Marine Biology 67, 283288 (1982)

MARINE BIOLOGY
© Springer-Verlag 1982

Estimating the Grazing Impact of Marine Micro-zooplankton *

M.R.Landry and R. P. Hassett

School of Oceanography, WB-10, University of Washington; Seattle,

Abstract

This paper describes a dilution technique for estimating
the micro-zooplankton grazing impact on natural com-
munities of marine phytoplankton, Experiments performed
in coastal waters off Washington, USA (October, 1980),
yield estimates of micro-zooplankton impact equivalent to
6 to 24% of phytoplankton standing biomass and 17 to 52%
of production per day. Indirect evidence suggests that most
of this impact is due to the feeding of copepod nauplii and
tintinnids; in contrast, non-loricate ciliates, com-
prising 80 to 90% of numerical abundance, appeared to
contribute little to phytoplankton mortality.

Introduction

The micro-zooplankton is the component of the marine
plankton consisting of Protozoa and Metazoa which pass a
200 um mesh screen (Dussart, 1965). These organisms are
individually inconspicuous, rarely dominate zooplankton
biomass, and, consequently, receive less attention than lar-
ger zooplankton; even so, their role in marine food webs
may be significant since, by virtue of small size, they have
disproportionately high specific rates of growth, metab-
olism, and feeding (Zeuthen, 1947; Johannes, 1964; Fen-
chel, 1974; Heinbokel, 1978 a). Moreover, micro-zooplank-
ton generally feed on the smaller sizes of particulates,
which are not utilized efficiently by large consumers; thus,
the micro-zooplankton, as trophic intermediates, make the
considerable production of nanno- and ultraplankton ac-
cessible to higher order consumers (Beers and Stewart,
1967; Parsons and LeBrasseur, 1970; Berk ef al., 1977).
The magnitude of the micro-zooplankton grazing on
marine phytoplankton has usually been estimated indi-
rectly from production budgets of phytoplankton (e.g. Ri-
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ley, 1956) and energetic requirements of organisms
based on size (e.g. Beers and Stewart, 1971). Only recently’
have efforts been made to measure grazing impact more
directly. One approach is to extrapolate from laboratory-
determined feeding relationships to field situations of
known species abundances of micro-zooplankton and size
composition of potential prey (e.g. Heinbokel and Beers,
1979). Given the difficulty of individually manipulating
tiny organisms in diverse, natural assemblages of plankton,
this approach is frequently the only viable alternative for
estimating the grazing impact of particular species or
groups (e.g. tintinnids) of micro-zooplankton whose feed-
ing rates, behavior, and prey preferences are adequately
known from laboratory studies. However, few such experi-
mental data exist for most groups of micro-zooplankton,
including the abundant oligotrichs; therefore, the ap-
proach, in addition to being laborious, is generally unsuit-
ed for the estimation of total micro-zooplankton impact on
phytoplankton. '

A more direct technique for estimating micro-zoo-
plankton feeding rates in nature was presented by Capriulo
and Carpenter (1980). The natural assemblage of plankton
is divided into two size components: one fraction, which
passes a 35 ym screen, contains few micro-zooplankton but
the majority of their preferred food and serves as a control;
the other fraction (prescreened through 202 um netting to
remove macro-zooplankton) is concentrated behind a
35 um screen to 5-10 times the natural density. Grazing
rates are measured, relative to the control, in a mixture of
the smaller and larger size fractions. One drawback of this
technique is that phytoplankton abundance and size com-
position differ between experimental and control contain-
ers; therefore, interpretation of grazing impact from gen-
eral measures of phytoplankton biomass (e.g. chlorophyll
concentrations) is ambiguous; i.e., one Presumes that the
measured disappearance of chlorophyll was from the smal-
ler size fraction. An even more important limitation is that
the technique measures grazing impact not for the entire
micro-zooplankton community but only for the size frac-
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tion retained by a 35 um screen. For example, non-loricate
ciliates, which generally dominate the micro-zooplankton
(Beers and Stewart, 1970; Beer e al, 1975), are not re-
tained, even by mesh as small as 20 um (Smetacek, 1981).
‘The apparent dominance of tintinnids in samples concen-
trated by Capriulo and Carpenter (1980) may be the result
of this retention problem.

In the present paper, we report on an experimental
technique for measuring the natural grazing impact of mi-
cro-zooplankton communities, and give the results of
initial experiments performed in the coastal waters of
Washington state, USA. The relatively simple technique is
based on dilution of natural seawater rather than concen-
tration or fractionation and involves minimal handling of
the live plankton sample.

