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Abstract

The natural diversity of biological communities provides many alternative pathways by which
nutrients and energy may move through ecosystems. Many different species are capable of per-
forming similar functional rolcs in nature. When disturbed or polluted, natural systems often
become restored first through the activities of species that had not previously been common.
Human activities often result in reduction or loss of diversity within ecosystems, particularly
through the loss of rare species. Maintenance of diversity is vital because it provides protection
against both natural and human-caused catastrophies.

Diversity, in the broadest sense, charac-
terizes and maintains the flexibility of bi-
ological communities. Most papers written
about diversity have stressed the impor-
tance of genotypic diversity for the evolu-
tion of species in changing environments.
Variations of genotypes within species may
be expressed as varieties and subspecies
which thrive under differing transient en-
vironmental conditions. For example, pro-
tein electrophoresis has shown that there are
genetic differences between individuals of
species of insects living at the extremes of
their range and those living where optimum
growth conditions permit larger population
development (Sweeney et al. 1987).

Patrick (1949) and many others since have
quantified species diversity in natural
aquatic ecosystems and how various types
of pollution alter this diversity. Concern
about the importance of diversity of species
in nature has grown recently because our
accelerated clearing of tropical forests has
endangered many native species. Not only
are some species destroyed directly but a
“border effect’ extends for a great distance
into the remaining forest and disrupts the

t I have chosen to write this article about diversity
in part because the research work of Dr. W. Thomas
Edmondson exemplifies the ability of a scholar to work
in diverse ficlds of science. Edmondson’s studies range
from the life histories and taxonomy of rotifers to the
role of nutrient income in eutrophication of Lake
Washington. His ability to tackle diverse problems of
scientific interest in a scholarly way has made Professor
Edmondson one of our most effective and productive
limnological scholars.

natural community (Lovejoy et al. 1986).
The draining of wetlands in industrialized
countries, such as the United States, is
another example of the large loss of species
caused by man’s activities.

The reservoir of genetic diversity in ex-
tant species is recognized as an economic
resource in agriculture, horticulture, medi-
cine, and pollution control. That this di-
versity has important applications to en-
vironmental problems is evidenced in part
by the discovery of unusual metabolic path-
ways that are of value in pollution control,
such as the bacterial degradation of trichlo-
rocthylene (Fleirmans 1988) or fungal me-
tabolism of heavy metals such as mercury
(Brunker and Bott 1974; Brunker 1979).

The total number of species vital to com-
munity or ecosystem functions is presently
unknown. Dearth of inquiry into the im-
portance of species diversity to mass and
material fluxes has particularly plagued the
bacteria and fungi, which are important in
nutrient and detoxification pathways. Re-
cently Fleirmans (1986) identified over
1,000 physiologically different bacteria at a
depth of 250 m near the Savannah River.
At issue is not only the present role of the
numerous microbial species in all global en-
vironments, but also their ability to respond
to unplanned or detrimental environmental
manipulations, such as increased CO, in the
atmosphere and the associated problems of
increased heat and redistribution of mois-
ture.

The functioning and structure of riverine
ecosystems involve invasion and establish-

1304



Diversity in riverine communities

ment of species as well as the interaction of
species with their abiotic environments. The
establishment of species in an aquatic com-
munity is dependent upon the numbers of
species and rate of invasion, as well as on
the types of substrates, current patterns, light
regime, and nutrient conditions in the stream
channel. The nutrients and toxic substances
in the sediments also influence the success
of the invading spccies.

Predation has a strong influence on es-
tablishment and maintenance of species. The

role of refuges from predation became ev-

ident when Patrick (1959) established an
artificial stream channel complete with typ-
ical habitats of the parent stream. When the
new stream channel was opened, the black
fly, Simulum vitatum, rapidly colonized all
available habitats because no predators were
present (Patrick 1959). In the parent stream
these larvae were found only in microhabi-
tat protected from predators.

Prey organisms often survive predation
by their prodigious reproduction. As point-
ed out by Lubchenco (1978), algal spccies
may survive by reproducing faster than the
predator can crop them. Predator abun-
dance and foraging behavior also influence
the effect of predation. Some stream organ-
isms may prevent predation by production
of alleochemicals. Some cyanophytes, in
particular, seem to have exploited this strat-
egy of chemical defense. The same may be
true of Cladophora, which is a very poor
food for snails (Patrick et al. 1983). The
reason for this may be that Cladophora
glomerata contains lauric acids, toxic to
many invertebrates (Larsen cited by Patrick
et al. 1983). Life history variations provide
an alternate way to thwart predators. Re-
sistant resting stages provide a means to
avoid adverse conditions, both biotic and
abiotic.

