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Freshwater lakes are ecosystems and an important part of our landscape.
What do we know of their biology and the factors that ensure their wellbeing?

| l cosystems are the cause of increasing public
| ‘1_,,«, concern due to the damaging effects of human-
= related activities such as increased flooding,
’.'"_';global warming, deforestation and chemical

pollution. Such activities are particularly relevant to
lakes, which in many cases are fragile ecosystems that
are highly susceptible to change. These problems are
international, and a famous example is Lake Tahoe (see
Figure 1), a large alpine lake in Nevada (USA). In its
original natural state, Lake Tahoe was low in phos-
phates and nitrates, with clear water and algae, which
are typical of such low nutrient conditions. Human
activities, particularly the development of residential
and holiday accommodation around the lake, threaten
to increase its nutrient status by allowing inflow of
sewage and other waste material — bringing irre-
versible changes to its biology.
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Figure 1 View of Lake Tahoe (USA), the largest alpine lake in North America. This
low-nutrient ecosystem is at risk from nutrient pollution due to domestic inflow
from new housing developments at various points in the catchment area.

Lakes fit into the broad concept of an ecosystem, which
can be described as ‘a defined environment that contains
a discrete community of organisms’. The situation is
more complex than this simple definition might suggest,
however, since lakes can be further divided into two
distinct environmental systems: the shoreline and the
central part of the lake (see Figure 2 on p. 22). The
shoreline community at the edge of the lake includes
higher plants with attached algal epiphytes plus thin
microbial layers (biofilms) covering stones. The central
part of the lake can be further subdivided into the main
water column, containing the pelagic community, and
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Lake complexity:
minor ecosystems
within the major
ecosystem.
(Reproduced, with
permission, from
Sigee 2004.)
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lake sediments. The pelagic ecosystem extends
throughout the water column, and may contain further
distinct communities, including a surface biofilm,
colonies of cyanobacteria (CB, not drawn to scale) with
associated microorganisms, and a zone of photosyn-
thetic bacteria (PB) at the top of the lower layer of the
lake. Algae occur mainly within the photic zone (the
region of light penetration). We can therefore divide
the major ecosystem into a series of minor ecosystems,
all of which interact but have their own particular char-
acteristics. The remaining part of this article concen-
trates particularly on the ecosystem that occupies the
main part of the lake — the pelagic ecosystem.

Diversity of organisms

One of the compensations of being a freshwater biolo-
gist, particularly on a fine summer’s day, is that it
provides a good reason for taking a boat out onto a lake
as part of an environmental research programme. To

Figure 3 Lake phytoplankton. (A) Micrasterias, a single-
celled green alga consisting of two distinct halves. This alga
has recently divided and the right-hand half has not yet
reached full size. Scale bar = 100 pm (B) Asterionella formosa,
a colonial diatom consisting of individual cells radiating out
from the centre. The colony has numerous epiphytes (flagel-
late protozoa in the genus Bicosoeca) attached to the cells
(e.g. arrows). Scale bar =50 um.
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understand how a lake functions, we need to investigate
the wide range of organisms present and how these
interact within the water column. The pelagic ecosystem
contains two main types of organism: strongly swim-
ming animals such as fish, and free-floating or weakly
motile planktonic organisms. The latter include algae
(phytoplankton) and invertebrates (zooplankton),
which can be readily collected from the lake by dragging
a trawl net behind the boat. Lake algae are the major
photosynthetic organisms in the pelagic ecosystem and
have a remarkable diversity, varying in size from 0.2 to
2000 pm in diameter and in shape. Algae such as Micras-
terias (see Figure 3A) are single-celled organisms, while
others such as Asterionella (see Figure 3B) are colonial.
Some of the largest phytoplankton in the lake are
cyanobacteria. Although these are small-celled, they
form massive colonies, which can be seen with the
naked eye. These colonial cyanobacteria are particularly
adapted to grow in nutrient-rich conditions and can
cause major ecological problems.

