

Oceanic and Atmospheric Administration (NOAA) and the

Sea-viewing Wide Field-of-view Sensor (SeaWiFS)

recordings for sea surface temperature and seawater chlo-

rophyll a values for September 1999 are shown in Fig. 2.

The image for sea surface temperatures (Fig. 2a) shows the

region of the northern SCS (rectangle in Fig. 2a, b) with a

relatively high temperature above 28�C. Sea surface con-

centration of chlorophyll a (Fig. 2b) shows the highest

regional distribution along the coast of the mainland of

China, especially in the estuary of Yangtze River, reaching

levels above 10.0 mg m-3. The chlorophyll a concentra-

tion of the northern SCS shows lower values about

0.5 mg m-3. From satellite images it can be concluded that

surface waters toward the northern SCS represent high

temperature and low chlorophyll a concentrations during

the sampling period.

Information about surface seawater temperature, salinity

and chlorophyll a concentration at each sampling station are

provided in Fig. 3. Surface seawater (0–5 m) temperatures at

six stations were ranging from 28.2 to 28.6�C (averaged,

28.4 ± 0.1�C), whereas surface seawater salinities varied

from 33.1 to 33.6% (averaged 33.3 ± 0.2%). The Chl

a concentration of surface seawater for most stations was

low, ranging from 0.018 to 0.031 ng ml-1 (averaged

0.026 ± 0.005 ng ml-1).

Gut evacuation rate (K)

The gut evacuation rates were measured separately for all

three copepod size categories collected at the SEATS sta-

tion. The estimated parameter values of K were 0.022,

0.028 and 0.031, for small, medium and large sized cope-

pods, respectively (Fig. 4).

Copepod gut contents, ingestion and clearance rates

Gut pigment contents of 33 copepod species was estimated

by the gut fluorescence method. The gut pigment content of

copepods varied greatly among species and stations. The

species-specific average gut pigment content, ingestion rates

and clearance rates of large-, medium- and small-size frac-

tions are shown in Fig. 5. In the large-size group, the highest

gut pigment content, ingestion and clearance rates were

recorded in Scolecithrix danae, the values were respectively

7.07 (ng Chl a individual-1), 13.15 (ng Chl a cope-

pod-1 h-1) and 438.33 (ml copepod-1 h-1). And the lowest

record was for Undinula vulgaris with values of 0.61 (ng Chl

a individual-1), 1.13 (ng Chl a copepod-1 h-1) and 40.36
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(ml copepod-1 h-1) for gut content, ingestion rate and

clearance rate, respectively (Fig. 5a). The calanoid Cosmo-

calanus darwini recorded the highest gut content, ingestion

and clearance rates in the middle size group. The values were

2.45 (ng Chl a individual-1), 3.97 (ng Chl a cope-

pod-1 h-1) and 132.33 (ml copepod-1 h-1) for gut content,

ingestion and clearance rate, respectively. The lowest

records were for Temora discaudata with 0.16 (ng Chl a

individual-1), 0.26 (ng Chl a copepod-1 h-1), and 10.40

(ml copepod-1 h-1) for gut content, ingestion and clearance

rate, respectively (Fig. 5b). Among the small size copepod,

the gut contents of most copepods showed values lower than

1 ng Chl a individual-1. The highest gut content and

ingestion rate for the small-size group was for Calocalanus

pavo with values of 1.14 (ng Chl a individual-1) and 1.50

(ng Chl a copepod-1 h-1). The highest clearance rate for

Fig. 2 Monthly-averaged

information derived from

NOAA for sea surface

temperature (a) and SeaWiFS

chlorophyll a (b) of September

1999
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small-size copepods was for Acrocalanus monachus with a

value of 66.11 (ml copepod-1 h-1). The lowest record for

gut content, ingestion and clearance rates in small size

copepods was for Mecynocera clausi with values of 0.07

(ng Chl a individual-1), 0.09 (ng Chl a copepod-1 h-1) and

5.00 (ml copepod-1 h-1), respectively (Fig. 5c).

Totally, we measured 80 samples (including 1,468

individuals), the results showed that large-size ([2 mm)

copepods recorded significantly higher gut pigment con-

tents (1.88 ± 1.89 ng Chl a individual-1) than medium-

size (1–2 mm) (0.87 ± 0.57 ng Chl a individual-1) (one

way ANOVA, P = 0.025) and small size (\1 mm) species

(0.51 ± 0.94 ng Chl a individual-1) (one way ANOVA,

P \ 0.001) (Fig. 6a). The amount of gut pigment in the

medium and in small size fractions did not differ signifi-

cantly (P = 0.401, one way ANOVA) (Fig. 6a). As for the

ingestion rates, large-size copepods showed significantly

higher rates (3.50 ± 3.52 ng Chl a copepod-1 h-1) than

medium-size copepods (1.39 ± 0.93 ng Chl a cope-

pod-1 h-1) (one-way ANOVA, P = 0.001) and small-size

species (0.50 ± 0.35 ng Chl a copepod-1 h-1) (one-way

ANOVA, P \ 0.001) (Fig. 6b). The ingestion rates in the

medium- and small-size fractions did not differ signifi-

cantly (P = 0.09, one-way ANOVA) (Fig. 6b). Large-size

copepods showed significantly higher clearance rates

(125.22 ± 113.02 ml copepod-1 h-1) than the medium-

size group (51.45 ± 30.23 ml copepod-1 h-1) (one-way

ANOVA, P \ 0.001) and small-size species (20.06 ±

14.04 ml copepod-1 h-1) (one-way ANOVA, P \ 0.001)

