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FOREWORD

The aim of the publication "A worldwide surface water classification
system" is to propose a methodology and information for classifying water
bodies that will facilitate the inter-comparison of hydro-environmental
situations. This proposal is open to discussion, and critical comment and
suggestions for changes and improvements would be welcomed and will be
used for the preparation of a revised edition of the publication.

The publication was prepared in-the framework of the UNEP/Unesco pro-
ject "Integrated Environmental Evaluation of Water Resources Develop-
ment", reference number FP/5201-85-01., The determination of the influence
of man on the hydrological cycle and the impact of development projects
on the water-related environment are priority areas for both UNEP and
Unesco in their respective water programmes.

The water resources programme of Unesco is centered on the Internatio-
nal Hydrological Programme (IHP). Within IHP the influence of man on the
hydrological cycle has been a priority area since the start of the Inter-
national Hydrological Decade in 1965. This section covers scientific stu-
dies of the influence of man on the hydrological cycle, including water
quantity and quality. The activities of man are considered to include di-
rect action such as land-use changes, consumptive use of water, physical
operations on river systems, addition of contaminants of various kinds,
as well as those of a more indirect nature such as, for example, man-in-
duced climate changes. These studies also include the effect of changes
in the hydrological cycle on social, environmental and ecological aspects
relative to water resources.

The studies executed in the framework of the IHP will result in the
synthesis of existing knowledge, guidance material for the execution of
national studies, teaching notes and public information material. Publi-
cations issued in this area include:

- Man’s Influence on the Hydrological Cycle" (with FAO)

- Hydrological Effects of Urbanization and Industrialization on Water
Resources Planning and Management

- Casebook on Methods of Computation of Quantitative Changes in the
Hydrological Regime of River Basins due to Human Activities

- Aquifer Contaminants and Protection

- Hydrological Problems related to the Development of Energy

- Study of the Relationship between Water Quality and Sediment

Transport
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- The Hydrological Regime as influenced by the Drainage of Wetlands

- Investigation of the Water Regime of River Basins affected by
Irrigation

- Hydro-environmental Indices, a Review and Evaluation of their Use in

the Assessment of the Environmental Impact of Water Projects.

UNEP's water programme is focussed on the Envirommentally Sound Manage-

ment of Inland Water (EMINWA). This programme is designed to assist ge-

vermments to Integrate environmental considerations into the management
and development of inland waters, with a view to reconciling and ensuring
the development of water resources in harmony with the water-related (na-
tural and man-made) environment throughout entire water systems, It con-
tributes to a harmonious river basin development and to a sustainable re-
gional development.

The main activities of the EMINWA programme are:

{(a) to assist governments to develop, approve and implement environmen-
tally sound water management programmes in river basins by inland
water projects;

(b) to prepare a manual of principles and guidelines for the environ-
mentally sound management of inland water;

(c) to use the EMINWA inland water basins for demonstration purposes;

(d) to train experts and implement an institution-building programme;

(e) to make regular world-wide assessments of the state of the

enviromment in inland water systems.

Besides this publication on the classification of surface water bodies
the UNEP/Unesco project "Integrated Environmental Evaluation of Water Re-
sources Development”, issued in 1987, a report entitled "Methodological
Guidelines for the Integrated Envirommental Evaluation of Water Resources
Development" in English, French and Spanish, and in 1988 a teaching guide
in English for the use of the methodology for the evaluation.

Each water resources development project differs from all other water
resources projects and no situation is, at first sight, comparable to
another. Differences in climate, morphology of the river basin, geology,
scil structure, land use, vegetation, ecology, etc. are such that it even
appears difficult to compare the environmental status of undeveloped ri-
vers.

It was felt, therefore, that a hydro-environmental classification of

water bodies would be useful, in the first place, to make it possible to
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use knowledge obtained under different circumstances to systematically
increase the body of knowledge on questions related to the envircnmental
status of water bodies. It would also make possible the evaluations of
the hydro-ecological status of water bodies as compared to other ones,
and make it possible to more easily establish administrative and legal
standards for the different water bodies in a country.

The ideal classification system would fulfil all these requirements,
would be robust in the sense that a water body normally would remain in
the same category and it would be easy to understand and to use by engi-
neers and planners who do not have a specialized knowledge of hydro-bio-
logy.

It is probably impeossible, and certainly unwieldy, to design a detai-
led classification on the basis of the above requirements which would co-
ver all possible situations in the world. On the other hand, it is
thought that a first approach classification on the basis of physical va-
riables would be globally wvalid, would not be contradictory to existing
classifications already in use and would allow for additions based on re-
gional or local conditions.

As stated in the first paragraph of this chapter the proposed classi-
fication and the other information in this publication is not meant as
the final word on the subject. It is open to discussion and critical com-
ments. Suggestions for changes and improvements are welcome and will be
used in the preparation of a second version of the document.

Please send your comments/suggestions to the Director of the Division

of Water Sciences, Unesco, 7 Place de Fontenoy, 75700 Paris, France.
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INTRODUCTORY REMARKS

This report presents a worldwide classification of surface waters. The
diversity of water types is immense and any attempt to bring some order
to this diversity invariably confronts a multitude of exceptions. The
resulting report therefore is an oversimplification of reality, based
upon limited information and leaning heavily on research data from
temperate regions.

Despite the endless variety of water types certain laws and
regularities can be observed and these form the body of the
classification. Local climatological and biogeographical circumstances
will require adaptations and filling in of the system. These adaptations
should be made only by local experts.

This report indicates a number of possible adaptations and gives
examples from different areas in the world. Extensive literature lists
which provide further details on all aspects of the classification system
have been included. The first chapter gives an elemental classification
with leading considerations as a summary of this study. The remaining
chapters constitute the scientific basis for the classification and the

appendices give background information and justification.

1 A CLASSIFICATION OF SURFACE WATERS

With respect to the uses of surface waters one can make different
classifications. If the main interest is for drinking water purposes,
quality and quantity are the first concerns. For navigation, hydraulic
characteristics and the growth of water plants are important and so on.

We have opted for an ecological classification, which attempts to
describe waters in their "natural state" and which uses biological as
well as abiotic parameters. Biological parameters can be used as
indicators of the natural state and also for deviations from the mnatural
state. They can also give information about water quality, trophic
status, the fishery potential etec.

Plants and animals in the water can influence chemistry, water

movement, depth (by terrestrialization stages) and so on, but the
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starting point for an analysis of the suitability of a water for plants
and animals is abiotic. Climate, composition of the soil, and morphometry
of the landscape are the main factors, and derived from these are
temperature (ranges), streamflow velocity in running waters, salinity,
dimensions, nutrients, pH, etc.

These different conditions are characterized by different
biocommunities, but the structure and functioning of these communities
show simililarity within the discerned types, despite biogeographical
variations. For this reason one can work with a generalized concept,
which is then adapted to regional or local conditions.

In the simplified classification shown in Fig. 1, a first division has
been made into running and stagnant waters (separately treated in the
chapters 3 and 4). It seems to be practical to do this, as there are few

common features or species of plants and animals in these two categories.

Running waters

In a recent paper Statzner and Higler (1986- Also included as Appendix
IV) suggested that physical characteristics of flow (stream hydraulics)
are the most important envirommental factor governing the zonation of
stream benthos on a world-wide scale. They recognized zones of transition
in stream hydraulics from source to mouth to which the general pattern of
assemblages of stream invertebrates can be related. A proposal was given
for a general pattern of bentic fauna in pristine streams. For this they
created an "ideal" stream from its source in the mountains to its delta
or estuary in the sea. Isolated streams and stream sections can be
related to parts of the idealized stream.

By rearranging the elements of the Manning equation Higler and Mol
(1984~ included as Appendix I) constructed a diagram (Fig. 23, Appendix
IT) in which running waters in The Netherlands can be characterized on
the basis of measurements of streamflow velocity, terrain slope and
dimensions. Hydraulic factors and dimensions determine the place in the
diagram. As stream benthos is governed mainly by hydraulics it should be
possible to indicate the place of assemblages of organisms that are to be
found in certain parts of the diagram. In this way the idealized stream

can be populated with organisms. They started with West-European
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invertebrates and although much work remains, the first results look very
promising.

These considerations have been derived from work in temperate zones,
but the Unesco/UNEP project is aiming at a broader application in
developing countries. It is obvious that ome canmot construct a worldwide
system using names of organisms and circumstances from temperate regions.
The reference situation must be filled in for any given area including an
analysis of the deviations from the referemce. A hierarchy of
environmental factors must be used, in which the climatological factors
are the most important. In the different climatological zones criteria
like drought, ice cover, precipitation extremes influence the conditions
in streams. The zonobiomes described by Walter & Breckle (1983) (Fig. 2)
can function very well as large ecological units on a global scale.

Temporary streams have been treated separately, because the extreme
environmental conditions require many adaptations of the biocenosis.
Streams in the arctic can be frozen for a considerable period whereas
those in the tropics may dry out completely for many months. In temperate
regions the upper course often dries out in summer. Mound springs in
Australia however evaporate after some tens of meters, and only in the
rainy season does their length (and the population of the biccommunity)
increase, Table 1 (page 29) presents some generalized characteristics for

running waters along their course in temperate regions.

Stagnant waters

Stagnant waters have been first divided into non-saline and saline
waters, because the salinity is of such importance that it overrules all
other factors (4.4). In stagnant freshwaters there is no single factor
such as hydraulics in running waters that dominates all processes.
Historically, therefore classifications have been made from different
points of view based on different variables. Forel (1901) made the first
classification, based on temperature regime. In the first decades of this
century Naumann and Thienemann made classifications of lakes on the basis
of productivity, and later Hutchinson (1957) discerned 76 types of lakes
on the basis of origin. Morphometry has been considered as a good
criterion for classification by several authors. Okland (1964) summarizes
seven categories of parameters: climate, morphometry, chemical and
physical properties, sediment, flora, fauna and productivity.

In classic limnology attention has been directed more to deep lakes
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than to shallow waters and much more is known from temperate regions than
from others. Of course there are well known exceptions to this rule, such
as Thienemann (1931), but in general the existing classifications support
the rule. Depth is a very important ecological factor, and stagnant
waters should be divided into three main groups according to depth. The
exact depth for the division is depending on local conditions. In hot
weather in the tropics, for instance, a very shallow water (1.5 m) can
dry out totally, whereas in a temperate region, an even shallower pool
will remain water throughout the year.

The division between deep and shallow waters depends on a few physical
parameters, related to light and temperature. The existence of a
thermocline is very important, as is the maximum depth where plants will
grow. A depth of 10 m has been arbitrarily selected, but it could be as
little as 6 m and as much as 14 m under certain conditions,

Table 6 (page 51) presents some characteristics of the 3 types of
stagnant waters. One might expect that species diversity would be highest
in the the deep system, because the littoral zone represents the same
conditions as those in shallow and very shallow waters. This is not true.
The shallow systems have the highest diversity and they probably
represent the standard stagnant water. Deep and very shallow waters
(wetlands) would be biologically derived from them. Exceptions are the
very old lakes like Baikal, Victoria, Biwa etc.

Figure 1 summarizes the main conclusions of the report. Considerations
for the important divisions are derived from a.o. some figures and tables

as indicated in the figure.



jusuewsad jusuewaad Juduewsad
~dway ~dwal ~dway

3jewn >

-12-

[3NTvsu3dan|  [-osaw| [-0daH]
%08 < 305-07  $02-€
SHILYM INITVS

1/Bg <

‘pPTIom 3yl Jo sI=ares Jo UOTIEDTJISSe[o paIIITdwis v 71 ‘814

_.Cm..onEw\u_ “ juaueutad

sydoaina

ajews|d smeys, orydoay

Vi

{MOTIVHS AM3A| | MOTIVHS|
| | _

wz g | >

(9 3192} } uoisuswip
I

SHILYM INITYSENS 7 HSIA|
1/6€ >

(£ aiqer | Auujes

SHILVYM LINVNOVILS

4+ SYIOAY3IS

Iy —Pp

¥.173q
AdvYNis3

g 5usJdcuun)|

-—

+— Buiids joy
4——— Jape|h

au=4302yJ
EPEYELTET]

e SR

AI_ H3addn INUKJOm

~dw=y ybiy

suonenyon |y
amempunoib

e2Jap|ed
e ajew)a

{1 219e1)

uoIsuaWIp 3 soneldpiy

I

1 SWV3HLS TYINNIWAd

SWYI¥.S  A¥VHOdWaL]

mo|j jo asusuewsad

S¥ILYM  ONINNNA




-13-

2 CLIMATE AND HYDROLOGY

2.1 Climatological regions

The availability of water in any region is dependent on a number of
factors such as: precipitation, evaporation, run-off, ground water
reservoir, and/or soil moisture. It is obvious that in the Sahara
conditions are different from those in the Amazon basin and different
again from those in the Antarctic. The existence of climatological
regions with respect to their position relative to the poles or the
equator has been established, and has recently been described in terms of
ecological systems called zonobiomes and zonoecotones (Walter & Breckle
1983). (Fig. 2}.

Such a classification of regions, based largely on the fate of water,
is an adequate tool for the classification of waters on a worldwide
basis. The following zones or regions are described in this context.

Examples of major precipitation regimes are given in Fig. 3.

I. Equatorial zone. High annual rainfall (> 100 mm a month) with two

equinoxial maxima. No annual seasons based on temperature differences.

II. Tropical zone. Heavy rain in summer, extreme drought in winter. Annual
rainfall tends to become lower the further from the equator. Marked seasonal
temperature difference. In this zone several types of surface waters can be
found. Rivers in tropical deciduous forest or in savannah have different
characteristics. The precipitation-evaporation ratio is very important and

can change markedly within the zone.

IITI. Subtropical desert zone. Annual rainfall < 200 mm, and in deserts
< 50 mm. Surface waters in this zone are seldom perennial, and generally

short-lived. Stagnant waters tend to be salt plains during most of the year.

IV. Mediterranean climate zone. Winter rain and summer drought., Generally
more evaporation than precipitation. Intermittent rivers, and few or no

stagnant waters.

V. Warm temperate zone. Maximum ralinfall in summer. As the summers are very

wet and the winters mild, this zone is rich in surface waters,
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Typical temperate zonme. Short, cold winters and warm/hot summers.
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Fig. 2. The distribution of zonobiomes I-IX, showing the zono-ecotones

between them (Walter & Breckle 1983).
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VII. Arid-temperate zone. Low rainfall, dry summer or drought throughout

the year. Conditions are not very favourable for surface waters.

VIII. Boreal zone. Cold-temperate with cool summers and long winters. Zone

with many lakes and rivers.

IX., Arctic zone. Wet cool summers, long cold winters. Precipitation is
predominantly snow. Lakes and rivers are frequently frozen for long periods

of time.

i in.
in. - cm. .
10 @ | o5 20 |50 101 © |55
81 20 1612 La0 8 20
0
v
61 Lis 128 30 61 L1s
-
Q
<
[+
44 Lo 815 F20 41 H10
L] 6
(&)
5 afm
27 STANLEYVILLE 5 MALL
4
671N (70-51N.)
O FAMJIJASOND © O IFMAMJ JASOND
in. cm.in.
41 F10 47
VALETTA REGINA
24 [{20-31IN.) LE 21
O T FRAMJ JASOND © MJJASOND JFMAMJ JASOND

Fig. 3. Examples of the major types of precipitation regimes (Stippled
portions indicate snowfall). A -Equatorial; B -Tropical; ¢ -Temperate
Oceanic; D -Mediterranean; E -Temperate Continental; F -Arctic (Chorley
1969).
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Fig. 4. Precipitation in four seasons (Jackson 1%77).
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It is obvious that precipitation plays an important role, not only
quantitatively, but also with respect to frequency. Fig. 4 shows seasonal

variations in precipitation. The relation to Fig. 2 is clear.

A few comments are Iin order.

1. There is not a very clear zonation of climatic zones according to
latitude. This is due to the shape and magnitude of the continents
and the presence of mountains. Moreover, the distribution of land

masses in the northern and southern hemispheres is unequal (Fig. 5).

77777770
/177777~

L1

—

SOUTH POLE

Fig. 5. The unequal distribution of landmasses illustrated by a

'summarized continent' (Ward 1985).

2, There is a rough correlation between latitude and the distribution of

humid and arid zones (Fig. 6).

P>E

-
,'- /\m
- -
\ - ~ — L o

="
GLACIAL

Q=

P<E

L)
o'N 30°N 60°N P0°N

Fig. 6. The location of humid and arid zones in glacial times and the
present day (Chorley 196%},

3. Precipitation alone is less important to the presence of surface

waters than resulting variabies such as annual run-off (Fig. 7).
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B >0ocm  BEER e0-100 Y 40-60 [77] 20-40 5-20

Fig. 7. Annual run-off in c¢m. Information is not available for areas
left blank (Chorley 1969).

4. It 1s remarkable that some of the world's greatest drainage basins
occupy large parts of arid zones (Fig. 8). The place of the sources
and the amount of water from these sources is obviously of more

importance,

5. It is to know whether precipitation can be predicted for a specific
season. Two stations in East Africa (Fig. 9) demonstrate this. The
stations are not very far from each other in zones I-II and I1-III,

but the precipitation patterns are quite different.
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01040100 250 BOO 1000 2000

Fig. 8. World's largest drainage basins (1) and magnitude of solid load
(2) (Chorley 1969).

1925

NAIROBI

1955

1945

1935

Fig. 9. Rainy pentades in Nairobi and Gulu (Jackson 1977).
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2,2 Hydrological systems/regimes

All surface waters depend on processes such as precipitation,
evaporation, and transport of water through air or soil. In Chapter 1
global conditions in climatological zones were treated; here we shall go
into matters such as the quantity of water In lakes and rivers,
hydraulics, processes in drainage basins and factors that govern living
conditions for aquatic organisms.

Fig. 10 describes the basic hydrological cycle. Many variables can be
measured, providing good opportunities for modelling and predicting (Fig.
11).

