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Clonal Coexistence in Daphnia pulex (Leydig):

Another Planktonic Paradox

Abstract. Allozyme variation is common in populations of Daphnia pulex repro-
ducing by obligate parthenogenesis. The genetic diversity within populations results
Sfrom the coexistence of genetically different clones. Twenty-two clones were recog-
nized in the eleven populations surveyed, of which as many as seven were found in a

single habitat.

A shallow well-mixed lake or pond
is typically inhabited by a number of
phytoplankton species, all competing for
light and nutrients. Hutchinson (/)
termed this the “‘paradox of the plank-
ton,”’ pointing out that such coexistence
seems to violate the principle of com-
petitive exclusion. Explanations of
phytoplankton diversity have empha-
sized temporal and spatial heterogeneity
in the environment (/, 2) as well as the
possibility that algal populations are lim-
ited by an array of nutrients (3). In con-
trast to the phytoplankton, early studies
suggested that coexisting zooplankton
species occupied distinct niches. Hutch-
inson (), for example, pointed out that
coexisting copepods generally differ
widely in size and suggested that these
size differences were correlated with the

utilization of different resources. Recent
work on cladocerans has clouded the is-
sue. It is now recognized that many of
the ‘‘species’’ described by classical sys-
tematists are species complexes (5).
These morphologically similar species
not only coexist but also use similar re-
sources, despite the fact that populations
are often resource-limited (6). The limits
to coexistence are not clear. Genetic
studies on Daphnia magna have shown
that large numbers of clones often coex-
ist (7). However, as this species is ca-
pable of sexual reproduction, it can be
argued that clonal coexistence is short
term, for new clones may enter the popu-
lation from sexual eggs.

We now report the results of a study
of allozyme variation in natural popula-
tions of Daphnia pulex, one of the most

common zooplankters in pond habitats
throughout Eurasia and North America.
This species is normally thought to re-
produce by cyclical parthenogenesis (8,
9). Species of Daphnia reproducing in
this fashion produce both partheno-
genetic (/0) and sexual eggs. The sex-
ual eggs are enclosed within a protec-
tive structure known as an ephippium
and must be fertilized if they are to de-
velop. Some species such as D. mid-
dendorffiana and D. cephalata produce
their ephippial eggs parthenogenetically
—they are obligate parthenogens. There
have been a few reports of populations
of D. pulex reproducing in this fashion
(/1). We find that such asexual popula-
tions are not rare; all of our populations
reproduce by obligate parthenogenesis.

We studied nine populations in-
habiting ponds in urban or farmland hab-
itats in southwestern Ontario, and two
others in natural woodland pools. The
habitats were filled with water only dur-
ing the spring and early summer. The
populations were sampled in the early
spring shortly after their reestablishment
from ephippial eggs.

Specimens for electrophoresis were
stored alive at 5°C and used within 4
days of collection. The electrophoretic
studies were carried out on single indi-
viduals. At least 48 individuals were an-
alyzed from each population for the follow-
ing enzymes: fumarase (FUM), glucose-
6-phosphate dehydrogenase (G6PDH),
lactate dehydrogenase (LDH), malate
dehydrogenase (MDH), phosphoglucose
isomerase (PGI), phosphoglucomutase
(PGM), tetrazolium oxidase (TO), xan-
thine dehydrogenase (XDH), amylase
(AMY), and glutamate oxaloacetate trans-
aminase (GOT) (/2). Laboratory clones
were established from at least 24 ran-
domly chosen parthenogenetic females
from each population (/3). These clones
were used to determine associations be-
tween genotypes at different loci.

Table 1. Genotypic frequencies at four polymorphic loci in populations of Daphnia pulex from southwestern Ontario. Frequencies were deter-
mined by electrophoresis of samples from single individuals taken directly from the populations. AMY 2 data are absent because of scoring

