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Microscale Patchiness of Nutrients in Plankton Communities

Abstract. Awtoradiography was used 1o identify the presence of nuirient parches
produced by zocplankton. Algal cells which encounter patches aof phosphorus-33
refeased by swimming animals accumudate more label than cells that do not enter the
patches. Differential labeling of algae does not occur when turbulence in the fluid is
increased by stirring. Nutrient patchiness at the scale of millimeters or fess in nature
probably influences the course of competition and coexistence among the phyio-

plankron.

Phytoplankton in lakes and oceans
probably experience nutrient environ-
ments that are variabie at small scales.
Differences in  competitive  success
amonyg species of algae may depend in
part on their relative abilities to profit
from brief encounters with nuirient-rich
patches produced by zooplankion. This
view complemenis those about species
structure and population dynamics of
phytopiankion commuaities that have
been extrapolated from results of contin-
uous aigal culture (f). Suggestions that
competition In pature is mimicked in
cuiture systems (2) rely on the assump-
tion that eavironmenial concentrations
are homogeneous, like those of well-
mixed culiures.

Because inorganic phosphorus in fresh
waters and iporganic mitrogen in ocean
waters are often nndetectable by con-
ventional means (3), it may seem reason-

" able that popuiations succeed through
their relative abilities {o obtain limiting
nutrients from constant near-zerc ¢on-
centrations as they do in coatinuous al-
gal cultures. Heterogeneity in supplies of
limiting nutrients, however, can theoreti-
cally lead to changes in the biotic fabric
of planktfon communities, and some lab-
oratory studies have shown this #4),

A crucial questior is whether or a0t
the requisite patchiness occurs in nature.
The answer depends in part on the iden-
tity and importance of patch-gencrating
processes. That swimming zooplankton
might create autrient micropatches of
crucial importance to oceanic phyto-
plankton has been suggested (5) and sub-
sequently attacked on the ground that

dispersion is too rapid at smali scales for

the proposed mechanisms {0 work (6).
Some investigators state that microzones
“could not supply the nutrient require-
ments of phytopiankton (7). Our work
on lakes Washirgton and Ontario has

SCIENCE, VOL., 216, 14 MAY 1982

shown that autrients released from crus-
tacean zoopiankton through egestion and
excretion provide the major share of
those used by phytoplankton during
summer months (8). We now report that
phytoplankton obtain some nulrients
from micropatches,

To determine whether algae bepefit
from zones of nutrient enrichment near
animals, we prepared adult females (2
mm long} of the freshwater cladoceran
Daphnia pulex by feeding them heavily
iabeted celis of the green aiga Anmkis-
frodesmus falcatus for 2 days to achieve
body burdens of about § uCi of P, The
animals were well rinsed ia cell-free non-
radioactive mediurm, and groups of ten
were transferred by pipette to two ex-
perimental vessels, each of which con-
tained 10° cells per milliliter of Chiam-
vdomaonas reinhardti i 300 mi. The
Chlamydomonas had been suspended
for 2 days before the experimesnts in
guiture medivm free of added phospho-
rus so that their cellular reserves of
phosphorus were reduced (93,

One experimental vessel was mixed
with a magnetic stirring bar (300 rev/min}
s¢parated from the animals by Nitex

netting to avoid imjury to them. The
second vessel was aot stirred. Although
they were not iniured, the animals that
were stirred released phosphorus some-
what faster than those in the unstirred
treatment, as judged by lguid scintilia-
tion counts and autoradiographic analy-
ses. In low light (0.169 uE m~% sec™!,
406 to 700 nm} the animals swam
throughout the volume of both vessels.

A third vessel containing algae but no
animals was mixed vigorously (670 rev/
min), and at intervals of 2 minutes we
tniected 10 wl of sterife water containing
.01 uCi of PP and 0.1 amole of PO,. We
calculated these additions to match ex-
pected release rates from the animals,
which were determined from preliminary
experiments. Dye studies had shown
that the mixing was sufficient to disperse
added substances almost instantly.