Evaporation
Evaporition Transport aof warer of

of precipalion

precipianen vapour and clouds _ |

4 o

Londensation
Condensation of
of water vapour

water vapowur

Precipitacion

Evaporavion from
Transpiration soil and ground
Evaporation of f surface

intercepted water

Precipitation

on oceans Evaporatign from Infitration
Transpiratior
lakes and rivers

Evaporanien
from ocean

- Soil moisture x T Deep

through "°"T Capiltary teepage

)
5o ™ ow SQQP'IQJ movement
—— ,_hro"%h

-
-

Groundwater

Fig. 10. The hydrological cycle (Jackson 1977).
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A, Block diagram of the basin.
B. Schematic inter-relationships of the basin components (Chorley 1969).
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C. Cross-section of the basin.

D. Flow diagram of the basin components.
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Before going into detall of watershed areas some data on water amounts
in the global hydrological cycle will be presented. Fig. 12 gives the

worldwide distribution of water in the different phases over the

hydrological cycle.
ATMQSPHERE
0:035% OF aLL FRESH WATER
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Fig. 12. The global hydrological cycle and water storage (Chorley 1969).

In Appendix VI all major rivers, lakes, and reservoirs are listed
(Unesco 1978). Such a survey may seem unnecessary in this context, but
experience has taught that it is very difficult to find data like these
if needed. Moreover the survey gives a better idea where what quantities
of water in which phase are to be found, although we must never forget
that during the year considerable changes in the phases can occcur

(Fig. 13).

r25

TOTAL MOISTURE

DETENTION 420

Fig. 13. The four components of total moisture at Sapporo, Japan (43o N)
(Chorley 1969).
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3 CLASSIFICATION OF RUNNING WATERS

Fig. 14 gives a hierarchical scheme from continental to micrchabitat
level for running waters. The scheme is based on the factors which
influence the distribution of macro-invertebrates in streams. It is

useful for the classification of running waters,

Climate and rainfall ?Iope of)terrain -[ composition of the sail
precipitation a.0.d

Geomarphology {surplus)
200-4C0 mm/year

_______________ k_____________ o o o o

L 4
Characteristics struclure of r{'eglme prop;:rties storage capacity
. discharge area Faber 1972 sources, seepage

of the discharge (Horton 1945) per'maner:ce of stream

area (de Vries 1977)

______________ l‘__“"_'”_"""_—"JF""““'____ _———

Characteristics stream dimensions | water chemistry Ishore vegetation
{o.a. R} ~

of the streams

=-aytumn shed leaves

b

stream velocity e bottom type b tempera ture
\.'=|,11—J!Rg

‘__ni aquat. vegetation s
i |
ﬁuna l‘i

Fig. 14, Factors controlling the conditions for aquatic fauna in running

waters (translated from Higler 1981).

Climatological and geomocrphological factors were discussed briefly in the
preceding pages. Some data on precipitation (Figs. 15 and 16) show that
the amount of precipitation can differ from year to year, as well as
throughout the year, causing different discharges, current velocities

etc,
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Characteristics of the discharge area, as a result of the first level
characteristics climatology and geomorphology, are the shape and
dimensions of the discharge area (Fig. 17), the number of orders in
relation to the stream length (Fig. 18), the range of drainage density

(Fig. 19) and accordingly the drainage pattern (Fig. 20).
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Fig. 17. Some common drainage basin length parameters (Chorley 1969).
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Fig. 18. Regression of logarithm of mean stream segment length versus

order for four drainage basins in the Appalachian Plateau (Chorley 1969).
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Fig. 19. Four areas, each of 1 square mile, illustrating the natural

range of drainage density (Chorley 1969).

Top left: Low drainage density: Driftwood Quad., Penn,

Top right: Medium drainage density: Nashville Quad., Ind.

Bottom left: High drainage density: Little Tujungo Quad., Cal.

Bottom right: Very high drainage density: Cuny Table West Quad., §.Dak.
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Fig. 20. Four basic drainage patterns, each occurring at a wide range of
scales (Chorley 1969).

A relationship between stream length and stream order can be indicated
(Fig. 18) and a relationship also exists between stream channel slope and
stream order (Fig. 21). A combination of these cases is illustrated in
Fig. 22,
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Fig. 21. Regressions of mean channel slope versus order for streams in
the Unaka Mountains, Tenn. and N. Car., and Dartmoor, England (Chorley
1969).
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Fig. 22, Plot of the longitudinal profile of Salt Run, Penn., showing the

difference in mean slope of each of the four segments of differing order
(Chorley 1969),

The characterization of the streams themselves (lower part of Fig. 14)
involves a multitude of factors. Pennak (1971) summarizes the
ecologically most important ones:

width of the stream (6 categories)

flow fegime (2 categories)

curreﬁt speed (5 categories)

substrate (6 categories)

1

2

3

4

5. summer temperature (5 categories)

6 winter temperature (4 categories)

7 turbidity (5 categories)

8. total dissolved inorganic matter (4 categories)
9 total dissolved organic matter (4 categories)
10. water hardness (4 categories)

11. dissolved oxygen (5 categories)

12. rooted aquatic plants (4 categories)

13. streamside vegetation (4 categories)

Theoretically 184,320,000 combinations of these factors are possible and
this obviously cannot be considered as a simple stream classification. A
number of the factors from Pennak's list are interrelated and there is a
definite hierarchy in their importance. In Fig. 14 a number of the main
factors or combinations of factors have bheen depicted in a certain

relationship in order to describe the conditions for aquatic fauna in
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streams. A central position is taken by the stream velocity and the
Manning formula is used in its determination. It should be noted that the
variables in this formula are derived from other characteristics in the
scheme of Fig. 14, thus indicating their mutual relationship.

By rearranging the elements of Manning’s formula it is possible to
construct a diagram (Fig. 23) in which running waters can be
characterized on the basis of measurements of current velocity, terrain

slope, and dimensions (Higler & Mol 1984),
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Fig. 23. Simplified diagram of running water types based on hydraulic

factors as derived from Manming's formula.

In Appendix I an extensive description is given of the methods used teo
construct the diagram and to apply it for specific stream reaches. The
advantage of this method is the simplicity with which a part of a stream
can be characterized by measurements, which are of great practical use‘
for management purposes. The diagram can alsc be used for a description
of possible habitats for organisms.

Studies of running water have recognized a relationship between
factors that change from source to mouth and organisms such as fish or

macro-invertebrates. This concept is known as the zonation concept (Huet
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1949; Illies 1961; Illies & Botosaneanu 1963) and the most frequently
used terms for zones are krenon, rhitron and potamon {upper-, middle- and
lower course). Each zone is assumed to contain a characteristic fauna,

In 1980 a new concept was published (Vannote et al. 1980), known as the
River Continuum Concept (RCC). Here a gradual change from source to mouth
(from first order to highest order) is assumed, In which one links
fluvial, geomorphic processes, physical structure, and the hydraulic
cycle to "patterns of community structure and function and organic matter
loading, transport, utilization and storage along the length of a river."

Both concepts contain very valuable information and Statzner and
Higler (1985, 1986) have recently combined elements from both (Fig. 24).
Both publications have been included as Appendices IIT and IV. They
suggest that physical characteristics of flow (stream hydraulics) are the
most important environmental factors governing the zonation of stream
benthos on a worldwide scale.

In both Figures 23 and 24 no names of organisms have been given., It is
impossible to do so for the whole world because of zoogeographic
differences. The reference situation must therefore be filled in for a
given area. The next step is an analysis of the specific water body to be
considered, and where and how it deviates from the reference. For this a
hierarchy of envirommental factors can be used, not unlike the scheme of
Fig. 1l4.

Streams can flow through lakes, interrrupting the continuum patterns,
and this situation is more common currently due to man-made lakes. There
are great differences in nutrient content when glacier streams are
compared with lowland streams. The composition of the bottom can
influence the pH and the nutrient content, as well as the vegetation in
the drainage basin,

Some environmental factors are so dominant that no doubt exists about
their impact. If a stream dries out during a certain time of the year,
this influences the biocommunities in the stream radically. Many species
are not able to survive drought, so the biocommunity will be
impoverished. The organisms in glacier rivers must adapt to a cold,
nutrient poor and turbid water, having its highest discharge in summer.
Here, too, species diversity is small.

In general species diversity is lower in situations that deviate from
the so-called reference situation. It is not necessary to investigate
entire river systems in order to be able to evaluate the situation at a

given station, but it is necessary to know how to place the variables
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measured at that station into the hypothetical reference stream.

The foregoing considerations are based on numercus papers on zonation,
classification, and the relation between abiotic and biotic
characteristics in rumning waters. These references have been listed in
Appendix I. Figures 23 and 24 summarized the most universal
characteristics of running waters, and Table 1 provides details on the
ecological characteristics. The data originate for the greatest part from

research in temperate regions.

Appendix V gives a classification of European streams, made in the
framework of the European Convention for the protection of International
water courses agalinst pollution., It 1llustrates the sequence of the
process and the application of the aforementioned environmental factors.
Moreover, biological data have been included.

The first step is the division of Europe (minus Eastern Europe) into
five hydrobiological regions, which are a little less differentiated than
the zonobiomes of Fig. 2. Figure V 1 gives the map of Europe with the
regions., The streams are divided into three main categories, according to
the sequence of stream system development with temperature (general level
and anmual fluctuations) as the principal differentiating factor, In
Appendix V, stream hydraulics was a more or less hidden set of parameters
about which we had more limited information than we have now. For
practical purposes, however, the classification is adequate.

It may be desireable to classify running waters according to potential
use, considering only physical and chemical parameters. An example of

such a scheme is given in Table 2.



-13.

Braided

Rheocrene

Helocrene First transition 1n hydrauhc stress

Limnocrent Second tronsition in

hydraulic stress Estuary

a Large-scale

discontinuitfies Transition

n hydroyle stress N samty

W Ny Y VY

No. of species

+ indifferent species

Fig. 24. Proposal for a general faunistic zonation pattern of the benthos
in pristine streams (aerial view and slope)} with "standard" flow
characteristics. Source types:

rheocrene - source discharges directly into a channel

helocrene - source discharges into a marshy pond

limnocrene - source discharges into a pond.

Not all of the components shown here can be or must be present in a
stream. The species distribution in a running water that starts with a
helocrene and ends with an estuary is indicated in our example. Species
occurring in the spring (A) and in the reach of high slope (B) overlap at
the first transition in hydraulic stress. Species of group B and species
occurring in the stream after it has entered the flood plain (G) overlap
at the second transition in hydraulic stress, whereas pristine streams
are frequently braided. Patterns in the large river are rather
speculative due to sparse information. In the brackish zone, a third
overlap is found between species of group C and the marine fauna (D). In
all three zones of species overlap, few species occur which are solely
found in these reaches of transition (T1, T2, T3). Species which do not
characterize a zone are omitted. (Statzner & Higler 1986).
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Table 1. Ecological characteristics along the course of runningwaters in
Central Europe. This is an example of the statement that generalized
concept of running waters has to be filled in according to regional

conditions
SOURCE glacier t<7 C: high turbidity in summer: no canopy: very few
species.
hot spring £>30°¢: high turbidity by sulphur often: no canopy: very few
species,
lake t depends of origin, so does turbidity: number of species

and organisms in accordance with trephic status and origin.
limnocrene  groundwater of low t follows annual t: clear water: in
natural conditions canopy: lentic organisms.

helocrene as limnocrene, but t tends to be lower and with lotic
organigms.
rheocrene t 5-12 : clear water: in natural conditions under timberline

canopy: lotic and specialized organisms.

seepage area groundwater of low t follows annual t with smaller
amplitude: clear water: generally canopy: species
composition comparable to helocrene, but more adapted to
semi-permanent conditions. The last four types dependent of
glope of terrain.

UPPER
COURSE

temperature and turbidity depend of source.

P/R<1l (production is generally lower than respiration): allochtonous
production from the bank vegetation is here not considered. Sometimes
these courses can be temporary.

Order 1-3: dimensions small (standard type) or large (lake outlet etc.}.
slope related to source is an important ecological factor.

Canopy results in allochtonous organic matter and shredders dominate.

If there is no canopy grazers and predators dominate at high current
velocities, but non filtering collectors, grazers and predators at low
ones. Fish species like trout and bullhead.

MIDDLE
CQURSE

extreme temperatures of glacier streams and hot springs tend to
stabilize, the others have larger amplitudes than upper courses,
P/R~1 or P/R > 1.

Order 4-7: dimensions and slope are important ecological factors.
High numbers of species (in "modern" streams highest numbers),
Primary producers are algae on stones and beginning production of
plankton. Invertebrates are filter feeders, collectors, grazers and
predators.

Fish are grayling/barbel (in temperate streams).

Higher nutrient content than in upper course by input from the upstream
part of the drainage area.

LOWER
COURSE

daily temperatures have been stabilized, annual t follows air t.

P/R > 1 or (generally by disturbances) P/R < 1. Under natural conditions
many stagnant and periodically overflown waters in the winter-bed can ad
to high production. Depth is the most important dimension variable.
Sedimentation of sand and silt in the last stretch.

Generally high numbers of species in natural conditions by backwaters,
pools etc. in modern streams predominantly collectors, under natural
conditions all types of functional groups accordig to local variation.
High nutrient content:; plankton and aquatic macrophytes. Berbel/bream in
temperate streams,
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Classification of rumnning waters according to Hartmann, L. & R.
Jourdan (1987).

Class (A) (E) (1) (o) (W
BFQ (m°/s) > 1000  500-1000 100-500 10-100 < 10
Factor <2 2 -4 4 - 8 8 - 16 > 16
pH ~7 > 6.5 > 6.0 > 5.0 < 5.0
< 7.5 < 8.0 < 9.0 > 9.0
T (°0) <5 5-10 10-15 15-20 > 20
Factor <2 2 -4 4 -8 8 - 16 > 16
Electric
Conductivity < 250 250-750 750-2250  2250-4000 > 4000
(uS/cm)
Oxygen
(mg 0,/1) > 8 6-8 4-6 2-4 <2
DOC 1.2-2.1 1.6-3.0 2.2-4.0 3.4-7.2 8.7-10.5
(mg C/1) (1.6) (2.2) (3.0) (4.5) (9.4)
BOD 0.9-1.7 1.5-3.3 2.2-6.8 4.1-9.5 4.9-17.0
(mg”0,/1) (1.2) (2.3) (3.8) (6.6) (11.2)
PO, -P 0.03-0.09  0.10-0.48  0.15-0.66  0.47-1.24 1.1-3.0
(mg/1) (0.06) (0.21) (0.30) (0.78) (2.48)
NH, -N 0.06-0.21  0.09-0.29  0.21-0.94 0.55-4.7 2.4-28.0
mg/1 (0.10) (0.15) (0.45) (2.2) (19.4)
DOCL
(mg CLl/1) <0.01  0.01-0.02  0.02-0.04  0.04-0.08 > 0.1
E.colil 3
(nr/100 em”) < 10 10-100 100-500 500-1000 > 1000
P/R ~1 >1 > 10 > 100 >> 100
<1 < 1/10 < 1/100 << 17100
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Explanation and examples of Table 2

Base flow (BFQ) is a parameter used in water management. Factor (ratio
of the minimal or maximal value to the average value) describes the
potential for use on an annual basis.

Examples Class (A) Rine, Danube
(E) Elbe, Weser
(I} Main, Neckar

pH is a measure of the hydrogen ion, which influences biological and
chemical processes. For instance, if the potential water use is for fish
habitat:

Class (A) / (E) ideal : pH 7-8
{0) lethal : pH < 4.5 or > 10.8 (carp)
: PH < 4.5 or > 9.4 (rainbow trout)

Temperature influences the rate of chemical and biological processes.
Extreme values are found in arctic and tropical waters, hot springs and
heated cooling water,

Electric Conductivity is also used as a measure of salination. As such
it is of importance for agricultural purpcses
(Achtnich 1980).

Comparable
Electric Cond. Salt content

(uS/cm) (mg/1)
Classes

(a) < 250 0 - 200
For all plant species
(drinking water till + 350 mpg salt/l)

(E)
Slightly brackish _ 250 - 750 200 - 500
Not for extremely salt-sensitive plants

(D)

Strongly brackish 750 - 2250 500 - 1500
For plants that can endure salt on scils

with good permeability. Preferably with

additional salt-swab out

(0)

Very strongly brackish 2250 - 4000 1500 - 2500
Only for plants with a high salt-tolerance

on well drained soils. Reinforced salt-swab

out is necessary

(W

Extremely brackish > 4000 (-6000) > 2500
Only for plants with a very high salt-

tolerance on very well drained soil and

perfect salt-swab out
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Oxygen, DOC, BODS, PO&’ NHA' These parameters for the assessment of water
quality have a certain interrelationship with respect to oxygen
management and the load of organic substances.

The classes (A) - (U) represent different water quality classes; the
figures in brackets are averages (Source: Ministerium fir Erndhrung,
Landwirtschaft, Umwelt und Forsten Baden-Wirttemberg. Gitezustand der

Gewdisser in Baden-Wirttemberg 4, 1985/86).

Class (A) Very good oxygen supply, low amount of organic load
{I) Good oxygen supply, reasonable amount of organic load
{(E) Critical oxygen supply and organic load
(0) Bad oxygen supply and high organic load
{U) Very bad oxygen supply and very high organic load
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4 CLASSIFICATION OF STAGNANT WATERS

As long as limnologists have been active, they have made classifications

of stagnant waters. Early work was restricted to deep, freshwater lakes in
Europe. At a later stage, American and African lakes were studied and
occasionally shallow waters and brackish or saline waters as well. As a result,
literature on the classification of stagnant waters is based predominantly on
studies of European and American lakes. Only recently has more attention been
paid to shallow waters, intermittent waters, arctic and tropic waters, and
saline waters.