Lake zooplankton are multicellular invertebrates that
fall into two main groups: rotifers and crustaceans.
Rotifers are 200-600 pm in length and feed mainly on
suspended bacteria via anterior circles of cilia (see
Figure 4). Crustaceans are generally much larger — up
to 5mm long. Many members of the zooplankton,
including the common water flea Daphnia (see Figure 4)
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[image: image3.jpg]consume phytoplankton by filter feeding. In addition to
phytoplankton and zooplankton, plankton also include
smaller organisms such as fungi, protozoa and viruses.
Although they often comprise only a tiny proportion of
the lake biomass, these smaller microorganisms play a
key role in lake ecology as saprobionts and parasites, in
gene transfer and in recycling of nutrients.

Dynamic interactions

within the pelagic ecosystem, organisms interact with
each other and with the environment in a number of
ways. These interactions can be considered in relation to
four main aspects, which are typical of all ecosystems:
e defined relationships between organisms

e interactions with the external environment

® biomass formation and transfer (energy and carbon
flow)

e maintenance of the internal environment (homeo-
stasis)

Defined relationships between organisms
Particular species or groups of organisms in the lake
interact with other organisms in defined and distinct
ways, including specific patterns of ingestion and
competition. Competition between individual species,
for example, may happen because they share common
growth requirements, such as light, space and inorganic
nutrients. Specific ‘antagonism’ may also be important
__ where one organism is secreting a growth inhibitor
(antibiotic) that limits the growth of another species.
Other interactions can involve long-term contact,
where associations may relate to parasitism or simple
(epiphytic) attachment. The diatom Asterionella, for
example, shows a specific epiphytic association with the
protozoon Bicosoeca, which is able to recognise and
attach to the diatom surface. Colonies of the diatom are
sometimes completely covered in the protozoon (see
Figure 3B), which feeds on suspended material in the
lake water and simply uses the diatom as a point of
attachment. This association clearly impacts on
the physiology of Asterionella, reducing the level of
light reaching the diatom and limiting its growth and
population increase.

Interactions with the external environment
Although we tend to think of ecosystems as self-
contained and independent entities, they do have
important interactions with their surrounding environ-
ment. In the case of the lake ecosystem, these interac-
tions include the inflow and outflow of inorganic
nutrients, entry and exit of organisms and the influ-
ence of light. Light is important to the lake ecosystem,
promoting photosynthesis and biomass formation, but
also determining seasonal periodicity. The growth of
phytoplankton follows a clear annual sequence, with a
distinct diatom bloom (population peak) in late spring
and a mixed phytoplankton bloom, often dominated
by cyanobacteria, in summer.

Daily (diurnal) periodicity is also determined by alter-
nations in light intensity, with phytoplankton migrating
up to the lake surface during daytime and down to the
lower part of the water column at night. Zooplankton
follow a reverse diurnal migration sequence. Many
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TE R Ms explained

Colonial Simple organisms formed of an aggregation of cells, with little
or no cell differentiation and no division of the aggregate into discrete
regions.

Crustacean Any member of the arthropod phylum Crustacea, charac-
terised by a segmented body and hard exoskeleton.

Diatom From dia (two) and temnin (to cut) — algae formed from a ‘lid" and
‘base’ rich in silica (see Figure 3).

Epiphyte An organism that grows on (epi) a plant (phyton).

Homeostasis Maintenance of a constant internal environment. The
concept can be applied to individual cells, whole organisms, populations
and ecosystems.

Hydrology The flow characteristics of a water body, including inflow and
outflow streams and groundwater.

Pelagic ecosystem The ecosystem present in the entire water column (the
vertical depth of water) in the centre of a lake.

Phytoplankton Free-floating or motile photosynthetic organisms, including
algae and bacteria (such as cyanobacteria).

Saprobiont An organism that lives and feeds on dead organic matter.

Trophic Feeding activity. Trophic level is the position that an organism
occupies within an ecological pyramid or food chain based on its feeding
activity.