difficulties.
LDH PGI PGM AMY1
Population

N SS SF N SS SF FF N SS SM MM MF FF N SS SM MM MF FF
Cedar Springs 192 .005 .995 278 .126 .126 .748 189 .646 339 .016 50 .02 .04 .94
Charing Cross I 72 1.00 134 746 254 118 .263 729 72 1.00
Charing Cross 11 48 1.00 202 .03 .97 174 983 .017 44 1.00
Cottam 309 .89 11 216 023 977 201 .06 264 677 117 .12 .88
Kingsville 120 1.00 168 1.00 168 .006 -.030 .964 141 .028 .035 .936
Windsor I 222 356 .644 95 1.00 287 .631 .369 71 .028 761 211
Windsor I1 191 1.00 120 1.00 217 .350 .650 120 658 .347
Windsor I11 186 .027 973 96 1.00 216 .926 .014 .060 167 .042 946 .012
Bloomfield 96 1.00 96 1.00 96 1.00 72 1.00
Rondeau I 96 1.00 96 26 .74 72 .028 .042  .333 .597 72 .014 .986
Rondeau II 72 1.00 48 75 .25 47 .021 .021 .191 .745 .021 48 .104 .896
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No allozyme variation was detected at
six of the loci (FUM, G6PDH, MDH,
TO, XDH, GOT), but variation was fre-
quent at the other five (/4). Two LDH
phenotypes were observed; the homo-
zygote pattern had three widely spaced
bands (/5) and the heterozygote pattern
had nine bands. Two alleles were present
at the PGI locus, and all three expected
phenotypes were seen. Three alleles
were present at the PGM and AMY 1
loci and at each locus five of the six pos-
sible phenotypes were seen (SM hetero-
zygote absent at PGM and SS homo-
zygote missing at AMY 1). There were
also three alleles present at the AMY 2
locus, but only three of the six possible
phenotypes were seen (missing were SS,
FF, SF).

Genotypic frequencies-varied markedly
among the populations (Table 1). At the
LDH locus, some populations contained

only the LDH homozygote, while others
contained only the LDH heterozygote.
Where both LDH genotypes were pres-
ent, their relative frequencies varied
among the individual populations. Geno-
typic frequencies often deviated marked-
ly from Hardy-Weinberg expectations.
Heterozygote excesses were noted at
some loci, and deficiencies at others.
For instance, all individuals in the
Windsor 11 population were heterozy-
gous at the LDH locus, but heterozy-
gotes were lacking at the PGM locus
despite the presence of two different
homozygotes.

When clones were scored for their
phenotype at the five polymorphic loci,
clear associations of genotypes at dif-
ferent loci were detected (Table 2). In the
Windsor I population all clones homo-
zygous at the LDH locus were PGM-
MM homozygotes, while most of the

Table 2. Clonal complements of the eleven populations. These data were obtained by elec-

trophoresis of clones isolated from natural populations.

. Genotype
Population Clone Frequency "
LDH PGM PGI AMY 1 AMY 2

Cedar Springs 1 37 SF SS FF MF MM
2 3 SF MM FF MF MM

3 1 SF MM SS MF MM

4 1 SF MM SS MF SM

S 2 SF MF FF MM SM

6 2 SF MM SF MF SM

7 1 SF MF FF SM MM

Charing Cross 1 6 33 SF MM SF MF SM
1 15 SF SS FF MF MM

Charing Cross 11 1 23 SF SS FF MF MM
6 1 SF MM SF MF SM

Cottam 8 41 SS MF FF FF MM
9 34 SS MM FF FF MM

1 5 SF SS FF MF MM

6 S SF MM SF MF SM

10 11 SS MF FF FF MF

Kingsville 11 94 SF MF FF MM MF
12 2 SF MM FF SM MM

Windsor | 1 39 SF SS FF MF MM
13 6 SS MM FF FF Null

12 2 SF MM FF SM MM

Windsor I1 12 58 SF MM FF SM MM
1 38 SF SS FF MF MM

Windsor 111 1 68 SF SS FF MF MM
11 3 SF MF FF MM MF

14 1 SF SS FF MM MF

Bloomfield 6 48 SF MM SF MF SM
Rondeau I 15 27 SS FF FF FF Null
8 14 SS MF FF FF MM

16 2 SS MM SF FF MM

17 2 SS SS FF FF MM

18 1 SS FF SF FF MM

19 1 SS MF SF FF MM

20 1 SS MF FF MF MM

Rondeau I1 19 13 SS MF SF FF MM
8 7 SS MF FF FF MM

17 1 SS SS FF FF MM

21 1 SS SM FF MF MM

16 1 SS MM SF FF MM

22 1 SS FF FF MM
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clones heterozygous at LDH were PGM-
SS homozygotes. Similar associations
were noted in the other populations. In
one population only a single clone could
be recognized, whereas in the Rondeau I
and Cedar Springs populations seven dif-
ferent clones were present. In most habi-
tats there were only two or three com-
mon clones. In the 11 populations, 22
different clones were detected. Certain
clones were much more common than
others. For example, clone 1 was present
in seven of the nine urban and farmland
ponds.

