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On assessment of prey ingestion by copepods

P.G.Verity and G.-A.Paffenhéfer

Skidaway Institute of Oceanography, 10 Ocean Science Circle, Savannah, GA
31411, USA

Abstract. The consumption of photosynthetic and heterotrophic cells by an abundant calanoid
copepod species feeding on natural plankton communities was quantified with a state-of-the-art
image-analysis system. Late copepodid stages of Eucalanus pileatus did not ingest bacteria, small
photosynthetic and heterotrophic nanoplankton, or the abundant Ceratium spp. in quantifiable
amounts. Although diatoms were by far the most abundant cells (in terms of POC '), the copepods
ingested a higher percentage of ciliates in relation to their abundance than of diatoms and small
heterotrophic dinoflagellates in the first experiment, and ingested a higher percentage of dinoflagel-
lates and ciliates compared to diatoms in the second experiment. Heterotrophic cells sufficiently large
to be captured were repeatedly preferred by E.pileatus over autotrophs of similar or larger size. More-
over, among the cells which could be individually perceived by this calanoid, larger ones were not pre-
ferred over smaller cells, implying that some aspect of food quality can be as significant as prey size.
These results support the notion (e.g. Kleppel, Mar. Ecol. Prog. Ser.,99,183-195, 1993) that feeding by
copepods will be underestimated if ingestion of heterotrophic food organisms is not quantified. While
the proposed microscope-based method is comparatively slow (~1 h per sample), it is the only tech-
nique which provides detailed information on both the size and trophic composition of ingested prey.

Introduction

Despite early reports of omnivorous diets among calanoid copepods (Marshall,
1924; Mullin, 1966; Petipa et al., 1970), the ease of using fluorometry to estimate
rapidly the consumption of phytoplankton in incubation bottles resulted in con-
siderable focus on herbivory. Appreciation of the role of the microbial food web
has emphasized the significance of omnivory, because the sheer magnitude of
secondary production by hetero- and mixotrophic ciliates, dinoflagellates and
nanoplankton (e.g. Lynn and Montagnes, 1991) requires a substantial sink to
prevent massive and rapid accumulation of these micrograzers. The latter is
seldom observed, in fact the biomass of nano- and microzooplankton appears
relatively constant given their growth potential.

Omnivory is characteristic of juvenile as well as adult stages (Stoecker and
Egloff, 1987); estuarine (Gifford and Dagg, 1988), neritic (Turner, 1987a) and
oceanic (Mullin, 1966) taxa; and temperate to tropical species (Landry, 1978;
Petipa, 1978). Recognition of this gustatory diversity is salient from several per-
spectives. Without including dietary contributions from heterotrophic as well as
autotrophic prey, the total ration, biomass and egg production of metazooplank-
ton cannot be predicted or causally related to measures of food availability. More-
over, the role of meso- and macrozooplankton in the structure and function of
pelagic food webs, particularly contributions by key taxa, cannot be elucidated
without fundamental knowledge about their food acquisition potentials, life his-
tories and survival strategies (e.g. Verity and Smetacek, 1996).

The question of contemporary importance, however, is how to quantify
omnivory? Examination by brightfield microscopy of the composition of prey
communities before and after their modification by meso- and macroconsumers
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TableL. Feeding experiments with adult male (M), female (F), and copepodid (C) stages of Eucalanus
pileatus

Exp 27-28 June 1994 Exp. 30 June-1 July 1994
Collection Site 36°00'N, 75°25'W 36°10'N, 75°16'W
Isobath in situ 2lm 30m
Temperatures 22.5t024.5°C in upper 18 m 22°Cin upper 14 m
Exp. Temperature 217 21.5
Replicate Bottle A B C A B
Estimated Number I8CIIVIV 24 CHII/IV  12CHITV 1 CHI 7 ClII
and stages of 15 CIV 7CIV
copepods at start
At end of experiment IM,1F 2M,2CIII, 2M,1Cl, 1M, 1F, 2 CII,
ICIIL4CIV, 4CIV,16CV 3CIV,7CV 15CIV,8CV 8CIV,4CV
11CV

has long been the standard method. However, this laborious and somewhat sub-
jective approach (in terms of biomass estimation as well as separating auto- from
heterotrophic prey) is at odds with the current interest in measuring biological
variables at time and space scales commensurate with the driving physical forces.
Other newer techniques, such as high-pressure liquid chromatography (HPLC),
can provide chemotaxonomic information about phytoplankton which are poten-
tial prey (Strom, 1993; Waterhouse and Welschmeyer, 1995), but not specific data
on various non-plastidic prey. With the development of fluorescence microscopy
adapted specifically for relatively rapid, precise, and accurate determination of the
abundance, size distribution, and biomass of auto- and heterotrophic plankton
(Sieracki et al., 1989a,b; Verity and Sieracki, 1993; Verity et al., 1993), it has become
possible to relate in detail the effects of grazers on potential prey fields. Here, we
report initial observations of the feeding of late copepodid stages of the sub-
tropical calanoid Eucalanus pileatus on natural particle assemblages. The data are
limited to two experiments, the results of which are part of a larger study being
conducted through 1996. The purpose here is to describe in detail the method for
analysis of the prey community, and offer insights into the power of such a com-
prehensive tool. The importance of Eucalanus in the zooplankton food web will
be described elsewhere; general plankton relations in this region during spring are
presented in Verity et al. (1996a).

Method

Eucalanus pileatus is among the abundant calanoid copepods in subtropical
neritic waters (Bowman, 1971; Binet, 1977; Valentin, 1984; Madhupratap and
Haridas, 1986; Turner, 1987b). During the latter part of June 1994, E.pileatus
occurred abundantly between 35°30’ and 36° 30’ on the continental shelf north of
Cape Hatteras. Copepods were collected in tows lasting 34 min with a net of 202
pm mesh and a 4-1 codend, while the ship was drifting. Microscope observations
confirmed that the E. pileatus were undamaged and each had a visible oil globule.
Within 60 min, batches of 12-24 animals (see Table I) were transferred into three
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