In order for a large number of species to
co-exist, there must be means to prevent
monopolization of resources. Rice (1954),
Proctor (1957), and Keating (1976) have
shown that some algae excrete chemicals
that prevent the development of potential
competitors. Indeed, suppressing a superior
competitor may increase diversity. Other
species may reduce competition for a re-
source by temporal partition of foraging ef-
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fort. Vannote and Sweeney (1980) have
shown that different stream insects actively
exploit algae at different times of the year.

Lawton and Strong (1981) found that fac-
tors other than competition were important
in maintaining diverse communities of fo-
livorous insects. Density-independent fac-
tors and individual species preferences for
particular combinations of such factors can
reduce competition.

In stream ecosystems the selection by a
species for a given pattern of density-in-
dependent factors enables it to avoid com-
petition. For example, a rock on a streambed
in the flow of the current will have different
current patterns and light regimes and be
able to support several species. Over the
smooth top of the rock there will be a shear-
ing effect and only insects which can with-
stand strong continuous current can occupy
this habitat, such as purse caddis (Leuco-
trichia). The front of the rock that receives
the direct force of the current will be the
habitat of caddis flies that build stone cases
(e.g. Glossosoma). The sides of the rock will
have a slower, more predictable flow pattern
while the area on the back of the rock will
have no perceptible current. Each of the
arcas will be the habitat of different species.
In a similar way various species of epiphytes
prefer different parts of a plant (e.g. Zostera)
as habitats.

Fluctuating density-independent envi-
ronmental factors are as important to di-
versity-maintenance in stream communi-
ties as in the intertidal zone (Connell 1972)
and in coral reefs (Watt 1987). Factors such
as current direction, velocity, irradiance, and
temperature are highly variable, and this
variability can cause variance of growth
conditions preventing domination by any
single spccies. Extreme current variations
can disturb the community and open it to
invasion by other species.

These various factors are largely respon-
sible for natural river communities being
composed of many species at each trophic
level which form different paths for the
transfer of nutrients and energy through the
system. For example, diatoms produce
mainly fats and oils as storage products
which are the preferred food of Daphnia
spp. and enable them to reproduce more
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Table 1. Numbers of species within major taxonomic groups identified from different rivers (from Patrick

1984).
Guadalupe (low flow 1973) Potomac (low flow 1986) Savannah (low flow 1963)

No. % No. % No. %
Algae 53 29.1 87 38.3 44 25.3
Protozoa 66 36.3 49 21.6 40 23.1
Macroinvertebrates 17 9.3 18 8 21 12.1
Insects 29 16.0 41 18.1 41 24
Fish 17 9.3 32 14.0 27 15.5

182 227 173

Total

successfully (Goulden and Henry 1984).
Chlorophyta which store starches and cel-
lulose are the chosen prey of other organ-
isms.

Patrick (1984) has shown in the Savan-
nah, Potomac, and Guadalupe rivers that
the numbers of species functioning at each
stage of energy and nutrient transfer are quite
similar (Table 1). That is, except for inver-
tebrates other than insects, they are within
a 33% variation caused by unknown factors
that have been found to be characteristic of
natural aquatic communities (Patrick 1961).
They represent several major groups or phy-
la of organisms and have different turnover
rates. These factors potentially increase the
resiliency of the system.

Similarly, when one compares the num-
bers of species found in structurally analo-
gous sections of hard-water rivers in the
tropics, such as the Tulumayo in Peru (Pat-
rick 1964, 1966) with a temperate zone river
such as the Potomac in Maryland, one finds
that the percentages of the species in the
various major groups of organisms forming
the community are again somewhat similar
(Table 2).

Thus, the numbers of species performing

Table 2. Percentage composition, by species num-
ber, of the biological communities identified from
structurally similar sections of a tropical and a tem-
perate river.

Tulumayo (%) Potomac (%)

Algae 30.38 31.21
Protozoa 13.92 20.61
Other invertebrates

(not insects) 2.11 8.18
Insccts 42.62 31.52
Fish 10.97 8.48
Total No. of species 237 330

the various important functions in energy
and nutrient transfer belong to many dif-
ferent taxonomic groups and have different
life cycles. In reaches of rivers with similar
habitats and collected in similar ways, the
numbers of species are quite similar in dif-
ferent streams in the United States, al-
though the kinds of species in each river are
very different (Patrick et al. 1967). Fur-
thermore, the number of species in a com-
munity in a tropical stream was found to be
similar to that in the temperate zone, but
the species were in many cases different. In
all riverine communities, some of the species
are relatively rare. Rare species are often
very significant in the re-establishment and
continuance of a community after a severe
catastrophe, such as extreme drought or
toxic pollution. This function of rare species
in a community is smilar to that of a rare
genome in a species, as discussed by Hutch-
inson (1981). Continued existence of large
natural diversity in biological communities
is the best insurance against catastrophic
consequences of unplanned ecosysterm al-
terations.
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