Materials and Methods
Theoretical Considerations

We made three assumptions regarding the interactions
among nutrients, phytoplankton, and micro-zooplankton
in the sea. First, we assumed that growth of individual phy-
toplankton is not directly affected by the presence or ab-
sence of other phytoplankton per se. The implication of this
assumption is that a reduction in the density of cells in
natural seawater will not, in and of itself, directly cause a
change in the growth rate of remaining cells. Second, we
assumed that the probability of a phytoplankton cell being
consumed is a direct function of the rate of encounter of
consumers with prey cells. This implies that consumers are
not food-satiated at natural prey densities and that the
number of prey ingested by a given consumer is linearly re-
lated to prey density. Third, we assumed that change in the
density of phytoplankton, P, over some time, ¢, can be rep-
resented appropriately by the exponential equation.

P, =P, k80 1)

where k and g are instantaneous coefficients of population
growth and grazing mortality, respectively. This is a com-
mon assumption in most feeding studies involving plank-
ton. A constant growth coefficient, &, follows from our first
assumption if concentrations of nutrients and other growth
factors remain approximately constant (and/or nonlimit-
ing). According to our second assumption, the mortality
coefficient g varies directly with the density of consumers
but is not affected by changes in phytoplankton concentra-
tions. The coefficients & and g may vary with time of day
without affecting our comparisons of growth rates of
natural phytoplankton in different dilutions over a fixed
period of incubation.

Given our three assumptions, we now consider the im-
plications of diluting natural seawater containing both
phytoplankton and small consumers with filtered seawater
from the same source. The instantaneous growth rate of in-
dividual phytoplankton cells should not change according
to our first assumption, provided that nutrient levels do not
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change appreciably during the incubation. However, the
instantaneous rate of phytoplankton mortality should de-
cline in direct proportion to the dilution effect on consum-
er density. That is, although individual consumers continue
to have a constant impact on the phytoplankton popu-
lation (measured, for example, as clearance rate per con-
sumer), the combined impact of the consumer population
is less because there are fewer consumers.

Rates of phytoplankton growth and grazing mortality
can be inferred from observed changes in population den-
sity following incubations of different dilutions of natural
seawater. For example, given a dilution series consisting of
unfiltered to filtered seawater in the ratios 1:0 (100% un-
filtered seawater); 3:1 (75%); 1:1 (50%); and 1:3 (25%), the
appropriate equations describing the changes in phyto-
plankton over time, ¢, are: P,= Poe®*8" (ie., 1/1 In

(P/Py) = k-10g), P, = Puek0T8 (e, 1/t In
(P/P) = k=075g), P, = Pue®k038 (ie 1/t In
(P/Py) = k-05g), P, = Puet0¥8 (ie, 1/t In

(P/Py) = k-025g). In this series of equations, the ob-
served rate of change of phytoplankton density at the dif-
ferent dilutions is linearly related to the dilution factor
(decimal fraction of unfiltered seawater). The negative
slope of this relationship is the grazing coefficient g; the
Y-axis intercept is the phytoplankton growth rate k. It is
not necessary to perform experiments at many different di-
lution levels in order to estimate growth and grazing coef-
ficients; the observed rates of change of phytoplankton
density at any two dilution levels will yield two equations
with two unknowns which can be solved explicitly for g
and k. Linear regression analysis, however, will provide es-
timates of confidence limits for the coefficients.

Experimental Design and Analysis

The preceding experimental design for estimating micro-
zooplankton grazing was tested on a cruise aboard the R. V.
“Wecoma” in coastal waters off Washington during Octo-
ber, 1980. Experiments were performed at 3 stations over-
lying water column depths of 20, 50, and 200 m and rang-
ing from 7 to 50 km from shore.

A Phoebe bottle was used to collect approximately 80
to 90 liters of seawater from 3m depth for each experi-
ment. Half of the water was filtered through a 0.45 um Mil-
lipore filter held in a large volume filtration apparatus.
This filtered water was then combined with the remaining,
unfiltered seawater in ratios of 1:0, 3:1, 1:1, and 1:3 unfil-
tered to filtered water. Five 2-liter glass reagent bottles
were filled with each dilution mixture. To insure that nu-
trients would be equally available to phytoplankton at all
dilution levels, excess nitrate (10 ug-at17*) and phosphate
(1 pg-at1™) were added to each bottle. In each experiment,
several additional bottles of the different dilution levels
were prepared without the addition of nutrients. All re-
agent bottles were sealed without air bubbles and attached
to a rotating wheel contained within a large, clear plastic,
water-cooled incubator aboard the research vessel. The
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bottles were then allowed to incubate at ambient light
levels and subsurface water temperatures for 24 h.