Temporal changes in clone frequen-
cies were observed in two populations
that were reanalyzed on several occa-
sions. When the Charing Cross popu-
lation was first analyzed in May 1978,
clone 1 made up 94 percent of the popu-
lation, but in June 1978 its frequency had
declined to 25 percent. In 1979 clone fre-
quencies also shifted seasonally, but in
the opposite direction to that noted in
1978 —clone 1 increased in frequency
from 20 percent in April 1979 to 68 per-
cent in June. Changes in clone frequen-
cies were also noted in the Windsor I
population. In early April of 1979, clone
13 made up 31 percent of the population,
42 percent in late April, and 27 percent in
early May, but it was absent from a
sample of 144 individuals taken at the
end of May.

Our study has shown that allozyme
variation is prevalent in natural popu-
lations of Daphnia pulex. Yet several
lines of evidence indicated that our pop-
ulations were reproducing by obligate
parthenogenesis. Males were absent
from populations during periods of
ephippia production and, in the laborato-
ry, isolated females released ephippial
eggs (/6). These unfertilized eggs were
viable, and individuals hatching from
them had the maternal genotype. Geno-
typic characteristics of the populations
were also not compatible with the as-
sumption that ephippial eggs were pro-
duced sexually. Prior work on allozyme
variation in cyclical parthenogens has
shown that genotypic frequencies at
single gene loci are usually in good
agreement with Hardy-Weinberg ex-
pectations in populations that have just
been reestablished from ephippial eggs
(17). The present populations show gross
Hardy-Weinberg disturbances as did
those studied by Berger and Sutherland
(9). These deviations cannot be ex-
plained by any form of assortative mat-
ing because genotypic frequencies at
some loci show a heterozygote excess,
whereas other loci show a heterozygote
deficiency. These large Hardy-Weinberg
deviations, plus the observation of
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marked multilocus disequilibrium, sup-
port the view that the populations of D.
pulex were not capable of sexual repro-
duction.

The demonstration that D. pulex popu-
lations consist of genetically different
clones raises significant evolutionary and
ecological problems. The nonoccurrence
of competitive exclusion suggests that
the relative fitnesses of clones are un-
stable. The situation seems to be one
of contemporaneous disequilibrium, in
which environmental changes shift geno-
typic fitnesses before exclusion results.
The coexistence of clones needs to be
considered in relation to current views
on the limits to niche overlap. Studies on
vertebrate communities have suggested
that there are constraints on the amount
of resource overlap allowable between
coexisting species (/8). There is growing
evidence that zooplankton communities
fail to show such restraints on resource
overlap—the clones of D. pulex probably
use identical food items. This tolerance
of overlap does not result from the pres-
ence of unlimited resources; the growth
of zooplankton populations is normally
limited by food shortage. A more funda-
mental reason for the tolerance of re-
source overlap can be offered. Stable
species or clonal coexistence depends
upon equality of relative fitnesses—al-
though this equality may exist only as a
long-term average. It is important to rec-
ognize that the limiting resource is not,
in many cases, the primary determinant
of relative fitness. For instance, a Daph-
nia population could be food-limited, but
fitness differences among genotypes in
the population be caused by differing
susceptibility to some physical factor,
such as oxygen tension. Only in cases
where relative fitnesses are determined
primarily by the limiting resource should
there be any limit to resource overlap. It
seems likely that studies on interactions
between coexisting clones will contrib-
ute much to our understanding of con-
straints on species packing.

PauL D. N. HEBERT
TERI J. CREASE
Department of Biology,
University of Windsor,
Windsor, Ontario N9B 3P4
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Elastase Digestion of Demembranated Sperm Flagella

Abstract. The changes in adenosine triphosphate-reactivated motility resulting

from digestion of Triton-demembranated sea urchin sperm flagella by elastase are

those expected if the elastic interdoublet linkages between flagellar microtubules are
particularly sensitive to digestion by elastase and take part in regulating the ampli-

tude of flagellar bending.

The nine microtubular doublets in the
periphery of flagellar axonemes are held
together at 96-nm intervals by ‘‘inter-
doublet linkages' (/), which appear to

Fig. 1. Multiple-flash dark-field photomicro-
graphs of a motile, demembranated sea urchin
spermatozoon during exposure to elastase.
Photographs were taken (a) 47 seconds, (b)
192 seconds, and (c) 266 seconds after mixing
with elastase: this flagellum disintegrated at
306 seconds. Each photograph was taken with
three flashes, with the flash frequency adjust-
ed to twice the beat frequency. Superposition
of the first and third images then verifies the
accuracy of the adjustment of flash frequency
and the recorded beat frequency (scale bar, 10
©um).
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consist, at least in part, of a protein that
has been named “‘nexin’’ (2). These in-
terdoublet linkages must be highly exten-
sible to accommodate the sliding be-
tween microtubules that occurs during
flagellar bending. Extension to between
two to four times the rest length appears
to be required during normal bending.
Even greater extension of the inter-
doublet linkages has been seen in elec-
tron micrographs of partially disinte-
grated sperm flagella (3).