Zooplankton Small animals that feed on bacteria and phytoplankton.

Figure 4 Lake zooplankton — examples from two major groups of invertebrates.
(A) Rotifer, Philodina. This organism attaches to other invertebrates by means of a
posterior foot (f). The anterior end has two rings of cilia (co) which waft particulate
food (bacteria) into the mouth. (B) Crustacean, Daphnia. The common water flea
has branched antennae (a) and filtering limbs within a cover or carapace (ca).
Scale 100 pm. (Reproduced, with permission, from Sigee 2004.)

phytoplankton genes are now known to be light-acti-
vated, some of which promote short-term synthesis of
photosynthetic proteins and pigments during periods of
increased light intensity, thus optimising light collection
and photosynthesis.

One important external influence on the pelagic
ecosystem is the surface heating and increased illumi-
nation of water in spring and early summer. This leads
to lake stratification, with an upper zone of warm water
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[image: image4.jpg]overlying a lower zone of cold water, separated by a
middle region of thermal transition (see Figure 2).

Thermal stratification has a major impact on the
distribution and activities of planktonic organisms in
the lake. Light penetration extends into the upper layer
of the lake — the photic zone — which is the main
region of photosynthetic activity. Photosynthesis is
largely carried out by phytoplankton, which are
dispersed throughout the upper zone and make this
part of the water column highly oxygenated. In addition
to this autotrophic activity, zooplankton also graze on
phytoplankton, producing biomass from organic
compounds (heterotrophic activity). In most lakes, light
does not penetrate the cold, lower layer of the lake,
which therefore does not support a population of live
algae. The lower zone does, however, contain a large
population of bacteria. These feed on dead algal cells,
which sink down from the upper zone, and on dissolved
organic substances secreted by algae. The respiratory
activity of these non-photosynthetic bacteria depletes
the oxygen concentration of the water. The lower zone
thus typically differs from the upper layer of the lake in
being entirely heterotrophic and anaerobic.

Biomass and energy transfer

The transfer of biomass within the pelagic ecosystem
can be considered in relation to the different trophic
levels — starting with phytoplankton, then moving in
sequence to herbivorous zooplankton, predatory
zooplankton, medium-sized fish and finally the top
carnivores. At each transfer, biomass is consumed,
broken down and then resynthesised.

In the summer, the major trophic groups form an
‘ecological pyramid’ with a large phytoplankton base
and a progressive decrease in biomass from one level to
the next (see Figure 5). The pyramidal sequence seen

Figure 5 Ecological pyramid for the pelagic ecosystem of a
typical lake showing the summer occurrence of separate
feeding (trophic) levels of organisms in the lake water
column in terms of overall population (left) and biomass
parameters (right). P primary producers; H, herbivores; C,-C,.
camivores. (Reproduced, with permission, from Sigee 2004.)
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with biomass is paralleled by changes in chemical
(potential) energy, nutritional value and in the total
number of individuals per litre. The ecological pyramid
is lost in winter, when adverse conditions of light and
temperature cause many algae to sink to the bottom of
the lake and the phytoplankton population is severely
reduced.

The ecological pyramid provides a model for overall
changes in biomass transfer. More specific interactions
between major groups of organisms or individual species
are provided by food webs, where particular species are
often highly selective in their food supply. These food
webs can be detailed, with trophic interactions occurring
in a complex three-dimensional network of relation-
ships.