In a variation on the basic experimental design, the 4
dilution mixtures in one experiment were also dispensed in
iriplicate into l-liter volume dialysis sacs (Spectrapor 2,
64 mm diameter, 12000 MW cutoff). The sacs were in-
dividually placed into nylon mesh bags, tied to a line so
that they would be suspended 3 m below a surface buoy,
and incubated in situ for 24 h.

At the start of all experiments, dilution mixtures were
sampled for nutrients — (nitrate, nitrite, ammonium, phos-
ohate, and silicate), chlorophyll a, and abundances of
micro-zooplankton (preserved in Lugol’s iodine fixative).
[ndividual bottles were sampled for chlorophyll content at
‘he end of experiments; generally, only experimental con-
ainers that initially contained 100% unfiltered seawater
vere sampled for final nutrients and micro-zooplankton.
Nutrients and chlorophyll were analyzed according to
nethods in Strickland and Parsons (1972) and Lorenzen
1966), respectively. Micro-zooplankton abundance from
iettled volumes of 100 ml per sample was measured with
w inverted microscope.

The apparent growth rates of phytoplankton in individ-
1l reagent bottles were calculated from Eq. (1) using chlo-
ophyll as the measure of phytoplankton standing stock.
nstantaneous coeflicients of phytoplankton growth (k)
ind micro-zooplankton grazing (g) were determined from
east-squares and linear regression analysis of the relation-
hip between the rate of change of chlorophyll and the
raction of unfiltered seawater in the various bottles. Clear-
ince rate estimates, expressed as ml animal™ d~?, were cal-
:ulated by dividing the estimate of the micro-zooplankton
pazing impact by the density of micro-zooplankton, de-
ermined from microscopical counts.

tesults

lhe results of three experiments testing the dilution ap-
roach to estimating the grazing impact of micro-zoo-
lankton communities are presented in Fig. 1. In Exper-
ment | A, a grazing coefficient of 0.278 d~' was deter-
nined from the regression equation (95% confidence in-
erval for g = 0.189 to 0.367). This level of grazing activity
orresponds to a loss of approximately 24% of phy-
oplankton standing crop per day (17 to 31%). The growth
oefficient for phytoplankton was 0.628 d~1, somewhat less
han one doubling per day. Generally, because nutrients
/ere added to the experimental containers, we would not
xpect the calculated growth coefficient from the dilution
xperiment to reflect accurately the growth rate of phy-
splankton in the field. Interestingly, however, the dialysis
ac variation of Experiment 1 (i.e., I B) gave a similar esti-
1ate of phytoplankton growth rate which would suggest
hat, at the time of this experiment, the field population
/as not nutrient-limited. Therefore, if we assume an in situ
hytoplankton growth rate of 0.628 d™ and steady state,
1e micro-zooplankton grazing effect measured in Exper-
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Fig. 1. Results of 3 dilution experiments performed off the outer
coast of Washington in Octaber, 1980 to estimate micro-zooplank-
ton grazing impact on marine phytoplankton, Experiments 1 A, 2,
and 3 were conducted using on-deck incubation techniques; Ex-
periment 1B was conducted in siru using dialysis sacs. Filled cir-
cles: bottles with added nutrients (except dialysis experiment);
open circles; botiles without added nutrients. Lines are fit by least-
squares to the points. Py, initial phytoplankon density; £, density
at time ¢

iment 1 A accounts for a daily loss of about 52% of pro-
duction.

Eight of 12 dialysis sacs nsed in Experiment 1B were
recovered undamaged and, of these, 7 yielded apparent
growth rates which were in the range observed for similar
dilutions in Experiment 1A (Fig.1). However, the one
divergent data point, the only sac recovered with undiluted
seawater, contributed substantial variability to the regres-
sion analysis. The resulting average of the grazing co-
efficient, 0.174, has broad confidence limits and, while not
statistically different from the estimate of g in Experiment
1A, was only marginally different from zero
(0.05< p <00,

Experiments 2 and 3 yielded estimates of instantaneous
mortality for phytoplankton (95% confidence limits) of
0.065 d7* (-0.042 to 0.172) and 0.123 d™* (0.045 to 0.203),
respectively, corresponding to grazing impacts of 6 and
12% of phytoplankton standing stock per day. Only the
estimate for Experiment 3 was significantly non-zero
(0.001 < p < 0.01). Assuming (I) steady state and (2) that
experimentally determined growth rates were similar to
those at ambient nutrient levels (evidence for which is pre-
sented below), we calculated that the grazing coefficients
from Experiments 2 and 3 account for losses of 17 and 26%
of daily phytoplankton production, respectively.