After 30 minutes the contents of the
vessels were- poured through Nitex
sieves, which retained the animals, into
heakers containing 1 ml of acid Lugol's
preservative, The duration of the experi-
ment was set to ensure, on the basis of
theoretical expectations and preliminary
experiments, that fewer than 20 percent
of the algal cells in the unstirred vessel
would encounter autrient patches pro-
duced by the animals. The interval was
also short enough so that no egestion of
intact celis of Chlamydomonas couid be
detected. Samples of | mi were drawn
immediately through 0.45-um Millipore
filters which were then prepared for
track autoradiography, We used Kodak
NTB-3 emulsion and recorded tracks as
five or more silver grains along a trajec-
tory. The tracks record the paths taken
by individual B particles emitted from
decaving P nuclei.

Frequency distributions of observed B
tracks per cell (Table i) suggest that all
cells werg equally Iabeled in the two
mixed vessels (treatments | and 3) and
that the amount of *P per cell was
variable in the unstirred vessel {treat-

TFable {, Frequency distributions of 8 tracks per cell (observed) and Poisson distributions with
identical means (predicted) (169, Treatment 1, stirred vessel with Daphnia as VP source;
treatment 2, unstirred vessel with Daphaie as **P source; treatment 3, stirred vessel without
Daphnia and with P added at intervats; 309 cells were counted for each (reatment.

Distribution (number of celis)

Tracks

Trestment Treatment 2 Treatment 3
percell
Observed Predicted Observed Predicted Observed Predicted

0 180G 1790 248 2336 iB3 180.8
H 91 92.5 12 58.4 &G 21.6
2 23 PR i7 7.3 22 232
3 é 4.1 3 HE 5 39
4 9 0.5 f G.04 H 0.5

' Significance level

63 1.1 % $0~7 Bl
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ment 2). Because the fracks represent
“individual events of radionuclide decay,
a Poisson distribution of tracks per cell is
expected if all the cells contain an identi-
cal amount of radioisotope. Treaiments i
and 3 foliow the Poisson model. The
observed distribution of 3 tracks in treat-
ment 2, however, differs indisputably
frem a Poisson distribution (F = 17}
There are more celis with no tracks as
weil as with two or three tracks than can
be matched by a Poisson distribution
(1)), This finding suggesis that the aigal
cells became iabeled differentially while
they were in the presence of the radioac-
tive amimals., Most cells were weakly
labeted but a few apparently encoun-
tered patches enriched with PO, re-
jeased by the swimming animals., With-
out artificial stirring the patches persist-
ed long enough for the algal cells to
exploit them. When the solution was
stirved, ail cells were labeled equally,
indicating that the patches can be dis-
persed fast enough by artificial stirring to
make the isotope equally available to all
cells.

The results from the track auvtoradiog-
raphy were corroborated by independent
experiments in which a thin emuision
layer of Kodak NTB.2 nuclear emulsion
was used and graip distributions con-
structed. In this case the model distribu-
tion tested is aot Poisson but Neyman's
type A {/1). The distribution of tracks or
grains matched that of the respective
model for stirred {reatments but was
moye skewed than the model in unstirred
treatments.

The unstirred treatments we used are
more representative of natural communi-
ties than the stirred treatments. When
turbulent crergy spectra, length scales of
diffusivity, and the characteristics of fiu-
id fiow arcund microzooplankton are
considered the prominent mechapism of
dispersion in lakes and the open ocean at
scales of a millimeter or iess arises from
moiecular processes (/2). Microcinema-
tography has shown that the Buid envi-
ronment around feeding Daphnia and
both marine and freshwater copepods is
viscous (13, Our results show that natri-
ent patches produced by zooplankton
exist long encugh for aigae which en-
counter them f¢ absord more nulrient
than do afgae outside the patches, Using
estimates of swimming speed and phos-
phorus release for Daphnia {14), we cal-
culated characteristics of the nutrient
micropatches produced by the animals,
As judged by their uptake physiology.
the Chiamydomonas can augment their
cell quota by as much as i2 percent per
encounter. Such circumstances place a
premius on the maximal rates at whick

730

cells can sequester the enriched nutrient
rather than on the efficiency with which
they can gather the autrient whes ambi-
ent values are low. An important force
structuring species composition in phy-
toplankton communities when plankton-
ic herbivores are abundant may not be
merely differential mortality imposed by
the herbivores but also differential abili-
ties of the algae to exploit shori-lived
nutrient patches that are rare but de-
pendabie.
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