Homeostasis: when things go wrong
The concept of homeostasis runs through all levels of
biology — from molecules and cells to tissues, organ-
isms, populations and ecosystems. Homeostasis refers
to the ability of the system to maintain its internal envi-
ronment under conditions of externally imposed stress.
With an ecosystem, the concept means that the
‘internal environment’ will be initially affected by
external stresses — changes that disrupt the system —
but will respond and ultimately be restored to its orig-
inal status. In the case of the lake pelagic ecosystem, the
‘internal environment’ refers to the complex balance of
interactions that occurs between organisms in the water
column and their relationships with the aquatic
medium. External stresses include alterations in
hydrology, heavy metal pollution and eutrophication.
Eutrophication is a major and increasing problem in
many freshwater systems. It involves an increase in the
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[image: image5.jpg]aquatic concentrations of major inorganic plant
nutrients, particularly nitrates and phosphates. Short-
term, moderate increases in these nutrients lead to a
temporary increase in the phytoplankton population.
This is followed by increases in herbivorous and preda-
tory zooplankton, but ultimately the original population
levels and internal balance of organisms is restored. The
ecological problems arise when eutrophication occurs
over a long period of time or becomes intense. In the
case of low-nutrient lakes, such as Lake Tahoe, even
moderate long-term increases in phosphates and nitrates
will permanently change the biology of the lake so that
the ecosystem loses its original characteristics.

The problem becomes even more acute when high
concentrations of nutrient accumulate over long periods
of time, due, for example, to long-term disposal of
untreated sewage or inflow of agricultural fertilisers. In
this situation, homeostasis breaks down due to the
growth of colonial cyanobacteria, which are particularly
adapted to grow at high nutrient concentrations. They
form summer blooms when temperatures are high and
the water is static. The massive colonies of these algae
are too large to be consumed by most species of
zooplankton, so there is a break in the lower part of the
food chain — with a decrease in the zooplankton popu-
lation. Dense populations of algae also cause a break in
the top part of the food chain, since the reduced visibility
prevents large fish such as pike from catching their
smaller fish prey.

During bloom formation, populations of cyanobac-
teria completely dominate the lake surface, causing
major ecological problems. These include reducing
algal diversity as other algae are out-competed and
suppressing zooplankton and fish populations by
reducing food supply. At the end of the bloom, massive
decomposition of algae leads to reduced oxygen levels
and the release of cyanobacterial toxins into lake water,
causing further problems to fish populations and
resulting in some instances in a massive ‘fish kill". The
occurrence of algal toxins is particularly important at
sites of public access, such as small lakes and ponds in
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BLUE GREEN ALGAE

The Depastment of Health has stated:

Inesses, including skin rashes, eve irritation, vomiting, diarrhoes, fever and
P3ins in miuscles and joints have occurred in some recreational users of water who
‘or swam through alga 5
been no reports of longterm effects or deaths in humans but in some
were severe.

It is a sensible precaution therefore to avoid

contact with the scum and the water close to
0 keep horses and dogs away from it.

i this nosice. pease contact
intendent's Otfice. Richmand Park: 030 5543 3209
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Figure 6 Algal bloom in Richmond Park in London, summer 2006. (A) The water

in this small lake has the distinct greenish coloration typical of a dense surface
population of colonial cyanobacteria. (B) Warning notice at the edge of the lake.
In many parkland areas, the issuing of such notices has become an annual
occurrence.

parkland (see Figure 6), where water contact by
humans, domestic and agricultural animals can lead to
unpleasant symptoms, and in some cases severe illness
and death.

Understanding the underlying biology of lake ecosys-
tems allows us to appreciate how the natural balance of
populations is maintained and how human activities
can affect it. Lack of concern for the biology of these
fragile ecosystems can lead to ecological breakdown,
with adverse consequences for agriculture, use for
drinking water and recreational access.

Dr David C. Sigee is a Senior Lecturer in cell biology in
the Faculty of Life Sciences at the University of
Manchester. He is particularly interested in the application
of microscopical and molecular techniques to study lake
phytoplankton.

KEY points

® Lakes are major ecosystems that can be further
subdivided into minor ecosystems.

® [akes contain a wide range of organisms, from
viruses to vertebrates.

® As with other ecosystems, lakes have a number of
fundamental biological properties, including defined
relationships between organisms, clear interactions
with the external environment, patterns of biomass
and energy transfer, and the ability to carry out
homeostasis.

® Nutrient enrichment of lakes through human activity
can lead to breakdown of homeostasis, with adverse
consequences for lake ecology and for human
access and usage.
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