The approach of the early European workers was focused on structural
characteristics in lakes, while Americans developed methods to analyse the
functional characteristics. Both approaches aim at a classification on the
basis of trophic status. As biotic parameters result from a hierarchical set of
factors such as geographical region, climate, physical and chemical factors
etc, (in a way comparable to Fig, 14), classifications on the basis of abiotic

characteristics will be treated first.

4.1 <Classification according to origin

A well known classification, based on the origin of lakes, was made by
Hutchinson (1957). He states: "It is more convenient to classify according to
the general nature of the processes responsible for building, excavation, and
damming. Since these processes have acted locally, the resulting classification
tends to be regional, certain types of process occurring in certain areas of
the earth’s surface." In the preceding chapter on running waters the matter of
regionality was also discussed. It was shown that it is possible to find
general characteristics with regional applicability. The same procedure will be
followed with stagnant waters. Hutchinson discerns 76 types of lakes, grouped
into the following classes:

- Tectonic basins (9 types)

- Lakes associated with volcanic activity (10 types)

- Lakes formed by landslides (3 types)

- Lakes formed by glacial activity (20 types in 4 subclasses)

- Solution lakes (5 types)

- Lakes due to fluviatile actions (12 types in 3 subclasses)

- Lake basins formed by wind (4 types)

- Lakes associated with shorelines (5 types)

- Lakes formed by organic accumulation (3 types)
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- Lakes formed by the complex behaviour of high organisms (3 types)

- Lakes produced by meteorite impact (2 types)

In this classification deep and shallow lakes are treated together within
one class or even one type. For practical purposes it is often important
to know how deep the water is. All biological processes in water depend
on the input of radiation via the chain of primary producers, consumers,
and decomposers. The primary production is restricted to the upper layers
of the lake, where sufficient energy from sunlight can penetrate.
Moreover, temperature conditions in deep lakes show certain patterns
{4.3) that influence physical and biological properties in ways that are
quite different from the situation in shallow waters. The origin of lakes
can also be important for other factors of importance such as chemical
composition, Eut generally it is not sufficient as a sole factor in the

classification process.

4.2 Classification according to morphometry

Hutchinson (1957) gives the most important morphometric parameters
describing a lake. The best representation is a bathymetric map (Fig.
25), because it gives details about the distribution of shallow areas,
about the form (often an indication of the origin) and slope in all parts
of the lake.
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Fig. 25. Bathymetric map of Lake Maarsseveen I (Ringelberg 1981)

Morphometric parameters are:
Maximum depth (Zm). It can vary in time with variations in water level
Mean depth (z). The volume of a lake divided by its area (V/A).
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Volume (V). It is calculated by an integration over the area at each
depth.

Area (A), Determined by planimetry.

Length of the shoreline (L.).

Development of the shoreline (DL). Ratio of the length of the shoreline
to the length of the circumference of a circle of area equal to that of
the lake. It is a measure of the potential effect of littoral processes

on the lake, area being constant, L

b, = 2\ma

Ratio Z:Z
™

There are other parameters, but these are the most used. Although they
are excellent tools for describing a lake (and preferably a deep lake),
they are generally not used in classification,

In The Netherlands the following classification scheme, based on

morphometric characteristies, is used.

A Flowing and running waters

sources
brooklets, rivulets
streams and river-basins

B Stagnant waters. originated principal by functional morphomet

ditches, trenches

canals

urban waters in towns and villages
drinking pools

man-made lakes, impoundments

C Stagnant waters. not principally originated by functional morphometry

moorland lakes, mires, seepage lakes
coastal dune lakes

sand/gravel /peat-pits, quarries
alpine lakes

lowland lakes, meres, broads

D  Brackish waters

brackish creeks
tidal waters

Although the categories are not consistent in all respects, it is

nonetheless useful in practice. The classification is a dichotomal one,
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merely on the basis of morphometry. The number of possible combinations
is very high, which moreover presents a problem of functionality when
waters are considered as ecosystems. For instance, the biocommunity in a
ditch with occasional flow resembles the biocommunity of a slow runming,
canalized stream, but both types are treated totally separately; the
former in the category of stagnant, man-made, long and shallow waters,
the latter in the category of lowland streams. This is only one example
of possible problems with classifications based on a single factor that

is rigidly applied.

4.3 Classification according to thermal stratification

Since the end of the last century measurements in deep lakes have shown
the existence of different layers of water with respect to temperature.
In temperate regions the water in a lake in early spring is about 4°¢c at
all depths. Under the influence of radiation the upper water layers are
heated and in theory an exponential temperature curve is formed. In
practice however, two factors interfere: the upper water layer is cooled
by evaporation, causing convection currents; wind mixing causes the
downward transport of heat. A very characteristic temperature curve
results (Fig. 26) indicating an upper layer (epilimnion), a lower layer
(hypolimnion) and a relatively thin layer in between (thermocline or

metalimnion).
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Fig. 26. Temperature curve for April 30 (I) and mean temperature curves
for June 1-15 (II) and August 3-17 (III), 1936, Linsley Pond,
Connecticut (Hutchinson 1957)

= place of thermocline
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In autumn the reverse process is observed, when the upper layers are
cooled and the water is mixed again, resulting in a homogeneous
temperature condition. Lakes with two circulations a year are called
dimictic,.

There are conditions where circulation occurs only once a year or not
at all (monomictic and amictic). They are usually related to geographical
circumstances, but not always (Fig. 27). For the classical studies and a
more complete discussion we refer to Hutchinson (1957). Hutchinson and
Loffler (1956) devised a lake classification based on mixing patterns,
which was revised by Lewis (1983). Two figures from Lewis'’ publication
(Fig. 28 and 29) have been reproduced, and his definitions of the types

are also given.
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Fig. 27. Temperature curves at the height of summer stratification. Upper
panel: F, Flakevatn, Norway, a subpolar dimictic lake: C, Lake Cayuga,
New York, a first class temperate dimictic lake: I, Ikedako, Japan, a
warm monomictic (subtropical) lake: E, Lake Edward, Uganda, an oligo-
mictic lake (or more or less meromictic). Lower panel: Linsley Pond, and
Q. Lake Quassapaug, shallower dimictic lakes of the second clase, at
about the same latitude as Lake Cayuga; note the identical slope in the
metalimnion in spite of the greater area, and the more definite epilim-

nion in Lake Quassapaug in contrast to Linsley Pont (Hutchinson 1957).
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The classification of Lewis is purely dichotomic and selfexplanatory
(Fig. 28).

Ice Cover ?

/Y

Only one mixing per yr ? Sometimes ice-free ?

no yes
to \,e, /
Warm Amictic

Monomictic
Mixing daily ? Warms above 40

- 1
Discontinuous Continuus Cold Monomictic

Warm Polymictic Warm Polymiceie More than two wixings per yr 1

Dimith.c
Mixing daily ?

A\

Discontinuous Continuous
Cold Polymictic  Cold Polymictic

Fig. 28. Classification of lakes based on mixing (Lewis 1983).

Lewis (1983) describes the terms of Fig. 28 as follows:

1.
2.

Amictic: always ice-covered

Cold Monomictic: ice-covered most of the year, ice-free during the
warm season, but not warming above 4°¢

Continuous Cold Polymictic: ice-covered part of the year, ice-free
above 4°C during the warm season, and stratified at most on a daily
basis during the warm season

Discontinuous Cold Polymictic: ice-covered part of the year, ice-free
above 4°C and stratified during the warm season for periods of
several days to weeks, but with irregular interruption by mixing
Dimictic: ice-covered part of the year and stably stratified part of
the year with mixing at the transitions between these two states
Warm Monomictic: no seasonal icecover, stratified part of the vear,
and mixing once each year

Discontinuous Warm Polymictic: no seasonal icecover stratified for

days or weeks at a time, but mixing more than once a year
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8. Continuous Warm Polymictic: mo seasonal icecover, stratified at
most for a few hours at a time.

The distribution of the types is related to the latitude and the

elevation. Lewis combined these two factors Into the so-called "adjusted

latitude” and gives a graphic representation of the distribution of lake

types (Fig. 29).
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Fig. 29. Estimated distribution of the eight lake types in relation to
latitude (adjusted for elevation) and water depth (Lewis 1983).

fetch = distance over which the wind has blown

The exlstence of stratification and the different modes of mixing lake
water can greatly influence biological processes. If the water in the
hypolymnion is devoid of oxygen, which is often the case in hypertrophic
or polluted lakes, oxygen conditions in the whole waterbody can be very
bad after the autumn turnover. This can lead to fish kills. Until
recently the existence of stratification was thought to be restricted to
deep lakes (> 6-10 m) but Marshall (1981) and Kersting (1983) have also
shown steep temperature gradients with daily turnover in very shallow and
stagnant waters, such as polder ditches. Mixing then results in
unexpected low temperatures and low oxygen content In the waterbody

during the morning and early afternocon.
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4.4 Classification according to chemical composition

Chemical composition is of great importance as a classifying
characteristic. Chemical compounds can have many sources. For instance,
acid deposition not only acidifies the water, but also enriches it in
many cases. Indirect effects are the mobilization of heavy metals
(aluminium in particular) and a whole chain of events in the biocenosis.
Another source of chemical compounds is the bottom material, either in
the geoclogical sense, or in the the form of deposited material. The
latter can be internally formed, and also can be the result of transport
from the catchment area by streams or transport over land. The input of
inorganic and/or organic substances generally results in eutrophication
or pollution. Literature on this pollution is extensive and we will not
deal with polluted waters In this report.

As nutrients in the water influence primary production and further
levels of the food chain, some other properties of chemical composition
can be limiting for many organisms, such that only specialized species
can survive. One such category of waters is that of acid and very acid
waters (waters with very low or no alkalinity),and another is that with
very high concentrations of ions, generally salt or brackish waters. This
latter category especlally deserves separate treatment, because the

salinity dominates all other characteristics of the water bodies.

Saline lakes
The volume of saline lake water (104,000 km3) is almost as great as the
volume of the world's fresh waters (125,000 km3) {(Vallentyne 1972). These
saline lakes are frequently the only surface waters in large dry climatic
regions. Most saline lakes are small and shallow and may be ephemeral.
Some are very large and permanent (Great Salt Lake, USA; Lake Urmia,
Turkey, Lake Balkhash, USSR). Large shallow playa lakes (Lake Eyre,
Australia) contain water only once in a varying number of years. There
are also very deep saline lakes such as the Dead Sea (Israel/Jordan),
Issyk Kul (USSR).
The existence of saline lakes depends on the following special

conditions:

- evaporation exceeds precipitation;

- endorheic drainage basins;

- availability of soluble salts.
Potential evaporation exceeds precipitation In hyperarid, arid and

semiarid regions of the world and also sometimes in subhumid regions.
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Arid regions are not good candidates for saline lakes because water tends
to be ephemeral on the surface as in the world’s great deserts.

Saline lakes occur on every continent and research on them has been
carried out since the late nineteenth century. It was established fairly
early that species diversity decreased rapidly with increasing salinity.
Examination of osmo regulation and ion regulation, mainly by crustaceans
and insects, provided evidence that some species merely conformed to
environmental salinity above specific concentrations while others
maintained fairly stable internal concentrations as the external medium
became more saline. The latter group contains members such as Artemia
which are successful in extremely saline conditions. Primary production
and, to a limited degree, secondary production of many of the salt lake
ecosystems were studied. Part of the secondary production studies
involved investigations of life cycles of little known saline organisms.
Salt lakes cover the whole range of productivity; not all of them are
extremely productive as early studies seemed to indicate. Few studies
have looked at all trophic levels.

Saline lakes are also called athalasschaline, athalassic or
poikilosaline lakes. The term brackish waters should be restricted to
waters which are a mixture of seawater and freshwater (also called
mixohaline). There is a clear difference between lakes in contact with
the sea and real inland saline lakes. The latter can be "brackish"
(nearly fresh to very saline) and generally the salt concentration shows
great varability. The ion proportions of saline lakes are sometimes very
different from those in seawater. Be it possible to indicate exactly
which saline lakes are in real inland lakes, the salinity limit for the
division with fresh waters is a place somewhere on a continuum. In table

3 this division is shown in the different systems that are used.

Classification of saline lakes., The response of organisms in saline
waters has been related to salt concentration as a driving force for osmo
regulation. The main classifications therefore are based on salinity
concentrations as summarized in Table 3.

Hutchinson (1957) classified inland saline waters into three "extreme
types based on the prevalent anion, and therefore termed carbonate,
sulfate and chloride waters"., He also pointed out that ™all possible
intermediate mixtures exist". Williams (1964) suggested the use of total

dissolved matter and Talling & Talling (1965) used the electric
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conductivity., Iltis (1974) characterized the alkaline saline waters of
Chad as oligo-, meso-, poly- and eucarbonate waters.

Some classifications on the basis of biota have been proposed. Ziemann
{1968) developed a halobic index using diatom flora. Hussainy (1969)
applied several diversity indices to zooplankton communities, but this
method did not prove to be satisfactory in other lakes. Also macrophytes
have been used, but the problem with these classifications is that they
generally are site-specific and have no worldwide applicability.
Moreover, the salinity tolerance differs considerably for the same
species in different circumstances and the organisms do not fit in the
rigid categories of chemical divisions. The dominating role of ion
concentration justifies a classification on this basis. Hammer (1986)
concluded (p. 15): "Athalassic saline waters are defined as those having
salinities equal to or greater than 3 g 1-1 salinity. Freshwater lakes
have 500 or less milligrams per litre dissolwved salts. Subsaline lakes
are those which range from 0.5 to 3 g 1'1 5. The saline lakes are
categorized in three major groups according to salinity. These are
hyposaline (3-20 g 1-1), mesosaline (20-50 g l-l) and hypersaline (equal
or greater than 50 g 1_1). Extreme hypersalinity may also be a
justifiable category but its specific salinity is difficult to specify.
Although biota overlap the borders of these categories, many species tend
to be abundant in one or more of them. Some species can tolerate a broad
range of salinities (are eurysaline) while other species occupy
relatively narrow ranges and are, therefore, stenohaline and may more
easily fit to a specific salinity category."

Hammer (1986) also proposed a model (Fig. 30) for the relationship
between the number of species (algae, crustaceans, insects etc.) and
salinity. In the right part of the figure (B) the model proposed by
Remane (1934) for the transition from freshwater to brackish to marine
water is depicted. It is obvious that the left part of the figure (A),
indicating the circumstances in athalassic waters, is in distinct
contrast with Remane’s model. In this way the biological difference

between the two types of saline waters is clearly demonstrated.
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Table 3, Classification systems with respect to salinity of saline

with emphasis on athalassic lakes (Hammer 1986).
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The division in deep, shallow, and very shallow stagnant waters (Table 6)
iz based on freshwater systems. The classification of saline waters can
be treated separately, as long as it is clear that saline waters are
considered. There is a transition zone between a few hundred mg Cl-l'1
and 3 g.1_1 salinity. - -Salinity in this context is (according te
Hutchinson 1957) "the concentration of all the ionic constituents
present". It is recommended that Hammer's proposal of 3 g.l'l followed

and that all stagnant waters with lower concentrations be considered to

be fresh waters, that can be divided according to Table 6.

References

All information in this section is derived from Hammer (1986). His book
gives appendices with numerous data. In Appendix VII of this report these
have been copied to present a complete overview of data on saline waters

in the world.

Acid waters

Pure water, in equilibrium with CO, from the atmosphere, has a pH of 5.6.

Rainwater, therefore, must have a iH of 5.6 (if not polluted). Under
natural conditions nitrogen oxides occur in small quantities in the
atmosphere, so the pH of rainwater is slightly lower (5.5). Contributions
from the natural sulphur cycle {(Charlson & Rohde 1983) can further reduce
the average pH to 5. This starting position can be influenced by
pollution, as seems to be the case in large areas of the world. In
surface waters, many of which are fed predominantly by naturally acid
precipitation, the pH is directly related to the acid-neutralizing
capacity or alkalinity of the water. The equilibrium:

2 B + co32'/__: H' + HCO,” <= €0, + H,0

is most important describing the distribution of biologically important
ions over the pH range (Fig. 31).

is

Only a few species of aquatic plants can utilize free 002 (if CaCO3

present in the bottom). In this way, the absence of carbonate ions
restricts the presence of aquatic vegetation,

The fauna in acid waters is strongly influenced by the pH, because
physiological processes are related to acidity. To understand this we
refer to the scheme Havas (1981) developed for freshwater organisms in
acid water (Fig. 32},
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Fig. 31. Carbonate-bicarbonate equilibrium (Ringelberg 1976).
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The calcium regulation is the first process (when pH is lowered)
influencing animals such as snails, leeches that eat snails, and larger
crustaceans, At pH 5.5 or lower representatives of these groups are not
found. Some fish species are found in acid waters, but below pH 4.5 to 5
only adapted species occur. In the same way organisms from other groups
can be found in decreasing numbers of species as pH is reduced and only
specialized species survive in water with pH 4.5 or lower.
Unlike salinity, pH is not a factor requiring a separate

classification on its basis, but it is one of the most important factors
to be measured to evaluate the water enviromment for animals and plants

(and subsequently for man).

4.5 C(Classification according to trophic status

Classification according to trophic status is a classic battleground for
limnologists. From the beginning of limnclogical science, there have been
attempts to define trophy in many ways and numerous systems have been
constructed. Trophic status depends on the availability of the nutrients
for primary producers. In this context one could comsider trophic status
as a chemical as well as biological matter. In general, the biological
approach has been adopted. The most important nutrients are phosphate,
nitrate and carbon. Elements like silicium, calcium, iron and some others
are also indispensable for the growth of aquatic organisms. If one of
these chemical compounds is missing or present in low concentrations, the
growth of certain organims is hampered (limiting factors).