(b)

S
al

in
ity

 (
o / oo

)

33.1

33.2

33.3

33.4

33.5

33.6

(a)

T
em

pe
ra

tu
re

 (
° C

)

28.1

28.2

28.3

28.4

28.5

28.6

(c)

Sampling station
A1 A2 A3 A4 A5 A6

C
hl

or
op

hy
ll 

a 
of

 
am

bi
en

t w
at

er
 (

ng
 m

l-1
)

0.016

0.018

0.020

0.022

0.024

0.026

0.028

0.030

0.032

Fig. 3 Hydrologic variation for surface seawater of temperature (�C)

(a), salinity (PSU) (b) and Chlorophyll a (ng ml-1) (c) of the six

sampling stations

(a)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

> 2 mm 

y = 2.70 - 0.031 x

r 2 = 0.87

(b)

G
ut

 c
on

te
nt

 (
ng

 C
hl

 a
 c

op
ep

od
-1

)
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1-2 mm

y = 0.95 - 0.028 x

r 2 = 0.88

(c)

Time (minutes)
0 10 20 30 40 50 60 70 80 90 100

0.0

0.1

0.2

0.3

0.4

0.5

0.6

< 1 mm

y = 0.42 - 0.022 x

r 2 = 0.81

Fig. 4 Evacuation rates of three copepod body size groups.

a [2 mm, b 1–2 mm and c \1 mm

332 Helgol Mar Res (2009) 63:327–337

123



(Fig. 6a). The clearance rates in the medium- and small-

size fractions did not significantly differ (P = 0.058, one-

way ANOVA) (Fig. 6c).

The amount of gut pigment contents in 33 copepod

species (including 70 samples and 1,290 individuals) showed

a decreasing trend with increasing water temperature

(Fig. 7a). The gut pigment content values showed a signifi-

cantly negative correlation with temperature (Pearson

correlation n = 70, r = -0.62, P = 0.014; Fig. 7a). This

holds for large-size copepods (Pearson correlation n = 11,

r = -0.87, P = 0.019; Fig. 7a) and medium-size copepods

(Pearson correlation n = 19, r = -0.89, P = 0.012;

Fig. 7a). However, gut pigment content showed a signifi-

cantly positive correlation with the Chl a concentration in

ambient waters (Pearson correlation n = 70, r = 0.62,

P = 0.043; Fig. 7b).

Discussion

Our results might have been affected by size and mor-

phology of potential algal food. Algal cells that are too

large or too small (Brendelberger 1991) can not be ingested

by zooplankton. Apart from the actual cell size, has prey
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Oithona setigera, O. venusta: Oncaea venusta, P. aculeatus: Para-
calanus aculeatus and S.(M.) gracilis: Setella (Macrosetella) gracilis
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hardness a major impact on the ability of copepods to

ingest food particles (DeMott and Tessier 2002). The

architecture and material properties of diatom shells may in

turn provide effective mechanical protection (Hamm et al.

2003), or gelatinous sheaths that prevent digestion by

zooplankter. In addition may be different zooplankter have

specific preferences for food particle size. This is generally

determined by the gape size of the oral appendages. The

lower end of food particle size is set by the mesh size in the

filtering apparatus (DeMott and Tessier 2002).

Copepod gut contents, ingestion, clearance and rates

The gut pigment contents, ingestion and clearance rates of

copepods varied among species and stations of the present

study. Gut evacuation, ingestion and clearance rates

recorded in the present study were within the range of those

reported from copepods collected from other oceans

worldwide (Morales et al. 1990), the studies of the northern

Taiwan coastal area (Hwang et al. 1998; Wong et al. 1998)

and the southeastern Taiwan Strait (Tseng et al. 2008c).

In the present study large-size copepods show signifi-

cantly higher values of gut pigment contents, ingestion rate

and clearance rate than medium-size and small-size species.

The amount of gut pigments in the medium and small size

fractions does not differ significantly. Gut pigment contents

tended to increase with increasing copepod size in several

other studies (Tseng et al. 2008b) as well as with phyto-

plankton concentration and cell size ([10 lm) (Hansen et al.

1997). As other marine zooplankton, copepods graze more

food with increasing body size (Hansen et al. 1997). The

present results are similar to several previous feeding studies

(Hwang et al. 1998; Wong et al. 1998; Tseng et al. 2008c).

Larger copepods may have a bigger gut volume and higher

energy expenditure required for metabolism and, hence, the

value of chlorophyll a in the gut contents increases with

increasing body size (Tseng et al. 2008b).