Active sliding can occur over dis-
tances much greater than those normally
encountered during flagellar bending if
sperm flagella are first digested with
trypsin (4). Trypsin digestion causes
damage to both the interdoublet linkages
and the radial spokes, which can be de-
tected by electron microscopy (). The
interdoublet linkages are more likely to
be the structures that restrict the range
of sliding since Chlamvdomonas mutants
lacking radial spokes still require trypsin
digestion before active sliding disin-
tegration can occur (6).

If the elastic resistance of these inter-

1365



	Article Contents
	p.1363
	p.1364
	p.1365

	Issue Table of Contents
	Science, Vol. 207, No. 4437, Mar. 21, 1980
	Front Matter [pp.1285-1344]
	Letters
	New Recombinant DNA Guidelines [p.1296]
	Caffeine Study [pp.1296-1297]
	Sea Turtle Conservation [p.1297]

	Erratum: The Leopolds: A Family of Naturalists [p.1297]
	Radioactive Wastes from Biomedical Institutions [p.1299]
	Neutral Beam Heating in the Princeton Large Torus [pp.1301-1309]
	Yakataga Gap, Alaska: Seismic History and Earthquake Potential [pp.1309-1314]
	Collagen: Molecular Diversity in the Body's Protein Scaffold [pp.1315-1322]
	News and Comment
	Identical Twins Reared Apart [pp.1323-1328]
	Marriage of Conservation and Development [pp.1328-1329]
	National Engineering Academy Elects New Members [p.1329]

	Briefing
	Industry Readies for Interferon Market [p.1326]
	A Cramp in Fermilab Style [p.1326]
	A Bank for Nobel Sperm [pp.1326-1327]

	Research News
	Ape-Language Controversy Flares Up [pp.1330-1333]
	Mining Could Increase Petroleum Reserves [pp.1334-1335]

	Centennial
	100 Years of Science [pp.1336-1337]

	Book Reviews
	The Solid Earth [p.1338]
	A Population of Mammals [pp.1338-1339]
	Units of Natural Selection [pp.1339-1340]
	Visual Development [p.1340]
	Mouse Genetics [p.1341]

	Reports
	Deep-Sea Primary Production at the Galápagos Hydrothermal Vents [pp.1345-1347]
	Mass Measurement at the National Bureau of Standards: A Revision [pp.1347-1348]
	Organic Carbon: Oxidation and Transport in the Amazon River [pp.1348-1351]
	Alaskan Seismic Gap Only Partially Filled by 28 February 1979 Earthquake [pp.1351-1353]
	High-Pressure Phase in Americium Metal [pp.1353-1355]
	Oxygen in the Sea Bottom Measured with a Microelectrode [pp.1355-1356]
	Immunohistochemical Localization of Amelogenins in Enameloid of Lower Vertebrate Teeth [pp.1357-1358]
	Origin of Cushion Tissue in the Developing Chick Heart: Cinematographic Recordings of in situ Formation [pp.1359-1360]
	Autoantibodies to $\beta _{2}$-Adrenergic Receptors: A Possible Cause of Adrenergic Hyporesponsiveness in Allergic Rhinitis and Asthma [pp.1361-1363]
	Clonal Coexistence in Daphnia pulex (Leydig): Another Planktonic Paradox [pp.1363-1365]
	Elastase Digestion of Demembranated Sperm Flagella [pp.1365-1367]
	$\alpha $-Lactalbumin-Casein Induction in Virgin Mouse Mammary Explants: Dose-Dependent Differential Action of Cortisol [pp.1367-1369]
	Intensity Fluctuation Spectroscopy Monitors Contractile Activation in ``Resting'' Cardiac Muscle [pp.1369-1371]
	Control of the Rhesus Monkey Menstrual Cycle: Permissive Role of Hypothalamic Gonadotropin-Releasing Hormone [pp.1371-1373]
	Experimental Induction of Puberty in the Infantile Female Rhesus Monkey [pp.1373-1375]
	Histolysis Initiated by ``Lymph Gland'' Cells of Drosophila [pp.1375-1377]
	Brainstem Catecholamine Neurons are Target Sites for Sex Steroid Hormones [pp.1377-1379]
	Rate of Acoustic Change May Underlie Hemispheric Specialization for Speech Perception [pp.1380-1381]
	Microwaves Induce Peripheral Vasodilation in Squirrel Monkey [pp.1381-1383]
	Elevated Blood Acetaldehyde Levels in Alcoholics and their Relatives: A Reevaluation [pp.1383-1384]

	Back Matter [pp.1341-1400]