In essence, one distinguishes between low-productive (oligotrophic)
and high-productive (eutrophic) lakes. Over the years more classes have
been introduced such as mesotrophic, distrophic, hypertrophic ete. The
terminology and general approach were developed primarily by Naumann and
Thienemann early in this century., Naumann’s was the most fundamental
approach, connecting chemical properties and biological characteristics.
Naumann (1931) stated that six factors play a dominant role in biolegical
production (Ca, N, P, Fe, humic acids and suspended clay). Each of these
factors acts along a transect from low to high influence, called oligo-,
meso- and polytypic. No further quantification is given. Naumann studied
shallow waters and the epilimnion of deep waters and in his opinion the

system was applicable to many waters all over the world.
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Table 4. Biclogical characteristics of various lake types after Naumann
(1931).

Suspended
Type Ca Nand P Fe Humic acids clay pH
Alkatitrophic polytypic oligotypic oligotypic oligotypic oligo- o 8
mesotypic
Argillotrophic  oligo- to oligo- to ? oligo- to polytypic 7
polytypic polytypic polytypic
Eutrophic oligo- to meso- to oligotypic oligo-meso- oligo- to 7
polytypic polytypic typic mesotypic
Oligotrophic in —eligotypic oligotypic oligotypic oligo-meso- oligo- to 7
a strict sense typic mesotypic
Acidotrophic oligotypic oligotypic oligotypic oligo-meso- oligo- to 7
typic mesotypic
Dystrophic oligotypic oligotypic meso- to meso- to oligo- to b
polytypic polytypic mesotypic
Siderotrophic oligotypic oligotypic meso- to oligo- to oligo- to 7
polytypic polytypic mesotypic

In Table 4 the lake types are characterized by water colour,
phytoplankton, higher plants and bottom deposits. Naumann stressed the
direct relationship between nutrients and primary producers, unlike
Thienemann and his pupils, who neglected this relationship.

Thienemann (1925) developed a system based primarily on the presence
or absence of certain species of Chironomidae in the bottom sediments of
deep lakes. This means that he restricted his classification to deeper
lakes (temperate region) and that he based it on hypolimnion
characteristics. He found a relationship between the depth of a lake, the
temperature curve and the oxygen content in the hypolimnion, and the

species of chironomids (Table 5).
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Table 5. Lake types according to Thienemann (1925) modified

Oligotrophic

Eutrophic

Dystrophic

Distribution
Morphology
Hypolimnion/Epilimnion
Water colour
Transparency

Water chemistry

Suspended detritus
Deepest mud

0; in summer

O, under ice

Littoral plant production

Plankton

Benthos

Distribution with depth
Further succession

alpine and foot hills
deep, narrow littorat
hypolimnion large
blue-green

greact

poor in N and P
humic material absent
Ca variable

minimal

non-saprobic

60—70", minimum
decrease even with depth

as above

low

low guantity, present at
all depths, large diurnal
migration, seldom blooms
diverse, Tanytarsus fauna,
no Chaoborus

300-1000 animals/m?®

t-4 g dry weight/m?

constant
to eutrophy

Baltic lowlands and alps
shallow, broad littoral
hypolimnion small
brown-green, green-yellow
small-very small

rich in N and P

humic materiat slight

Ca usually high

rich, planktogenic
saprabic (gyttja)

0—40", minimum

decrease sharp in metalim-
nion

shallow—as above
deep—-as oligotrophic

rich

large quantity, small
diurnal migration

often blooms

restticted, Chironomus fauna,
Chaoborus usually present
2000~10 000/’

100 g dry weight/m?

decreasing
1o pond or meadow

mostly Scandinavia
variable

yellow—brown

small

poor in N and P

humic substances abundant
Ca low

rich, allochthonous

peaty (dy)

o~ ?%,, minimum

decrease sharp in metalim-
nion

strongly depleted in deeper
parts

low

low quantity, rarcly blooms

very restricted, Chironomus
(no C. anthracinus) or none,
Chaoborus probably always
present

10-20/m? or none

L0 péat—mnoor

Many authors have followed Thienemann in devising new systems or

commenting on existing systems always using Chironomidae and occasionally

including other benthic organisms (Alm 1922; Miyada 1933; Valle 1927).

Valle was the first to introduce the term mesotrophic, which has been

generally accepted and used. Brinkhurst (1974) gives an extensive

overview of trophic systems, emphasizing those of Thienemann and his

pupils (Alsterberg 1930; Berg 1938; Berg & Petersen 1956; Brundin 1942,
1949, 1956; Decksbach 192%; Deevey 1941; Jirnefelt 1925, 1953; Lang 1931;
Lastockin 1931; Lenz 1925, 1928ab, 1933; Lundbeck 1926, 1936; Pagast
1943; Pearsall 1921; Pesta 1929; Stahl 1959, 1966; Stelnbock 1953, 1958;
Thienemann 1913, 1918, 1931, 1954).

The use of chironomids undoubtedly was initiated by Thienemann and his
school, but the taxonomy of the larvae was badly developed. Moreover, in
some cases other benthic organisms were more dominant. This is one of the

points of criticism Stahl (1966) has put forward against these
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classifications. Other points were that factors other than oxygen supply
may limit the chironomid fauna (e.g. the nature of the sediment) and that
the systems are heavily oriented to the Palaearctic fauna. Hilsenhoff &
Narf (1968) found no real statistical correlations between the occurrence
of chironomid and other benthic species and the chemical and physical
characteristics of the system. Brinkhurst and collaborators have tried to
correlate oligochaetes and lake types. Problems that may arise are the
intralacustrine variations and the failure to relate the species to lake
types. The relative abundance of worm species, however, and the degree of
dominance of worms over other benthos turned out to be a useful tool. An
important conclusion (Brinkhurst 1974: p. 29) is : "More precise sampling
soon shows that species lists can usually be lengthened by both extensive
and intensive sampling, but the proportional representation of worm
species so revealed suggests the same story: the species found at a given
spot in quick surveys are those that prove to be the most abundant at
that site when proper samples are taken. Both in the saprobic system and
the lake typology, sampling must be carried out very carefully in order
to establish relative abundance of species rather than lengthy species
lists."

Despite these criticisms many authors still use the systems of
Thienemann (and Naumann) (Dambska 1984) or keep on trying to prove the
use of chironomids for lake classification. Saether (1975, 1979) and
Wiederholm (1980) improved Brundin's classification and Kansanen, Aho and
Paasivirta (1984) tested this classification with multivariate
statistical methods. They found that the availability of food is the
primary controlling mechanism in the profundal chironomid communities and
that at a depth of 3-5 m the controlling mechanisms are related to water
quality and trophic status. The problem stipulated here concerning
differences between the deep parts of lakes and the shallow littoral =zone
leads to one of their conclusions: "A need to produce a benthic lake
typology based on sublittoral or littoral fauna is apparent from the
practical point of view". Finally, with respect to chironomids, Aagaard
(1986) studied 50 lakes in northern Norway and he gave the Interrelation-
ships of the chironomid communities and lake water parameters. The best
correlation was found with organic parameters (chlorophyll a and Ptotal
divided by the depth). Other abiotic and hydrographic parameters turned
out to be of less value. This agrees with the results of studies from
Saether (1979) and Wiederholm (1980). Aagaard concludes: "In relation to

several other possible methods of monitoring trophic levels, the chirono-
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mid community classsification method represents an inexpensive and fairly

reliable solution.”

INTERMEZZO

While reviewing the literature on the classification of stagnant waters,
it became clear to this author that a tripartite of stagnant waters would
usually facilitate the approach to any water body. In practice scientists
studying lakes generally refer to deep waters, they have their own
methods and terminology, and they develop theories and hypotheses that
are not applicable to shallow waters. On the other hand very shallow
waters (or wetlands) have their own problems, quite different from those
in lakes and students in this field of limnology form a separate world in
comparison to the others. For this reason the tripartite of Table & was
proposed at the 23rd meeting of the SIL in New Zealand, February 1987.

The reactions were very positive. People asked for preprints for their
seminars and even for insertion in a handbook on limnology. One reaction
was focused on the matter of brackish and saline waters (the reason for
inserting the chapter on Saline Lakes}. In the year following the
construction of Table 6, many other publications have supported the value
of a tripartite approach to stagnant water classification. The table is
self-explanatory. The depth as criterion must be handled with some care;
other characteristics may be more important in determining the category.
A lake with a depth of 8 m deep, for example, that is protected against
the wind, can exhibit all characteristics of a deep lake. The boundary
depth of 10 m is obviously not valuable in that case. A very shallow
diteh in The Netherlands (50 cm) can keep water during the summer and an
African lake of 150 cm of depth can dry up totally. For this reason, the
lower boundary between very shallow and shallow is somewhere between 1
and 2 m.

END OF INTERMEZZO
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Ecological characteristics of stagnant waters. The example is

predominantly based on data from the temperate region.

DEEP

(> 10 m)

Large water volume with minor impact of level fluctuations.
Diurnal variations in temperature and oxygen content are small:
(bi-)yearly circulation (sometimes one or none); stratification.
Plankton in epilimnion: submerged and emergent macrophytes in
littoral.

Diptera larvae, Oligochaeta and Mollusca in hypolimnion: low
diversity. Diversity in epilimnion (littoral included) generally
high.

SHALI.OW

(10-1 m)

Water level fluctuations can be considerable in relation to
volume. Diurnal and annual variations in temperature and oxygen
content can be considerable.

In deeper waters of this category real plankton; if shallow
tychoplankton. Emergent macrophytes along the shore, submerged

ones towards the centre. Diversity very high.

VERY

SHALLOW

(<1-2 m)

Water level fluctuations large (until drying up); in arctic
zones this category can be completely frozen for months.
Diurnal and annual variations in temperature and oxygen content
high.

Concentration of minerals etc. by evaporation; salination; the
system is fundamentally changed when dried up. Emergent
vegetation (sometimes covering the entire water body) and
submerged vegetation: ingrowth of terrestrial and shore
vegetation. Tychoplankton, epiphyton and filamentous algae.
Organisms of shallow water and ephemeral water: also (semi-)
terrestrial. Diversity low in extreme conditions, high in
permanent pools where the conditions resemble those of shallow

waters,
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Table 4 shows Naumann's approach to lake typology which incorporates
primary producers (phytoplankton and higher plants). This line of
research has variably been followed, amended, improved or rejected,
Phytoplankton has been used in a qualitative and a quantitative way, as
net production, as chlorophyll a, as biomass and as a trophic index.
Kuznetsov (1970) after giving a short historical view of classification
systems, states: "A comprehensive classification of lakes is impossible
because of their great variety in nature and the abundance of factors
that can serve as the main identification. In our view, the problem can
be sclved by using certain gross features, and here we return to the
classification of Thienemann-Naumann. Indeed the terms oligotrophic,
mesotrophic, eutrophic, and dystrophic provide a fairly accurate general
picture of a lake."

A frequent criticism of Naumann's approach is that he considered the
biomass (standing crop) of the phytcoplankton as directly related to the
primary production of organic material. One must therefore talk about the
biomass per time unit. The direct measurement of primary production,
however, (Elster (1958), for example) meets enormous practical problems.
Moreover, the actual production may not reflect the possible production
{(Ruttner 1952). Rohde (1958) proposed that an internationally accepted
choice be made between the use of production or the production
possibilities for a description of trophy. He proposed to use the rate of
pPrimary production and to abandon all trophic lake types except
cligotrophic and eutropic noting that "Other characteristics of lakes
(such as their chemical and physical conditions, morphometry, secondary
production, as well as qualitative characters) may conveniently be
compared and defined for various lakes, if plotted against the trophic
axls as abscissa."

Here again one of the leading scientists returns to the original
approach., Cne remark is necessary in this respect; when lakes are
concerned one talks about deep lakes in general and about shallow lakes
(Table 6) only when they are deep and large enough. Elster (1958) points
to the necessity for measuring the primary production of the littoral as
well, in order to be able to estimate the trophic status of the complete
lake. Here again we find the division into deep and shallow, as was
remarked in the discussion of chironomids. Nygaard (1958) gives an
example of the productivity measurement of the bottom vegetation and
Canfield et al. (1983) stress the necessity to include figures about the

phosphate content of macrophytes in the littoral for estimation of the
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total P content in a lake.

Finally it is worthwhile to draw attention to Ohle (1958) who pleads
for a quite different approach, namely bio-activity, which is the sum of
kinetic energy converted to potential energy (and vice versa) per unit
time and water volume or water surface area. He distinguishes olige- and
eudynamic water. Fig. 33 shows four types of lakes, where a and b are
oligodynamic and ¢ and d eudynamic. This method seems rather complicated
for practical use, but fundamentally looks quite promising.

Trophic status is related to quantities of nutrients, sc it seems logical
to use quantitative parameters such as biomass, production, productivity
etc., A qualitative approach may be used as well, because many organisms
have been recognized as indicators of trophic status. Examples include
applications using chironomids and oligochaetes. Despite a lot of
criticism, people keep trying to make classifications with the help of
species lists and/or trophic indices. Generally these are only applicable
in a certain geographical area, particularly when secondary producers are
used. Phytoplankton and to a lesser extent higher plants have been used
with some success, especially since phytoplankton species tend to be more
ubiquitous than most other aquatic organisms.

Nygaard (1949) counted the species of some phytoplankton groups and
formulated his trophic quotient as the number of species of Cyanophyceae,
Chlorococcales, centric diatoms and Euglenophyceae, divided by
Desmidiaceae,

Pearsall & Pearsall (1925) have laid the basis for this approach and
like Nygaard others have developed similar indices (Thunmark (1945) only
used Chlorococcales and Desmidiaceae). Regionally-specific different
quotients have also been developed. In The Netherlands some limmologists
made new ones (Schroevers 1966; Dresscher & van der Mark 1976).

Round (1958) is in favor of indicator organisms and he lists some
phytoplankton species in North English lakes. Margalef (1958) combines
indicator species in a phyto-sociological way, using plankton species
from North Spanish waters, Hérnstrém (1981) as well as Rosén (1981) give
extensive lists of phytoplankton specles, together with well defined
abiotic characteristics, thus describing the status of a water within

clearcut limits with the help of these lists.
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Fig. 33. Relationships between the different elements of the production

process characterizing the bioactivity (after Ohle):

1) total production: 2) net production: 3) organic matter buried in
sediments: 4) decay of organic matter in the sediments: 5) decomposition
in the hypolimnion: 6) decomposition in the epilimnion: a) arctic lakes:
b) alpine lakes; c) lakes of the temperate zone: d) tropical lakes.
(Kuznetsov 1970).

The idea of associations of indicator organisms, characteristic of
certain water types, is recognized in Reynolds'’ (1984) approach which
includes the periodicity of phytoplankton in lakes of different trophic
status (Fig. 34). This example is based on temperate lakes, but similar
events also take place in African lakes. Talling (1984) relates
phytoplankton seasonality in deeper tropical lakes to seasonal changes in
thermal (density) stratification, which is often strongly influenced by
the wind regime. In shallow tropical lakes without stratification, algal
seasonality is either influenced by the hydrological regime or does not
exist at all. Rott (1984) has followed the same procedure as Reynolds and
finds a comparable scheme (Fig. 35). Two of his conclusions are:
"phytoplankton assemblages follow some general patterns which are
determined in quality and quantity by the trophic status™ and
"phytoplankton bicvolume is at least as valuable a component of lake
eutrophication studies as chlorophyll-a",

It seems that at least in deeper waters, promising progress is made

with the use of phytoplankton for trophic or classification studies. In
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shallow waters in temperate regions periodicity has been observed, but it

has not yet been as elegantly described as in Figs 34 and 35.
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Fig. 34. Assemblages of temperate phytoplankton (A-S, X, Y) and some
representative species, one or more of which grow well in the type of

lake and during the approximate seasons of the year as indicated
(Reynolds 1984).
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4.6 Classification according to flora and fauna

In the preceding pages water classifications were occasionally based on
organisms, and in most cases closely related to trophy. In general these
systems are applied to deep waters. Shallow and very shallow stagnant
waters have received less attention.

There are many organisms, plants as well as animals, about which the
ecological requirements are well known, including the type of water they
prefer. The problem, as mentioned before, is the restricted distribution
of most of these organisms. Therefore, classifications on the basis of
triclads (Reynoldson (1958), water boatmen (Savage 1982) or even ducks
(Murphy et al. 1984) are restricted to regional conditions. The same can
be said about fish (Tonn et al. 1983; Johnson et al. 1977), crustacean
plankton communities (Patalas 1971} and diving beetle communities (Larson
1985). The latter includes small and shallow waters, as well as running
waters, and seems to be applicable for general ecological classification
purposes (Fig. 36). Schleuter (1985) studied small water bodies in a very
restricted area. It is, however, one of the few examples where small
water bodies are classified with the help of macro invertebrates.

Plant sociologists have a long tradition of classifying associations
of plants, but they seldom classify water bodies on the basis of plant
associations. The work of Haslam (1982) and Weber-Oldecop (1981) is
certainly useful in this respect. Classifications utilizing aquatie
macrophytes have been made predominantly in Northern Europe and generally
on the basis of investigations of a great number of lakes (Iversen (1929)
and Mathiesen (1969) in Denmark, Linkola (1916), Cedercreutz (1947),
Maristo (1941) and Rintaanen (1981) in Finland, Braarud (1932), Braarud &
Aalen (1938), Reiersen (1942) and Hauge (1957) in Norway, Blomgren &
Naumann (1925), Samuelsson (1925), Almquist (1929), Lohammar (1938),
Lundh (1951 a & b) and Jensén (1979) in Sweden, Grigelis (1985) in
Lithuania and Donat (1926) and Sauer (1937) in Germany).