In our study, the amount of gut pigment contents

showed a decreasing trend (our Fig. 7a), particularly for

large- and medium-size copepods, with increasing water

temperature. This has been elaborated before by Dam and

Peterson (1988). Gut pigment content showed a signifi-

cantly positive correlation with the Chl a concentration in

ambient waters of the present study. Similarly, increasing

gut pigment content and food concentration (Ellis and

Small 1989), or gut pigment content with phytoplankton

concentration and cell size ([10 lm) is shown in other

studies (Froneman et al. 2000).

The present investigation confirms the results of studies

from waters of the southeastern Taiwan Strait where a

significant correlation was recorded between the ambient

chlorophyll a concentration and copepod gut contents

(Tseng et al. 2008c). The authors interpreted the variability

in grazing impact during the study period mainly as a result

of differences in both copepod abundances and copepod

feeding rates, similar to findings of Tan et al. (2004). The

feeding rhythm is an important factor in copepod feeding

behavior. Lee (1999) found that maximum copepod feed-

ing occurred at night for copepods, in both surface and

depths samples. Accordingly, were gut pigment contents

shown to be maximal during nighttime and minimal during

daytime (Saito and Taguchi 1996).

Gut evacuation rates

The rank of gut evacuation rates for each size groups are

similar as in the southeastern Taiwan Strait area (Tseng

et al. 2008c) and depend on body size. Tan et al. (2004)
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obtained slightly higher evacuation rates than the present

study (averaged 0.027 ± 0.005) from the northwestern

SCS close to the area of the Pearl River estuary, compared

to the study in the southeastern Taiwan Strait of Tseng

et al. (2008c) where evacuation rates were lower (averaged

0.015 ± 0.002).

In the present study we did not calculate the feeding

impact of copepods on phytoplankton due to the fact that

copepod compositions were different in two sampling

tows. Some copepod species where the gut contents were

analyzed, could not be identified in the second tow. From

the experience of the present study we suggest to use a

Bongo net for sampling that would decrease the spatio-

temporal effects of asynchronous sampling.

The feeding impact values of the present and previous

studies north to the present sampling area showed a high

variation. In northern Taiwan, Wong et al. (1998) reported

feeding impacts of calanoid copepods on phytoplankton

that ranged from 0.05 to 11% in coastal waters near a

nuclear power plant. Tseng et al. (2008c) reported feeding

impact values in the southeastern Taiwan Strait that ranged

between 0.001 and 0.211%. In contrast, the higher records

in the Pearl River estuary ranged between \0.3 and 75%,

suggesting a lower feeding impact on the phytoplankton

(Tan et al. 2004). Morales et al. (1991) estimated that

copepods consumed \1% of the phytoplankton standing

stock, and lower records of Peterson et al. (1990) reported

that neritic copepods grazed about 1% and midshelf

copepods about 5% of the overall phytoplankton per day.

Since the present study site is close to that in the study of

Tseng et al. (2008c) we expect the grazing impact of

copepods on the phytoplankton in the north SCS to be

similar to the southeastern Taiwan Strait (Tseng et al.

2008c). Both studies were performed in tropical seas at

similar warm water temperature with lower chlorophyll a

concentrations. Comparing the present results to the study

by Tseng et al. (2008c), we confirm the same trend for the

gut contents in three sized copepod groups which show

significantly highest differences in large copepods than

middle and small size copepods. In addition was the gut

content of copepods significantly positive correlated with

the chlorophyll a concentration of the ambient seawater.
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Conclusions

Grazing budgets are likely affected by sources of error

associated with the methods employed. Large mesh sizes for

example will allow smaller sized copepods to escape. A

small size group also includes copepodids and nauplii of

larger growing species that are predominantly herbivorous,

even when the adults are predatory. Grazing budgets com-

monly not consider postembryonic stages (nauplii and co-

pepodids) which resulted in an underestimation of overall

grazing rates by copepod standing stocks.

The measurement of copepod feeding impact on phyto-

plankton should consider sampling timing, which correlates

with the diurnal migration behavior of copepods. Copepod

guts might not be fully expanded since copepods are not

feeding continuously, and sampling time was possibly not

matched with feeding time. It is difficult to ascertain to what

extent the food media used in incubation experiments sim-

ulate a natural situation. Hence, incubation studies would not

provide the true relationship between food availability and

feeding by copepods, unless the gut contents are inspected.

Copepod feeding is dynamic and commonly shows a

remarkable variability. This may explain why some smaller-

size copepods in the present study have relatively more gut

content than larger sized copepods.

Pure herbivory appears to be the exception rather than the

rule in copepod feeding. The type of food seems not only to

be related to taxa, but also to gender, ontogeny, physiological

state as well as to environmental parameters and the type and

quantity of potential diets available in the respective

environments.

Given a heterogeneous assemblage that can be of dietary

use, the question whether copepods feed selectively or non-

selectively is not resolved for most species yet due to

difficulties in identifying their diets (Lapesa et al. 2004).

Although considerable progress has been made in

defining the effects of qualitative and quantitative food

limitation, several questions are still open, especially with

respect to essential and substitutable nutritional resources.

Food quality effects on herbivorous zooplankton were

studied by Urabe and Sterner (2001).
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