In general, these classifications take other characteristics of lakes

such as trophic state, into account as well,
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General successional trends of phytoplankton assemblages in

Tyrolean lakes of different trophic status (low- and mid-altitude (Rott

1984)).
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Entire lakes can be classified using these methods, but there are also
examples of different vegetation types within one lake. They are
considered as a complex of types, occurring in the same basin (Jensén
1979). This internal variation can, for example, be caused by the
occurrence of an inlet and an outflow. Some authors include these as
different types, others ignore the vegetation at the lake ends and only
consider the lake as a whole. Jensén (1978) gives a good overview of the
literature and he advises classifying lakes on the basis of three
life-forms. He distinguishes helophytes, nymphaeids and a life-form group
elodids/lemnids/isoetids as the true macrophyte composition of a given
lake. Methods like this one can also be used to classify shallow and very

shallow waters,

Temporary waters

Lamoot (1977) made a classification of intermittent waters in the
savannahs of the Lamto region in Ivory Coast. His classification is based
on macrophytes and the heleoplankton. The pools are very shallow and dry
out during the dry season. Although the area is small, the results can
probably be used for more parts of Africa.

Intermittent pools are an important type of very shallow waters and
they are to be found in large areas of the world. Wiggins, Mackay and
Smith (1980) studied temporary pools in Ontario and they reviewed an
enormous amount of literature on the subject, with emphasis on life
strategies of organisms. The following summary provides a detailed

picture of one class of waters.

Fig, 37. Distinction between temporary vernal pool (upper figure) and
temporary autumnal pool (lower figure); letters indicate months, vertical

scale indicates depth of water (Wiggins, Mackay & Smith 1980).



-64 -

In temperate latitudes one finds two types of temporary pools, vernal and
autumnal (Fig. 37).

Classifications of temporary waters have been previously made on the
basis of physico-éhemical factors, but in the authors’ opinion the dry
period is of greater importance, They give a number of factors that have
to be considered: - length of the dry/wet period; - canopy; - vegetation
in the pool; - ion concentrations; - temperature
Generally the concentration of inorganic ions is comparable to that of
non- temporary freshwater pools (in temperate regions!), but sometimes it
is very high. Nutrients can reach the pool by run-off and they are
adsorbed frequently to particles. The nutrients are used by plants in the
dry period and may be released in the wet period when terrestrial plants
die. Canopy provides dead leaves and is therefore an important source of
organic material.

Life strategies of organisms in temporary pools can be of four types:
1. Permanent residents capable of only passive dispersal. Some of them
aestivate and overwinter as stages resistent to desiccation (certain
Turbellaria, Bryozoa, Anostraca, Cladocera, Copepoda and Ostracoda) or
they periodically live in the bottom during dry periods (Oligochaeta,
Hirudinoidea, Decapoda, and Mollusca),

2. Animals capable of some dispersal (certain Ephemeroptera, Coleoptera,
Trichoptera, Diptera together with parasitic mites). Oviposition takes
place in spring on water; aestivation and overwintering is in the dry
basin in various stages of the life cycle.

3. Animals that enter the pool basin after surface water has
disappeared, because oviposition is independent of water; eggs or larvae
overwinter (certain Odonata, Trichoptera and Diptera)

4, Animals with well-developed powers of dispersal that leave the
disappearing pocl and usually pass the dry phase in permanent water. They
return to oviposit in the temporary pool in the follewing spring (certain
Ephemeroptera, Odonata, Hemiptera, Coleoptera, Diptera, Amphibia, and
mite parasites of Hemiptera and Coleoptera).

The authors state that "This group concept allows distinction to be
made among the varied ecological strategies for exploiting resources of
temporary pools, and provides a framework for community analysis and

prediction,"”
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5 HOW TO PROCEED?

The main result of this study is the classification of Figure 1. For
practical use an expert system must be developed, that can either be
handled by personal computer or manually in the form of a decision key.
The data in this report can be used as a basis for the extension of Fig.
1. Regional and local applications are possible but for many regions the
data needed are limited or not available at all.

Classification is a method of combining similar elements out of a
group of diverse elements, in order to achieve groups that differ more
from each other than from the mutual elements within the group.
Classification of surface waters on an ecological basis meets a multitude
of criteria, as has been shown in the preceding chapters and the purpose
could be described - rather vaguely - to divide waters into classes of a
more or less homogeneous "ecological structure” (in its natural state).

We have described the most important criteria - those which have an
overall impact on structure and functioning of aquatic ecosystems
according to a hundred years of limnological research. The wide variation
of plants and animals (the biotic part of ecosystems), as well as the
fundamental differences in abiotic factors on a worldwide scale, make
clear that only the roughest classification can be made for the waters of
the world. All classification systems with practical applicability are
therefore restricted to regional use. Many such systems have been
developed, and in most cases they give good results. It is, however,
rather difficult to make a choice from among these systems for any given
new situation. The following method, used in recent studies in The
Netherlands, should be of some help in classifying waters on an
ecological basis. The method is called an ecological typology of surface
waters.

Simply stated, the method consists of combining abiotic and biotic
measurements of a number of surface waters into computable units, which
are subjected to a clustering and an ordination program. In Fig. 38 the
processing of the data is depicted. Further details on the method may be
found in Ter Braak 1986.
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Fig. 38. Data processing of macrofaunal taxa and enviromnmental variables

of'a number of sites (Verdonschot & Schot 1987).

As an example of the method a classification of springs in The
Netherlands is given. In Fig. 39 the results of multivariate analysis of
data from springs in the Province of Overijssel is depicted. The contour
lines indicate the habitat clusters, the arrows the most important envi-
ronmental variables (interset correlation greater than 0.3). A relatiom-
ship is positive in the direction of the arrow and negative in the oppo-
site direction. The position of the habitat clusters is determined by
combinations of macro-invertebrates. The arrow of an environmental
variable points approximately in the direction of steepest increase of
that variable across the ordination diagram and the rate of change in
that direction is equal to the length of the arrow. This means that the
relationship of a site (or site group) to one of more important environ-
mental variables is visualisized by its perpendicular projection on the
environmental arrow or its imaginary extension (in both directions).
Within the diagram these site groups and environmental arrows should be
seen as relative projections upon each other. Sites in the centre of the
diagram may have their optima here, but may be independent of the axes as
well. Sites with a poor or aberrant taxonomic composition often lie in
the peripheral area of the diagram, due to their specific environmental

situation or to chance.
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Fig. 39. Detrended canonical correspondence analysis ordination diagram
of taxa and environmental variables for axes 1 and 2, with the six

habitat clusters (contour lines) (Verdonschot & Schot 1987).

The six habitat clusters from Fig. 39 have been reorganized (Fig. 40),
so that related clusters have been combined to form so called biotypes.
Verdonschot & Schot give the following explanation.

"A biotype is defined als an ecological entity occurring in a certain
biotope and meeting the specified typological criteria. A biotype
develops or becomes impoverished in due course under the impact of
environmental changes, and will therefore occur in a particular
developmental stage (succession stage).

We conclude that clusters A. C and E belong to the biotype of
helocrene springs. The cluster sequence (E. G, A) reflects an increase in
eutrophication and/or (secondary) organic enrichment due to anthropogenic
activity. Cluster B belongs to the biotype of temporary neutral seepage
marshes. Clusters D and F belong to the biotype of temporary acid seepage
marshes. The drought period is longer in F than in D."

The last step is combining the data from all over the country and
processing these according to the described technique. Preliminary
results have been depicted In Fig. 41. The letters A/F have been replaced
by numbers, indicating the hierarchical nature of some of the clusters.
The blocks represent species lists and some of these are directly related

to the clusters from Fig. 40.
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ECOLOGICAL TYPES OF RUNNING WATER BASED ON STREAM HYDRAULICS
IN THE NETHERLANDS

LW.G. HIGLER and AAW.M. MOL

INTRODUCTION

In common pariance one speaks of streams and rivers, meaning smaller and larger running
waters. For many purposes however, a more detailed division in running waters is needed and
here the problem of the definition of types arises, One of these purposes is the water quality
assessment by means of biologicat criteria which requires frames of reference. To avoid circular
arguments a thorough analysis of the factors that determine life conditions for organisms has
to be made, In this study we réstrict ourselves to running waters in The Netherlands, but the
method is applicable to most running water systems in the world,

LIFE CONDITIONS IN RUNNING WATERS

Except for the targe rivers all running waters in The Netherlands are fed by ground water.
The ground water level in its turn is fed by the pracipitation surplus averaging some 200 - 400
mm.yr—?, This is the main climatological parameter detesrmining the discharge of Dutch streams.
The composition of the soils and the slope of the terrain form sink and source functions
determining place and quantity of the visible discharge. The Dutch streams are situated in
areas with sandy soils where impermeable clay and loam layers prevent the disappearance of
water to greater depths. In the hierarchical scheme of Fig. 1 the climatological and
geomorphological parameters feature the Dutch situation. They define the characteristics of

Climate and rainfali ground slope -l soil compasition J
hol precipitation (a.0. J)
Geomorphology (surp'lus)
200-400 mm/year
___________ _____1_____ B Tl & ettt
Characteristics structure of regime properties storage capacity
. discharge area {Faber 1972) S0uUrces, seepage
of the discharge (Horton 1945) permanence of stream
area (de Vries 1977)
______________ l______,_____._____ tr---—————————--
Characteristics stream dimensions [ water chemistry |shore vegetation
{a.,0. R)
of the streams l ~=autumm shed leaves
stream veloCity " battom type j— temperature
2 ﬂ i H
v:;— J!R’ o
n aguat. v?geta 'O"J‘

fauna I‘

Fig. 1. Scheme of factors controlling the conditions for the aquatic fauna in running waters,
J = measure for the slope of a stream; R = hydraulic radius; n = measure of the roughness
{in streams from 0.025 to 0.050); v = mean velocity,
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discharge areas such as the pattern of the branching water courses of a main stream and its
tributaries. This pattern can be a widely branched system with numerous tributaries, fed in its
turn by smaller tributaries etc. It can also be formed by a stream in a long and narrow valley
with only primary tributaries that run more or less parallel to the main stream. These spatial
characteristics are summarized as 'structure of discharge area’.

The temporal characteristics, indicated as ‘regime properties’, point to the yearly
discharge pattern. Many streams have low discharges in summer and high discharges in winter or
spring; others have deviating discharge patterns (FABER, 1972). At this level of the hierarchical
system we are dealing with phenomena like the storage of ground water, springs, sespage and
lasting or stagnant discharge,

The spatial and temporal characteristics of discharge areas directly influence the
dimensions of streams of which the hydraulic radius (R) is an important. mean. Together with
the slope of the terrain {virtually the slope of the energy line), here represented by J, this radius
determines the stream velocity as indicated by the well-known formula of Manning. A number
of other factors influence the stream velocity by means of the roughness {n}. In considering the
life conditions for invertebrates in running waters we have to deal with secondary factors such
as water chemistry, canopy, etc, as is indicated in Fig. 1. For the purpose of this study,
however, we focus on stream hydraulics, being the basic parameters for a classification of
running waters.

STREAM HYDRAULICS

Manning’s formula runs as follows: v = 1/n.J1/2,R2/3 {1
inwhich v = mean current velogity {in m.s—1)
n = roughness
J = ground slope
R = hydraulic radius {in m)

The factors defining the current velocity can be divided into two groups. Ground slope and
roughness are local conditions, whereas the hydraulic radius is the result of factors concerning
the total discharge area and the amount of precipitation.

Ground slope and roughness are taken together as a single focal factor, the “terrain factor’
Cr.

Gt = 1/nJl1/2 (2}
From {1) and (2) follows :

v = CR2/3 or

log R= 3/2logv— 3/2log Ct {3)

In a logarithmic CyR-diagram therefore the current velocity is represented by straight lines with
a slope of — 3/2 (Fig. 2).

Of the two components of Cy the ground slope can be measured easily. It is the difference
in height between two stream localities, divided by the distance along the stream course.

The roughness (n) is experimentally determined as varying between 0.01 and 0.05
(NORTIER and VAN DER VELDE, 1968). The extremes are found in straight concrete gutters
with little resistance on the one hand and in natural, meandering streams with stones and
vegetation on the other, In natural streams n may vary from 0.035 to 0.05 depending on the
season and soil conditions.
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As a consequence, there is a variation in C¢ described by

Ct{max) n{max)-J11/2
A Ct = log Ct(max) — 109 Ct(min} = log =log ———
Ct{min) 1/n{min)-J21/2

At a certain locality the ground slope is a constant factor, The natural variation of Cy, therefore,
caused by micro-geological factors, may be described by

N(min) 0.050
ACG = log = log = 0.1856
N{max) 0.035
Vi
Vmin
| T= ) \ ) \ \
0 X axe
4=
{ AN AN AN N
o \
2
o t9-°‘=3/2
A Ct
0,155x

———
scale unit log. Ct

Fig. 2. Localization of a sampling station in the C;R-diagram (explanation in the text),

Therefore, all localities with the same ground slope in the CtR-diagram can be found in a
vertical belt with a width of 0,155 times the scale unit {Fig. 2}.

The hydraulic radius {R) is composed of the wet cross-sectional area of the stream (A),
divided by the wet outline of this cross section (0). R is not a constant, but it varies with the
water level, as variation of the water depth affects both A and 0 in different ways.

tn most streams there is a large difference between maximum and minimum water depth,
if measured over longer periods. This variation rate decreases rapidly, however, when the
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extremes are excluded {Fig. 3). The natural variation rate of R, 2 R, of a locality may be
reduced to & Ry 9 (Fig. 2).

Owing to the specific values of & Cy and & Rx %, each stream locality can be represented
in the CyR-diagram by a limited area, including x % of all natural conditions occurring on that
locality (hatched area in Fig. 2). The maximum and minimum mean velocity {V max: ¥ min)
on that very locality can be read from Fig. 2.

1 i3 41

w
(=]
1

Number of days with sub-normal level
[
(=]
(=]
i

NLLN
[

7 8 9 10 11 12 13 14 15 16 17
Waterlevel Lobith in mt NAP

Fig. 3. Waterlevel duration-curve of the river Rhine at Lobith in 1982, Sub-normal level in this
case means the number of days with a water level lower than the level indicated by the curve.
NAP = Normal Amsterdam Level,

APPLICATIONS FOR A TYFOLOGY OF RUNNING WATERS

If observations of a large number of water courses are plotted in a CyR-diagram, isolated
clusters on a world-wide scale are not to be expected, All features involved show a gradual
variation.

Obviously, water courses with about the same features are found together in certain parts
of the diagram. Whether isclated or not, groupings of observations enable us to distinguish types
of running water which are represented by blocks in the diagram. Vertical border-lines of these
blocks separate types of landscape whereas horizontal bordertines separate water courses of
different dimensions. The hydraulic radius has proven to be a useful tool to define the
horizontal subdivision,

A classification of Dutch running water based on the method described is presented in
Fig. 4, A large number of data from literature and own measurements provided the means for
clear definitions of well-known, but so far woolly described water types such as 'large rivers’,
'foothill brooks’ or ‘lowland streams’.
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Fig. 4. The C;R-diagram, defining types of running water in The Netherlands based on
measurements of the slope of the water surface and the hydraulic radius. The mean current
velocity follows from the diagonal lines. Further explanation in the text.

Fig. 4 covers a wide range of implications. Apart from specific water types, there are
intermediate ones. These intermediates may be found between the vertical border-lines, e.g.
between foothill brooks and lowland streams, An example is found in the ‘Rodebeek’ in the
central eastern part of the province of Limburg. Larger streams and rivers can follow a path
from source to lower reaches running through several blocks. In cur concept therefore, a river
cannot belong to one certain type.
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The right part of the diagram offers the possibility to incorporate mountain streams, a
type not present in The Netherlands. In Fig. 4 there is a right-left gradient leading from fast
running to stagnant waters, and, besides, a top-bottom gradient leading to nearly terrestrial
systems.

BIOLOGICAL IMPLICATIONS

{n the frame of this article we shall not deal with detailed lists of species as can be found
for the different categories of stream habitat, defined by the CyR-diagram, We only make some
general remarks.

No running water species is present in all parts of the CyR-diagram, Some have a very
restricted distribution and are only to be found in 2 small area of the diagram, often only in one
block. Others are more tolerant and are to be found in two or more blocks, Such differences
can be found within one genus, as is indicated for species of the caddisfly genus Hydropsyche
(HIGLER and TOLKAMP, 1983), as well as in higher taxonomic levels. In Ephemeroptera,
for example, we found species restricted to foothill brooks, others only occurring in lowland
streams and also a special group of species, characteristic in its combination for the intermediate
type as mentioned before { Rodebeek).

The zonation of streams is a well established phenomenon (I LLIES and BOTOSANEANU,
1963; BOTOSANEANU, 1979). In this light it will be obvious that a succession of species
groups from bottom right to the top can be visualized in Fig. 4 in accordance with this concept
of zonation. In The Netherlands, we anly have historical data about the occurrence of insect
larvae in the lower stretches of the large rivers.

Even then, a succession in large groups of caddis, mayfly and stonefly larvae can be
demonstrated.

ABSTRACT

The factors determining |life conditions in running waters can be arranged in a hierarchical
scheme. One of the main factors is stream velocity, which is described by Manning's formula,
By transformation of the formula a set of variables is acquired with which a diagram is
constructed to contain all hydraulic conditions in running water, By measuring the ground slope
and the hydraulic radius at a certain station this station can be placed in the diagram. Data from
Dutch streams and rivers form definite clusters enabling us to describe types of running waters
on this base. The distribution patterns of stream organisms in accordance with stream
hydraulics can be fit into the diagram as well.
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The River Continuum Cancept (RCC) is a generalized conceptual framework for characterization of
pristine running water ecosystems. Of the numerous tenets of the concept we particularly reevaluated the
following: biological analogues of energy equilibrium and entropy in the physical system; maximization of
energy consumption through continuous species replacement over a year; absence of succession in
stream ecosystems, which can thus be viewed in a time-independent fashion; and maximization of biotic
diversity in midreaches of streams as a result of the occurrence of highest environmental variability there
together with spatial abundance shifts of insects, moliuscs, and crustaceans. When emphasis is placed on
rapid changes in the downstream hydraulics dependent on discharge and slope (both of which are
expressed by stream order in the RCC and are key factors of the concept) and on resuits from tropical
studies, some of these tenets are partly refuted or need extension. Some of them are in conflict with the
current state of knowledge in other domains of stream ecology or are at least open to various interpre-
tations. Therefore, we advocate modifications of the theoretical background of the RCC,

Le concept de continuum du milieu fluvial (CCMF) est un cadre conceptuel généralisé pour la caractérisa-
tion des écosystemes lotiques vierges. Parmi les nombreux principes de ce concept, les auteurs ont
réévalué en particulier les suivants : les analogues biologiques de I'équilibre énergétique et de I'entropie
dans le systeme physique; la maximalisation de la consommation d’énergie par le remplacement continu
des espéces au cours d’une année; I'absence de succession dans les écosystémes lotiques qui peuvent
donc étre considérés indépendamment du temps; et la maximalisation de la diversité de la faune et de la
flore dans les sections mitoyennes de cours d’eau, maximalisation due a la présence d'une variabilité
environnementale optimale en plus de variations spatiales de I'abondance d'insectes, de mollusques et de
crustacés. Certains de ces principes sont en partie réfutés ou doivent étre élargis quand on met {"accent sur
les variations rapides de I'hydrodynamique des eaux d’aval qui dépend du débit et de la pente {ces deux
facteurs-clés du CCMF sont exprimés selon la position du cours d’eau dans le concept), et sur les résultats
d’études du milieu tropical. Quelques-uns de ces concepts entrent en conflit avec les connaissances
actuelles sur d’autres aspects de I'écologie lotigue ou au moins peuvent étre interprétés de diverses fagons.
Les auteurs recommandant donc des modifications des éléments théoriques du CCMF.
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he question of how headwater and downstream €co-
systems vary in structure and/or function was and re-
mains a central issue of running water ecology. At the
beginning of the 1970's a group of North American
stream ecologists started a new approach to this question, which
resulted in the River Continuum Concept (RCC) (Vannote et al.
1980). The authors of the concept consider it as a framework for
a characterization of pristine running water ecosystems, “de-
scribing the structure and function of communities along a river
system” in relationship to the abiotic environment. The RCC
stimulated immediate comment and avid discussion (Winter-
bourn et al. 1981; Barmuta and Lake 1982; Culp and Davies
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1982; Hauer and Stanford 1982; Taylor and Roff 1982,
Winterbourn 1982; Cole 1983; Gray et al. 1983; Rounick and
Winterbourn 1983; Stanford and Ward 1983; Ward and Stan-
ford 1983; Townsend and Hildrew 1984"). Recent contributions
from the RCC proponents (Cummins et al. 1983; Cushing et al.
1983; Minshall et al. 1983; Bruns et al. 1984) modify some
ideas of Vannote et al. {1980}, but generally support the RCC.
From personal discussions and unpublished manuscripts we
gather that further modifications and clarifications of the RCC

IPaper delivered at the SIL mecting in Lyon 1983. Here and in other
cases we refer to the oral presentation and the abstract.
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can be expected from its proponents (e.g. Sedell and Froggatt
1984; Cummins et al. 1984).2

During an analysis of the information available on the RCC
we realized that some of its basic assumptions or tenets, as we
interpret them, affect the domain of stream ecology to a greater
degree than is evident at first glance and certainly more than is
discussed in the above papers. Some tenets are at variance with
our view of the current state of knowledge. Other assumptions
can be interpreted in various ways and require clarification.

We will discuss some of these assumptions briefly, concen-
trating particualarly on five tenets: biological analogues for (1)
energy equilibrium and (2) entropy pattern in the physical
system; (3) maximization of energy consumption through
continuous species replacement over a year; (4) absence of
succession in stream ecosystems, which can thus be viewed in a
time-independent fashion; and (5) maximization of species
diversity in midreaches of streams as a result of the occurrence
of the highest environmental variability there and spatial
abundance shifts of insects, molluscs, and crustaceans.

The aim of this paper is to suggest some modifications in the
theoretical background of the RCC. But first we would like to
stress that we accept many parts of the RCC as they stand and
respect the scientific ideas that our North American colleagues
have compiled in their framework.

General Remarks on the RCC

Before we deal with the five RCC tenets mentioned above,
some of the general aspects of the concept as well as the
limitations contained in it will be briefly outlined and com-
mented on.

The main goal of the RCC is to link fluvial geomorphic
processes, physical structure, and the hydrologic cycle to
“patterns of community structure and function and organic
matter loading, transport, utilization and storage along the
length of a river.” This is very expressively illustrated in
Vannote et al. (1980, Fig. 1), in which the influence of riparian
vegetation, the status of trophy, load, transport, and the relative
importance of functional feeding groups (shredders, collectors,
etc.) is related to stream order (Leopold et al. 1964} as an
expression of the physical component. However, as stream
order is not, in any case, a meaningful description of the
physical environment (Gregory and Walling 1973), it should be
regarded only as an indication of the relative position of a stream
reach within the entire running water system. A physical
characterization of each reach under study must therefore be
added.

The RCC as published in 1980 includes qualifications about
certain environmental situations. Some of the criticisms of the
RCC so far published are not appropriate when these limitations
and modifications (Vannote et al. 1980) to the RCC are taken
into account: (i) the RCC has been developed for natural,
unperturbed stream ecosystems; (ii) streams at high elevations
and latitudes, xeric regions, and deeply incised valleys may
deviate from the general pattern with regard to autotrophy/
heterotrophy; (iii) tributaries entering the main stream have
localized effects of varying magnitude depending on the volume
and the nature of the input.

The RCC does not particularly deal with the various types of
sources (limnocrene, helocrene, rheocrene)} and mouths (delta,
estuary) of stream systems (see Fig. 3) nor does it mention
natural lakes that occupy intermediate positions on the “river

2See also Minshall et al. in this issue (Ed.).
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continuum.” And, a fact we regard as very important, the RCC
is not restricted to a certain geographical area, i.¢. we consider it
a concept of worldwide applicability.

Classification of the benthic invertebrates into functional
feeding groups (Cummins 1974) is a fundamental attribute of
the RCC, and stresses the importance of ecological functions.
We applaud this approach, which, however, poses some
practical problems: the diet of a macroinvertebrate species can
be varied, depending on age (c.g. Schrider 1976; Fuller and
Stewart 1977) as well as on site (e.g. Martinson and Ward 1982,
Williams and Williams 1982).

Special problems are posed when ecological study involves
assumptions about unperturbed stream conditions, because our
knowledge of the ecology of pristine headwater streams is
scarce and of pristine rivers is almost nonexistent (see Horwitz
1978; Sedell and Luchessa 1982). Hence, such an approach is
necessarily based to some extent on speculation. We explicitly
welcome the RCC’s endeavour to describe natural stream
ecosystems, since in most cases this may be the most appropri-
ate way to illustrate the deviations of our “modern” streams
from thetr historic nature.

Today, most lower reaches of streams have been radically
changed by human activities. The original condition of certain
stream systems in North America have been demonstrated in a
fascinating way by Sedell and Froggatt (1984) and Triska
(1984): riparian trees from eroded banks formed large organic
debris dams, blocking the channel, creating lakes, new side
channels, and 50 on. A similar situation occurred in Evrope.
Behning (1928) described a unique biocoenosis on trees washed
into the Volga. And there is historical evidence that in the
twelfth centery, servants on horseback had to guide ships
through the Oder in order to avoid collisions with the dangerous
cak trees lying in the river {Herrmann 1930). Besides the main
channel, smaller ones occurred with flow characteristics resem-
bling those in reaches further upstream (Krause 1976), Similar
conditions have been described in the Amazon (Junk 1982; Sioli
1982) and the Congo (Stanley 1874—77). This “original state”
of larger pristine rivers was not considered in Vannote et al.
(1980): thus, we will discuss its consequences for the RCC
below.

On Five RCC Tenets

Tenet I: Energy Equilibrium of the Physical System and
Biological Analogue

In our opinion the central statement of the RCC is that
“biological communities should become established which
approach equilibrium with the dynarmic physical conditions of
the channel” (Vannote et al. 1980, p. 132). To understand this
statement we must go back to Leopold et al. (1964, p. 266 ff)
who discussed in detail the physical dynamic equilibrium of
streams: power expended per unit length of a channel and per
unit area of the bed of a channel (Table 1) are expected to tend to
uniformity. A modal value of central tendency between the two
will lead to a longitudinal equilibrinm profile of the channel.

Recently, Mangelsdorf and Scheurmann (1980) took a
physical--analytical approach to the question of the equilibrium
profile, giving examples and discussing the situation in streams
that have almost reached or are far from their equilibrium
profile. They stress that tectonics, lithology, and climate
determine the longitudinal profile of each running water in a
characteristic way. Thus, for example, the Rhine has three base
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FiG. 1. Rough slope curve of the Rhine and the Neckar (according to
Mangelsdorf and Scheurmann 1980). The Rhine has three base levels:
lake level of Lake Constance (its depth is indicated by the two loops),
slate formation at Bingen, and sea level at the mouth (indicated by the
thin straight line). The arrow points to a detail in the slope curve of the
Neckar above Heidelberg (according to Wilser 1937).

levels (Fig. 1): Lake Constance, Bingen (due to slate), and,
finally, the sea, i.e. at present the Rhine is approaching an
equilibrium profile in three sections. This is due to the very
“turbulent” history of the Rhine, into which other basins were
incorporated (Quitzow 1976-77). The Neckar is included in
Fig. 1. If we take a closer look at its profile above Heidelberg,
in an area with a high tectonic diversity, the influence of
location-specific events on a stream profile can be demon-
strated. These two examples show that empirical—statistical
models of the physical state of & stream system cannot be used
without checking if the models are valid for these streams.

System-characteristic runoff patterns, which are assumed to
modify the progressive and predictable change in the physical
system (Minshall et al. 1983), will further complicate the RCC.
In Europe, 60 different types of runoff patterns are characterized
(Grimm 1968), which can be altered on the microscale by basin
shape and relief (Gregory and Walling 1973, fig. 5.10}.

In principle, however, it can be stated (Mangeidorf and
Scheurmann 1980, p. 148) that a stream does tend towards that
profile at which, for a given discharge, the material imported
will be transported. If material input and transport capacity are
not in equilibrium the stream starts to erode or to accumulate.
Generally, a stream with a source in the mountains and no addi-
tional base leve!l along its course to the mouth can then be divided
into three sections: an upper reach. where erosion is dominant: a
middle reach, which represents a zone of transition; and a lower
reach, where accumulation prevails. Since the ratio of material
input to transport capacity is not constant at a given point of
the stream over time — in addition to more regular annual
variations, irregular episodic changes occur (Bergstrom 1982;
Kelsey 1982) — the limits between these three reaches shift
upstream and downstream according to discharge and material
load. Hence, the reach with the highest dynamics is the middle
one where the slope levels off. In this area natural streams are
frequently braided at first and then start to meander. Where a
stream is braided, there is a frequent decrease or increase in
channel number and a variety of channel characteristics.
depending on the discharge (Mosley 1982).

We are not sure whether biological consequences of the
dynamic equilibrium of a stream discussed by Curry (1972,
p.13), in a paper cited in the RCC under the heading
“Derivation of the concept,” are implicitly included in the RCC
or not, Curry considered that the energy of the physical system,
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which is expended as frictional heat energy, is “of great
importance as energy input in biologic communities.” There-
fore the tendency toward uniformity of energy expenditure in
river systems will help to explain the stability and diversity of
streamn communities. Are these ideas covered by the following
RCC statement: “The tendency of the {physical) river to
maximize the efficiency of energy utilization and the opposing
tendency toward a uniform rate of energy use” {Vannote et al.
1980, p. 131}, which is another way to express the dynamic
equilibrium condition of a channel, has an analogue in the
trade-off of the biological system between the tendency “to
make most efficient use of energy inputs” (e.g. through resource
partitioning of remperature) and the tendency “towards a
uniform rate of energy processing throughout the year” (Van-
note et al. 1980, p. 134)? And what is the meaning of “a
tendency for reduced fluctuations in energy flow” of “river
ecosystems” (p. 133) or a tendency of “stream ecosystems ...
towards untformity of energy flow on an annual basis™ (p. 134)
(Vannote et al. 1980)7 Does this imply an energetic unity of the
physical and biological system? If so, the annual variations in
physical energy flow (e.g. discharge) must be counterbalanced
by the biological energy flow in order to reach uniformity on
the ecosystem level (= abiotic + biotic energy flow tend to
uniformity).

Since these energy statements have a great impact on the
theoretical background of stream ecology, they require clarifi-
cation by its authors.

From the above it is evident that the energy expenditure of the
physical system plays an important role in the RCC. However,
recent contributions on the RCC have not concentrated on
hydraulics. For example, only a short sentence in Minshall et al.
(1983, p. 18) was devoted to this subject. Thus, we used the data
from the 16 stations investigated in that study to calculate some
simple physical parameters such as power expended per unit of
length and area, shear stress, and Froude number, which gives
an indication of turbulence in streams {streaming or shooting
flow; see Table ! for formulae). No modal value of central
tendency between power/reach and power/area is indicated by
the downstream pattern of these parameters (Fig. 2}. Neither do
Froude number and shear stress exhibit uniform tendencies
(Fig. 2). The causes of this may be that (i) available discharge
data are annual means and not bankfull discharges, (ii) the
streams studied were not within the limits set by the dynamic
equilibrium theory of streams, (iii) in three of the four study
sites the lowermost stations did not receive water from the upper
stations, and (iv) the location-specific lithology and geomorph-
ology modifted the general tendency expected at several
stations; such a tendency is, of course, difficult to discern at only
four stations over stream reaches 35-57 km long.

To demonstrate the relationship between stream geomorphol-
ogy (e.g. slope), the physical properties of flow near the stream
bottom, and aquatic invertebrate ecology, we will introduce
another parameter here: the thickness of the laminar sublayer
above the stream bottom. Distribution patterns of benthic
invertebrates are related to this indicator of the actual forces
acting at the stream bottom, i.e. “hydraulic stress” (Statzner
1981a, 1981b). This sublayer equation {formula 5 in Table 1)
incorporates, in principle, the same parameters as the Manning
formula (6 in Table 1), which can be transformed into the
sublayer equation and vice versa (Smith 1975). If the Manning
formula is written differently (6") and compared with formula 5,
it becomes evident that the thickness of the laminar sublayer is
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TaBLE I. Formulae used for the expression of physical pat-
terns along the course of streams (note that the Manning formula
(6) is written for wide channels with a simplified roughness
parameter).

S
(1) 2= QgSp o) p= 20
1
(3) o= gDSsp 4) Fr=
’ VgD
12D
11.5v5.75 log (—)
T,
5) &= ul
(5 T
const, %72
const. 1 r
6 U = D21’3s|/2 61 ~ = F
(6) - (6") 5 Y

Notre: D = channel depth (m), Fr = Froude number, g =
acceleration due to gravity (m/s%), Py = power per unit length
of a channe! (W/m), P, = power per unit area of a channel
(W/m?), Q = discharge (m’/s), r, = roughness of channel
bottom (m), § = slope (m/m), U/ = mean current velocity (m/s),
w = channel width (m), & = thickness of laminar sublayer (m),
v = kinematic viscosit%' {(m?/s), p = density of water (kg/m?),
19 = shear stress (N/m®).

also related to slope (Statzner 1981a): an increase in slope
should reduce the thickness of the laminar sublayer, hence
raising the hydraulic stress on the stream bottom and vice versa.
We have thereby linked a central tendency of microhabitat
characteristics in a reach (“hydraulic stress”) to a macrohabitat
characteristic (“slope™): the latter “are major determinants of the
types of microhabitats,” to which fish as well as invertebrates
respond (Bovee 1982, p. 3). It should be noted here that these
formulae (5, 6, 6) as written in Table 1 are not applicable to all
hydraulic situations found in mnatural streams (Bovee and
Milhous 1978; Statzner 1981a), and they are used here as
vehicles to elucidate some of the physical patterns cne can
expect along a stream course.

Summing up the above, we suggest the following character-
ization of an “ideal” or “standard” pristine running water course
(Fig. 3) to which real streams can be compared. The source and
the first part of its effluent are frequently characterized by
relatively low hydraulic stress. A transition zone is followed by
a reach of high hydraulic stress, which, after the next zone of
transition at the break-point of the slope curve (we regard the
values of bed slope, hydraulic slope, and energy slope as iden-
tical), is then followed by a zone of lower hydraulic stress.
Further downstream, numerous large-scale discontinuities of
the hydraulic stress occur. How the mouth of a stream system
entering the sea is developed depends mainly on the material
exported by the stream and the transport capacity of the marine
component, including tidal amplitude and other currents (Man-
gelsdorf and Scheurmann 1980). The role of the stream in this
context has been illustrated in “large-scale experiments™
reduction of material transported by the stream due to artificial
dams reduces the area of the original delta (Baxter 1977). The
main types of mouths are estuaries and deltas (Fig. 3), and it is
important to note that the physical characteristics of the stream
influence in part the salinity at the mouth of the stream.

We conclude that the pattern of physical parameters as
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proposed in Fig. 3 obviously does not represent a “continuous”
or “intergrading” gradient as dictated by the RCC (Vannote et
al. 1980; Cushing et al. 1983), and variations on the microscale
as well as lakes and other additional base levels will complicate
matters much more. Thus, the analogies between the physical
and the biological equilibrium of streams cannot be as simple as
suggested by the RCC.

Tenet II: Entropy Patterns

In addition to energy statements discussed above, some
clarification is required about a statement on entropy: from
headwaters to the mouth there is a constant gain in the physical
variable “entropy.” Vannote et al. (1980, p. 132) postulate that
“the biological organization in rivers conforms structurally and
functionally to kinetic energy dissipation patterns of the
physical system.”

Does this imply a characteristic tendency in biological entropy
from the source to the mouth of a stream? The longitudinal
organization of the gross photosynthesis/respiration ratio in the
stream (thermodynamic concept of entropy) or the species di-
versity (e.g. Shannon index: entropy concept of information
theory) can serve as indicative parameters. Both are considered
in the RCC (Vannote et al. 1980, fig. 2), and in contrast with
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the constant entropy gain in the physical system, both show
increasing as well as decreasing tendencies on the way down-
stream.

Or does the entropy statement imply that the biological
communities will adjust to the physical entropy pattern through
energy consumption and processing, resulting in similar tenden-
cies in the biological entropy in every reach of the stream? This
is, of course, a usual tendency of organisms, since “living
systems” are “negentropic” (Frinzle 1978).

We believe that the absence of this theoretical background
will not mean a loss in significance of the RCC; thus, we suggest
omitting the above statement on entropy.

Tenet III: Temporal Sequence of Species Replacement and
Utilization of Energy Inputs

After a species has completed its growth “it is replaced by
other species performing essentially the same function ... It is
this continuous species replacement that functions to distribute
the utilization of energy inputs over time” and results in a
composite species assemblage tending to “maximize” energy
consumption (Vannote et al. 1980, p. 134). This tenet may be
applicable only to stream systems in geographical zones subject
to distinct seasonal variations in abiotic factors.

A temporal sequence of species replacements, such as
postulated by the RCC based on experience from North
Anmerica, has already been rejected by Winterbourn et al. (1981)
and Towns (1983) for streams in New Zealand. In equatorial
regimes, all principal species of a stream system are present
over the whole year. This is clearly demonstrated by emergence
data of four insect groups from a stream situated 2°S in Zaire
(Zwick 1976; Statzner 1976; Lehmann 1979; Kopelke 1981): no
complete temporal replacement occurs, although several spe-
cies show cyclic patterns. The terrestrial vegetation in this
latitude does not exhibit a distinct phenology comparable with
that of temperate zones, but periodic patterns obviously do
occur (Dieterlen 1978). This suggests some seasonality in the
input of course organic material into the stream communities,
which is probably processed faster in the tropics than in
temperate climates (Dudgeon 1982). The question is whether
such stream communities near the equator have developed other
possibilities to “maximize” energy consumption. Fittkau (1973)
suggests that the high efficiency of energy utilization is linked to
a high species number and a relatively low abundance of each
species in Central Amazon streams which are scarce in nutrients.

Another question is whether the species assemblage of a
stream reach really plays the role postulated by the RCC. Mini-
mization of leakage (export of organic compounds) from a
stream reach is another way to express maximization of energy
consumption. Recent studies have shown that leakage is
reduced under normal discharge conditions if the invertebrate
fauna is destroyed in experiments or in computer simulations
(Wallace et al. 1982; Webster 1983, see also Meyer and O’Hop
1983}, i.e. macroinvertebrates decrease the efficiency of stream
ecosystems.

Tenet IV: Time Invariance and Absence of Succession in
Stream Ecosystems

Vannote et al. (1980. p. 135) stated that the temporal change
of the biological system of a stream “"becomes the slow process
of evolutionary drift” and the community “gains and loses
species in response to low probability cataclysmic events and in
response to slow processes of channel development.” As a result
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of this, succession in stream ecosystems is absent and these
systems can be viewed in a time-independent fashion.

If we accept cataclysmic events as a factor that causes gains
and losses of species, then we might expect that the biological
community in the stream is reestablished afterwards by means
of succession (see Fisher 1983) parallel to that in the terrestrial
environment (e.g. after landslides, wildfires, or volcanism).

In our opinion, succession cannot, therefore, be rejected in
stream communities. As a consequence, stream ecosystems
cannot always be viewed in a time-independent fashion. And we
have evidence from long-term studies that time invariance does
not occur: this is demonstrated for insects (Illies 1978, 1982)
and fish (Grossman et al. 1982). While discussing organic
matter budgets for stream ecosystems, some authors of the RCC
drew a similar conclusion in a recent paper (Cummins et al.
1983).

Tenet V: Pattern of Biological Diversity

This tenet of the RCC, discussed at some length, states that
high environmental variation results in high biotic diversity.
This concept- was actually first formulated early in this century
by Thienemann in one of his biocoenotic principles (see Hynes
1972, p. 234).

In Vannote et al. (1980) the variation of the environment is
discussed using the example of the diel water temperature
amplitude, which is certainly highest in the midreach of a
natural stream in temperate climates. The RCC indicates that the
biological diversity is therefore also highest in the midreach
(Fig. 4D). However, if we include the annual amplitude of the
water temperature (i.e. as a second environmental factor), the
highest variability no longer occurs in the midreach of our
stream. And it is very improbable that all other factors
mentioned by the RCC, such as riparian influence, substrate,
flow, and food, show their highest variability exactly in the
midreaches of streams (see also the conclusion at the end of
tenet I). The latter holds especially true if we include non-
temperate climates. Tropical streams may have very low diel
and annual temperature amplitudes in their middle and even
lower reaches (e.g. Sioli 1975; Statzner 1975).

A second explanation of the RCC for the maximum of species
diversity in the midreach of streams is the convergence of two
vectors that illustrate shifts in spatial distribution (Vannote et
al. 1980, p. 135): insects are believed to have become aquatic
first in headwater streams, while molluscs and crustaceans have
reached streams from the marine environment through the
mouth of streams. Later, insect abundance shifted downstream
and mollusc and crustacean abundance shifted upstream.

The confluence of these migratory vectors might cause high
diversity (e.g. Shannon index) in the midreach only if insects
shifted at the same speed downstream as molluscs and crusta-
ceans shifted upstream, but not during the phase of complete
overlap of the abundance patterns (Fig. 4A-4C). We see no
evidence to suggest that these conditions are fulfilled in nature,
especially not in most streams. On the other hand, existing
evidence shows that, excluding effects of pollution, diversity
in streams may change drastically bearing no relation to the
“order” of that stream (Statzner 1981c) or that diversity is
almost constant throughout different “orders” (Minshall et al.
1982).

A large part of the discussion of this topic dealt with benthic
macroinvertebrates, which, of course, contribute only part of
the complete community diversity. It is, for example, a
well-known fact (and also shown by Vannote et al. 1980, fig. 1)
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Fic. 4. (A-C) Hypothetical abundance distribution of Insecta, Crus-
tacea, and Mollusca shifting downstream or upstream, respectively,
and the consequences for a diversity index (e.g. Shannon), which is
highest (arrow) where the abundance of all species is the same. (A)
Beginning of shift, both groups shifting with the same speed; (B)
complete overlap, both groups shifting with the same speed; {(C) Insecta
shifting faster downstream than Crustacea and Mollusca upstream. (D)
Development of the diel and annual water temperature amplitude and
the diversity, as suggested by the RCC, from the source to the mouth of
a stream. See text for discussion of these patterns.

that plankton develops mainly in the lower reaches of streams,
and the number of fish species increases there also. This will, of
course, influence the diversity pattern of the complete commun-
ity, which is probably at its highest in the lower reaches of
streams, where the large-scale discontinuities in hydraulic stress
occur (Fig. 3). Furthermore, the environmental variability of a
particular physical structure may influence the diversity of one
group (e.g. insects) in a different way than that of other groups
(e.g. fish) (Schlosser 1982).

Conclusion

The five tenets of the RCC discussed above are open to
various interpretations, need extension, or are unexpected or
refuted by the cument state of knowledge. The physical
parameters in streams obviously do not exhibit a continuous or
intergrading gradient (tenet I) in the downstream direction (Fig.
3). Thus, biological analogues of the energy equilibriumn in the
physical system are more complicated than suggested by the
RCC. It is not clear how the RCC relates entropy patterns of the
biological to the physical system (tenet II). Since we do not see
an essential need for the statement on entropy in the RCC, we
recommend its omission from the concept. This will reduce the
theoretical ballast of the RCC. Maximization of yearly energy
utilization through species replacement (tenet III), lack of
succession and time invariance in stream communities (tenet
IV), and specific mechanisms leading to high biotic diversity
in midreaches of streams (tenet V) are either rejected (IV),
unexpected (V), or restricted to particular geographical areas
(III). We therefore suggest modifying the original RCC by
excluding tenets III-V from the concept. This will result in a
higher flexibility and larger applicability of the RCC.

In our opinion, these modifications will hardly conflict with
projects relating to the RCC that have been realized up till now
(see Minshall et al. 1983 and references therein; Cummins et al.
1983; Cushing et al. 1983; Bruns et al. 1984). These projects

Can. J. Fish. Aquat. Sci., Vol. 42, 1985

placed emphasis on gross photosynthesis and respiration and on
the status of organic matter and the corresponding functional
organization of the community, i.c. on points that we evaluate
as major objectives of the RCC. None of these is directly
restricted by the recommended modifications.
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OPINION

Stream hydraulics as a major determinant of benthic
invertebrate zonation patterns

BERNHARD STATZNER and BERT HIGLER*
Universitit, Karlsruhe, and *Rijksinstituut voor Natuurbeheer, Leersum

Zoologisches Institut I der

SUMMARY. 1. Studies on the zonation of benthic fauna in fourteen
streams situated in a variety of latitudes from Alaska to New Zealand have
been evaluated.

2. We suggest that physical characteristics of flow (‘stream hydraulics”)
are the most important environmental factor governing the zonation of
stream benthos on a world-wide scale.

3. From the source to the mouth of a stream, zones of transition in
‘stream hydraulics’ occur, to which the general pattern of stream invertebr-
ate assemblages can be refated. In these zones benthic community stability
and resilience must be different from those upstream and downstream of

the hydraulic transition zones.

1. Introduction

In 1979 Botosaneanu reviewed what had been
published on longitudinal zonation patterns of
benthic stream invertebrates since his last synop-
sis of this topic (Illies & Botosaneanu, 1963). He
emphasizes the fact that major faunistic changes
are generally localized in relatively short stream
reaches. One explanation could be that the
environment changes rather abruptly and organ-
isms more characteristic of upstream or
downstream zones reach their tolerance limits in
such reaches. Whole community responses to
the same natural or man-made disturbance
should differ between reaches where most
species live under sub-optimal conditions and
reaches where most species live under optimal
conditions (Balon & Stewart, 1983).

Because this topic is of fundamental and
applied importance in stream ecology, we have
attempted to establish some generalizations in
zonation patterns in the benthic fauna and to
relate them to what we regard as the major abio-
tic factor responsible for them: the complex of

Correspondence: Dr B. Statzner, Zoologisches

Institmt [ der Universitit, Postfach 6380, D-7500
Karisruhe, Federal Republic of Germany.

physical characteristics of flow which can be
summarized under the heading ‘stream
hydraulics’. This is problematical, because in the
hundreds of publications on invertebrate stream
zones, data from which hydraulic characteristics
can be derived are relatively scarce. Therefore,
and even though we have included data from a
wide variety of running waters from Alaska to
New Zealand, the number of potential examples
for this review is relatively low. Also, few of
these studies considered species densities or
other criteria of longitudinal organization and
thus we have concentrated on the distribution of
species measured merely by presence or
absence. It is our main purpose in this paper,
therefore, to focus upon stream hydraulics as a
factor and to stimulate more interest in it.

2. Why choose ‘stream hydraulics’ as a
major determinant?

Initialty, it may seem foolish to concentrate on
only one abiotic factor, because stream com-
munities obviously are influenced by numerous
other factors. Temperature, for instance, is
often considered to be very important. Thus,
why not give water temperature the same impor-
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tance as stream hydraulics in the characteriza-
tion of stream zones on a world-wide basis? A
brief example shows this to be impossible.

The zonation concept of Illies (1961) is based
mainly on changing current velocity and water
temperature from the source to the mouth of a
stream. In Fig. 3 of llies (1961) the rhithron is
shown extending to lower altitudes in higher
latitudes whilst the potamon behaves conver-
sely. Even lakes are incorporated into this sys-
tem. Therefore, and because torrential streams
are frequently found at low altitudes in the
tropics it is evident that the Illies concept is
based solely on water temperature and not, as
suggested, on water temperature and current
velocity. In fact, work in the tropics has shown
that it is impossible to find a universally valid,
constant relationship between these two factors
and zonation (Hynes, 1971; Bishop, 1973;
Statzner, 1975; Harrison & Rankin, 1976, Harri-
son, 1978). Thus, both these abiotic factors can-
not be weighted similarly and hierarchical
patterns must be the basis of a useful world-wide
classification. We put stream hydraulics in the
top position of this hierarchy for several reasons.

Although rarely stated explicitly, hydraulic
properties of stream flow traditionally have been
considered as valuable descriptors of the physi-

Thickness of
laminar sub-layer

cal environment in streams. However, this
usually has been deduced from more or less
general considerations. Huet (1949) assumed
that drag forces of stream currents were
influenced by slope as well as by width. He rel-
ated fish zonation to these two parameters.
Gessner (1955) discussed in detail some
hydraulic factors which affect the ecology of
plants in running waters. The longitudinal zona-
tion of benthic invertebrates was related to
stream slope and consequent bed stability by
Hesse (1924). The ‘erosion-deposition’ (Moon,
1939) and the ‘riffle-pool’ (Kani, 1944) concepts
also reflect stream hydraulics. The same holds
for the zonation concept of Illies (1961) who
speculated on the importance of ‘current
velocity at the stream bottom® which can prob-
ably best be translated into the hydraulic term
‘friction velocity’. Two years earlier, Ambihl
(1959} evaluated a simitar parameter, the thick-
ness of the boundary layer above the stream
bottom, as a determinant of benthicinvertebrate
distribution.

Recent analyses have described micro-
distribution of the benthos in relation to various
hydraulic parameters {Décamps, Larrouy & Trni-
vellato, 1975; Gore, 1978; Statzner, 1981a, b}.
Since the physical qualities of microhabitats are

{8 (1072 ¢cm)

100
Altiiude 0
{m obove 200
seqa level) 800

700

Source

Distance downstream (km)

FIG. 1. Slope curve of the Breg, which starts with a rheocrene (see legend of Fig. 8), and the Upper Danube (the
arrow indicates where Breg and Brigach meet and the Danube is formed). The range of the laminar sub-layer (8')
and its central tendency {calculated for median velocities) is shown above. The laminar sub-layer is, theoretically,
the bottom-most zone of the boundary layer which develops if water flows over a solid substrate. It is calculated
from replicated measurements conducted during non-flood conditions, its reciprocal value is used as an indicator of
the hydraulic stress. &'is calculated by 8'=U""11.5v5.75log (12D r,~'). U: current velocity (cm s~'); #: kinematic
viskosity (cm? s~'); I: depth (cm); r,.: substrate roughness (estimated from particle size, cm). Calculated after data

from Backhaus & Sander (1967).
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determined by downstream trends in macro-
hydraulics (Bovee, 1982), it is logical to postul-
ate they will have a major effect on the zonation
of the benthos (Statzner, 1981a; Higler & Mol,
1984 Newbury, 1984).

Another reason to suspect that stream
hydraulics is the critical factor bringing about
bioclogical zonation is that, from the source to the
mouth of a stream, hydraulics often exhibits dis-
tinct changes localized within relatively short
stretches (Fig. 1). Using the thickness of the
laminar sub-layer and the slope as a descriptor of
the hydraulic stress at the stream bottom, a
‘standard’ pristine running water course, to
which real streams can be compared, has the
following properties (see Statzner & Higler,
1985, and top of Fig. 8): the source and the first
part of the headwater are frequently character-
ized by relatively low hydraulic stress. A transi-

TABLE 1. Short characterization of the zonation
approximations

Opinion 129
tion zone is followed by a reach of high slope and
high hydraulic stress. Another zone of transition
where the slope levels off, is followed by a zone
of lower hydraulic stress. Further downstream,
numerous large-scale discontinuities of the
hydraulic stress may occur. The character of the
mouth of the stream is determined through the
material exported by the stream and the trans-
port capacity of the marine component (delta or
estuary). The upper two zones of transition of
hydraulic stress may shift up- and downstream
with fluctuating discharge.

it is not easy to describe the above pattern
from physical data published in zonation studies.
Sometimes the power of the water expended per
unit length (Watt m~') or per unit area (Watt
m~2) of the channel and the Froude-Number
(streaming o1 shooting flow) could be calculated
(sce Statzner & Higler, 1985, for formulae).

studies reviewed here. Latitudes, altitudes, and lengths

Altitude
Length of (m.a.s.l.} of
Geograph- reach highest-
ical studied lowest
Stream latitude Country (km) station Fauna studied Author
Atigun 68°N U.S.A. 75 1375-700  Zoobenthos Slack, Naumann &
Tilley, 1979
Endrick 56°N Scotland 49 500-10 Macrozoobenthos  Maitland, 1966
Hierden 52°N Netherlands 20 260 Macrozoobenthos  Higler, 1979, 1980;
Higler & Repko,
1981
Fulda S1°N F.R.G. 220 850-120 Macrozoobenthos, Illies, 1953;
mainly Insecta physiography:
Marten, 1983
Schwechat  48°N Austria 68 T00-154 Macrozoobenthos  Starmiihlner, 1969
Issyk 43°N U.S.S.R. 29 4000-700  Mainly Insecta Brodsky, 1980, Fig.
91, Table 62
Tiber 43°N Ltaly 150 1279175 Trichoptera Moretti &
Cianficconi, 1984
St Vrain 40°N US.A, 54 3414-1544 Ephemeroptera,  'Ward & Berner,
Plecoptera, 1980; Ward, 1981,
Trichoptera 1982
Arima 11°N West Indies 15 36517 Mainly Insecta Hynes, 1971
Bandama  10°N Ivory Coast 1000 500-0 Decapoda, Lévéque, Dejoux &
-5°N (400} Simuliidae, This, 1983; Gibon &
Hydropsychidae,  Statzner, 1985
Philpotamidae
Tshinganda/ 2°S Zaire o4 2450-850 Trichoptera Statzner, 1975
Luhoho
Luanza 10°S Zaire 58 1690-975  Trichoptera Malaisse, 1976,
Marhier, 1981
Vaal Dam 27°8 South Upto 400 2000-1500 Macrozoobenthos Chutter, 1970
Catchment Africa
Cascade/ 37°8 New Zealand 6 120-5 Macrozoobenthos Towns, 1979
Waitakere




- 123 -

130 Opinion

Sometimes only substrate characteristics or the
stope of the valley are available. These charac-
teristics of flow are evaluated by biologists and
generally not measured as hydrologists would
do. Nevertheless, we have been able to show
where the hydraulic stress in the channel under-
goes a distrinct change on the way downstream.
Our results indicate that these transition zones
are the critical determinants of species associa-
tion change.

3. Examples of faunistic zonation patterns
in a variety of streams

Natural zonation patterns over long stream
reaches are usuvally obscured by the fact that
more or less intensive human influences on the
stream or its valley have long been established.
Most studies accordingly have been more or less
restricted to the upper parts of streams, and we
have rather little information on what con-
stituted the original fauna of large pristine
rivers. Therefore. only some general remarks on
the latter are possible.

o . 1oc Fuida

3.1 Upper paris of streams

fn u senes of figures and short characteriza-
tons we will relate faunistic zonation 1o
downstream changes in hvdraulic properties.
We have included information on water temp-
erature as well in order to demonstrate that its
role in defining general species distribution pat-
terns along running water courses has been over-
estimated in the past.

Some simplifications are necessary in the way
that faunistic zonation patterns are shown.
Thus. for each species considered. it will be
assumed that it is distributed in all stream
reaches between the highest and lowest station it
was found. even if it was not actually present in
samples from all stations between these points.
Single specimens of species found at only one
station frequently are omitted from the analyses.
For each station a curve is drawn. showing how
the particular assemblage of species found at
that station decrease in an upstream and (or) a
downstream direction (see further details in
legend to Fig. 2). A set of such curves covering
the whole reach under study are used to deter-
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FIG. 2. Fuilda (F.R.G.) and Endrick (Scotland). (A) Species congruity curves demonstrating species replacement
along the downstream gradient. In each set of curves, the curve for the highest station as well as that representative
of a reach of relatively little faunistic change and of the lower reach are emphasized by thicker lines. (B} Fulda:
—=-1 slope; ----: annual maximum and minimum water temperature. Endrick:—: slope: ----: annual mean water
temperature, number below arrow: maximal weekly amplitude of water temperature.
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FIG. 3. Schwechat { Austria): {A) species congruity curves; (B) thick line: power per unit area; thin line: Froude-
Number; (C) thin line: power per unit length; thick line: mean annua! water temperature—half of the maximat

annual amplitude. See Fig. 2 for further details.

mine stream zones (Illies, 1953). This method of
presenting the data is perhaps more complicated
than, for example, cluster analyses, but the total
number of species at each station, and reaches
with high and low overlap from upstream and
downstream stations, arc indicated clearly.

The studies considered here are characterized
briefly in Table 1. Figs. 2-7 show the distribution
pattern discovered in nine of them.

The species congruity curves of Fulda (Fig. 2),
Endrick (Fig. 2), Schwechat (Fig. 3), and
Tshinganda/Luhoho (Fig. 4) are rather similar
in their general shape. Generally few species
appear at the spring sources. The deviation from
this pattern in the Fulda, with many species at

the uppermost station, is caused by the com-
bined sampling of the source and the spring
brook. Further downstream, a zone of rapid
change in species is followed by a zone with a
rather stabie set of species, then there is a second
zone of rapid change in species. Apparently, a
change in water temperature cannot explain
these patterns in any case. Noris it probable that
poltution and weirs, both observed in Fulda,
Endrick and Schwechat, would shape the pat-
terns of congruity curves in such a similar way. In
the Schwechat obvious industrial pollution and
increased hydraulic engineering start upstream
of station 89, the reach downstream of station
511 is highly perturbed. Thus, in this stream the
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FIG 4. Tshinganda/Luhoho (Zaire) and Arima (Trinidad). (A) Species congruity curves. (B) Tshingan-

da/Luhoho:

stations. Arima:

: slope; ----: mean of water temperature (measured during the day), with diel amplitude for two
: slope; ----: increase of water temperature {(measured during the day) from highest to lowest

station. (C) Percentape weight of three substrate fractions from the dominant benthic substrate type. See Fig. 2 for

further details.

faunistic transition between station 86 and sta-
tion S11 is less distinct.

In the Fulda and the Endrick, slopes are
available as indicators of hydraulic patterns. The
zone of rapid changes in species composition in
the upper course is situated where slope changes
distinctly. A rather stable set of species is found
where the slope is relatively constant. The
second rapid change in species is observed
beween the stable zone and the flood-plain, in
which the lowest sampling stations were
established. In the Schwechat, as in other exam-
ples given later, the power expended per unit
reach of channel is less helpful in explaining
distribution patterns of benthic macroinverte-
brates. Froude-Number or power expended per
unit area show distinct changes where rapid

changes in species are found in the upper course.
Both are relatively constant, however, where
the fauna is relatively stable. Whether or not the
next change in the fauna is related to changing
hydraulics or to effects of pollution is unclear.
The uppermost course of the Tshinganda/
Luhoho demonstrates that slope is only a rough
predictor of stream hydraulics: it failed to indi-
cate the very different conditions in the source
and in the following reach (see also Fig. 1), as
indicated by substrate characteristics. Changes
in the latter induce distinct faunistic changes,
and the relative stable faunistic zone is situated
in the stony reach.

In all four streams, species occurred which
were restricted to the zones of distinct faunistic
changes. Descriptors of the hydraulic situation



- 126 -

Opinion 133

Tiber
wm' 7 52 344 234 38 1593
Fr 020 025 c29 04l 023 025
Wm 223 52 172 39 32 27
°C 85 g8 9 18 19 16
|
— !
46747
2ck
i
=] 5 \ i8/15
k. I~ | 777
- A S/ A
; e
$ o} == —
5_
I = " A R N | ] lJl‘I\Jlifll\I}]L
t 23 4 5 67 8 9 1011213415 161{7 18 202! 22 23 26 28 30 32 35 38 394044 46

19 -2527293 1_34—3? -43 45 47

Station number proceedmg downstream
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pet unit area (Wartt m -2}, Froude-Number (Fr) and mean annual water temperature (°C) are available only as a
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details.

used above indicate similar conditions at the
source and further downstream in Schwechat
and Tshinganda/Luhoho, but their assemblages
of species are rather different. This may be
because water temperatures (Schwechat: ampli-
tude; Tshinganda: mean) differ between up-
stream and downstream reaches.

In addition to stream types represented by the
Tshinganda/Luhoho another type characterized
by a zone or large waterfalls occurs in the Zaire.
Such a stream is the Luanza (not figured). Its
source discharges into a pond, below which is a
reach of rapid changes in slope and species com-
position. The Luanza then enters a high plateau,
where few changes in species are observed.
Some species changes occur where the water
falls to a lower plateau, and some species are
found only around the falls. The effect of the
falls on the distribution patterns of fish is much
more distinct than on insects. Water tempera-
ture was aimost constant over the whole length
under study.

A similar low significance of water tempera-
ture on faunal zonation was found in the Vaal
Dam Catchment {not figured). There streams

enter a high platean and accumulate much silt
and sand in the [ower reaches. The presence or
absence of this fine material which is generally
determined by stream hydraulics appears to be
the major factor correlated with species
distribution.

Arnma (Fig. 4) and Cascade/Waitakere (Fig.
6) are short streams. Samples from the upper-
most courses were not available and only one
zone of faunistic overlap could be discerned.
This was situated between the uppermost
station and the flood-plain. In the
Cascade/Waitakere, species richness decreased
distinctly in the lowest reach, close to the mouth.
The difference in water temperature was low
(0.2°C) between station 9 and 10 in the Arima; in
the Cascade/Waitakere the upper stations were
about 5°C cooler than the lower ones during
summer.

The Tiber (Fig. 5) is included in our review
since results are based on a long-term study ata
large number of stations. The source is an artifi-
cial basin, the river bed is further modified
downstream, and pollution is recorded.
Physiographical data-are available only as means



w 127 =

134 Opinion
%o | St Vrain %o | Cuscade/
Woitakere
150 1~ 20
[
2
o
g 100 50
g
E 30 ®
S s0
oWy
10
A
g
2
5
e
=2

~
w
E-
(61
o+
-~ -

g 9

011

Stdation number proceeding downstream

FIG. 6. St Vrain (Colorado) and Cascade,/Waitakere (New Zealand). {A) Species congruity curves. (B) St Vrain:
~— slape; —--: increase of mean summer water temperature from highest to lowest station. Cascade/Waitakere:

slope. See Fig. 2 for further details.

over longer reaches. We expect the end of one
reach and the beginning of the next one to be
closer in physiography than stations at the begin-
ning and the end of the same reach. Taking this
into account, Froude-Number and the power
expended per unit area indicate an increase in
hydraulic stress from the source to the reach
around station 8 and a decrease in this parameter
further downstream. Water temperature rises
distinctly around station 8. Due to alack of data
we can only speculate that the hydraulic stress is
distinctly reduced in the lower reach of the Tiber
(an artificial lake is situated 5 ki downstream of
station 36). Abrupt faunistic changes were
observed around station 8 and, less pronounced
ones, above the reservoir {upstream of station
47).

The next three streams we will deal with are
fed by glaciers: Issyk (not figured), St Vrain

(Fig. 6) and Atigun (Fig. 7). Their uppermost
courses are characterized by relatively low
species numbers and are often (Bretschko, 1969)
dominated by Chironomidae (see also Elgmork
& Sacther, 1970; Steffan, 1974; Allan, 1975).

In the Issyk the highest species numbers were
recorded in a zone with two transitions: the first
where coniferous forest is replaced by hardwood
forest and the second between the torrent zone
and the debris cone zone. The Issyk is an exam-
ple of a stream in which discharge decreases on
the way down: it enters a steppe and then a semi-
desert in the plain, where it disappears (water is
used for irrigation). In the lower reaches, the
number of torrential benthic species gradually
decreases. In the St Vrain a distinct increase in
numbers of species was observed until the slope
was aimost uniform around station 7, and a clear
change in the fauna occurred where the slope
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FIG. 7. Atigun (Alaska). (A) Species congruity
curves. (B) . slope; ----: power per unit length;
----- : water temperature (measured during the day).
{C) ——: Power per unit area; ----: Froude-Number.
See Fig. 2 for further details.

flattens out near to and on the plains. The
Atigun is braided especially in the mid-reach
(?A3-A4), where slope levels off, Froude-Num-
ber as well as power expended per unit arca
indicate a reduction in hydraulic stress, and
water temperature rises. In this mid-reach
species richness is highest. Below station AJ the
stream is influenced by lake drainage.

The last two streams considered lack well-
defined sources. In the Hierden stream {not
figured), stations near bridges or weirs with
stony substrata and high velocities are inhabited
by a unique set of species in addition to species
present over the largest part of the stream. The
Bandama River system (not figured) runs from
north to south and lacks well-defined changes in
its gentle slope. Discharge is very vanable and
the northern parts are temporary stream
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treaches. A north-south gradient in the length of
the period without flow exists, while the differ-
ences in water temperature are insignificant
between northern and southern reaches. Addi-
tional species are added to the fauna in the
south, without the loss of northern species. The
lowest reach Jacks riffles, and a sharp decrease in
lotic species is observed there.

3.2, Large rivers

Fittkau & Reiss (1983) recently attempted to
teconstruct the ecological characteristics that
occurred in large pristine rivers and their flood-
plains. Besides the main channel “lotic and len-
tic, static and astastic, summer-cold and sum-
mer-warm, small and large’ freshwaters
occurred in a relatively restricted area, which
contained a rich fauna. This species richness is
also wejl documented by observations from the
Rhone (Richardot-Coulet, Richoux & Roux,
1983} as well as by a palaco-limnological study in
the Rhine (Kiink, 1983). In the main channel,
various species assembiages occur in different
habitats {Mordukhai-Boltovskoi, 1979), some of
these are extremely specialized., for instance, to
shifting sand (Barton & Smith, 1984). The large
debris dams and the resulting lacustrine condi-
tions (Sedell & Froggatt, 1984; Triska, 1984)
created numerous ‘lake out-flows’ and, pre-
sumably, lake out-flow communities (Miiller,
1955; Ilhes, 1956), which are overlap com-
munities between lentic and lotic aquatic sys-
tems (Statzner, 1978).

Thus we assume that the species richness of
the benthic fauna in the pristine large river,
which in our view includes the adjacent fresh-
waters of the flood-plain, is much higher than in
the upper parts of the same stream. Again it is
primarily the physics of the flow which creates
the richness of habitats and thereby the high
biological diversity in large rivers. Running
waters like the Issyk, which ends in a desert, or
the Bandama, which builds up high dams from
material deposited at the bank (due to high tur-
bidity under a seasonally dry climate), represent
exceptions from the above picture of a large
pristine river.

3.3, Mouths of streams

Stream hydraulics determine in part the
geomorphotogical features of the mouth
{whether a delta or estuary is formed). These
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FIG. 8. Proposal for a general faunistic zonation pattern of the benthos in pristine streams (aerial view and slope)
with ‘standard’ flow characteristics. Source types: rheocrene—source discharges directly into a channel;
helocrene: source discharges into a marshy pond; limnocrene—source discharges into a pond. Not all of the
components shown here can be or must be present in a stream. The species distribution in a running water that
starts with a helocrene and ends with an estuary is indicated in our example. Species occurring in the spring {A) and
in the reach of high slope (B) overlap at the first transition in hydraulic stress. Species of group B and species
occurring in the stream after it has entered the flood-plain (C) overlap at the second transition in hydraulic stress,
where pristine streams are frequently braided. Patterns in the large river are rather speculative due to sparse
information. In the brackish zone a third overlap is found between species of group C and the marine fauna (D). In

all three zones of species overlap few species occur which are solely found in these reaches of transition (T1, T2,
T3). Species which do not characterize a zone are omitted.

features in turn are largely responsible for the reaches of streams under brackish conditions
pattern of species present through the resulting (Remane & Schlieper, 1938; Wolff, 1983). This
salinity gradient: it is a well-known fact that a transition zone in salinity once more shows a
relative scarcity of species exists in the lowest distinct overlap of species: freshwater species
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disappear and marine species show up, and few
specialists of brackish conditions are found here.

4, Conclusions

Although patterns of faunistic stream zonation
and abiotic parameters are relatively diverse,
one general aspect emerges: distinct changes in
species assemblages are often linked to changes
in parameters associated with stream hydraulics.
In a ‘stereotyped’ stream such as that described
at the end of part 2 the faunistic zonation pattern
should be like that depicted in Fig. 8. It is evident
that this pattern has to be modified if additional
base levels, for example lakes, in the stream’s
course occur or if single components in the order
of reaches shown in Fig. 8 do not exist. Streams
which lack well-defined sources and abrupt
changes in the slope are such examples, Because
no distinct faunal zones were observed in these
type of streams (Hierden stream; Bandama
River; see Table 1 for references) they represent
a null model against which zonation patterns
linked to changes in hydraulics can be tested.
Under similar hydraulic conditions but
different water temperature regimes different
faunistic communities are found even in the
same geographical area (Stoneburner, 1977).
Other abiotic and biotic variables will compli-
cate the picture even more. Faunistic differences
in stream reaches with similar hydraulics situ-
ated in upper and lower courses should be rel-
ated to these non-hydraulic environmental
factors. But on a world-wide scale stream
hydraulics are the major factor affecting stream
zonation, i.e. the pattern shown in Fig. 8 is
applicable in the humid tropics as well as in high
latitudes because water temperature plays only
an inferior role in defining invertebrate zones.
QOur approach differs clearly from the crenon-
rhithron-potamon concept (sce Illies & Botosa-
neanu, 1963}, although in a highland stream of
Mid Europe species of group A (Fig. 8) should
represent the crenon, group B the rhithron, and
group C the potamon. However, we were not
able to discern the division of rhithron as well as
of potamon into three biocoenoses, i.e. into
components of the same level of organization.
Nor did we discover a pattern of species distribu-
tion as postulated by Vannote er al. (1980) and
Stanford & Ward (1983) who predict the highest
faunal diversity in mid-reaches of streams.
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The patterns elaborated in this paper reflect
what is predicted by Thienemann (1918, 1920)
who linked species richness to environmental
harshness and variability, ideas represented
more recently in the ‘intermediate disturbance’
hypothesis (see Stanford & Ward (1983) and
Reice (1984)). Under ecologically extreme con-
ditions, such as the headwaters of glacier-fed
streams or in a brackish river mouth, species
numbers are relatively low. Under less extreme
conditions high species richness is found in the
zones of transition of hydraulic stress, where we
expect a considerable inconstancy of this factor
(Statzner & Higler, 1983). In these transition
zones species assemblages overlap and a
relatively large number of species live near the
limits of their ecological tolerance. Thus in these
zones of major hydraulic and faunistic change
(transition zones) the potentials of community
stability and resilience must be different from
those in zones upstream and downstream.

In conclusion, we suggest that more emphasis
should be placed on hydraulics in future stream
studies. They should include measurements of
current velocity, depth, substrate roughness,
surface slope, and hydraulic radius {see Gore,
1978, and Newbury, 1984, for methods). From
these simple parameters hydraulic characteris-
tics can be calculated according to formu-
lae given, for example, in Smith (1975),
Mangelsdorf & Scheurmann (1980), Newbury
(1984} or Statzner & Higler (1985).
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APPENDIX V

Flora and fauna of European running waters

A. Mol (consultant)
Council of Europe (EXP/Eau/ff (78) 4
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I. INTRODUCTION

In report EXP/Eau/ff (77) 15 rev. a division of Europe into four
zones was adopted, basically on climatical differences. It was agreed
that this division was necessary as a first step to the classificaton of
European running waters. A more precise delimitation of the areas is
given in fig. V 1. Some investigations in Spain, France and Norway showed
that the borderlines between zones of terrestrial vegetation (viz.
mediteranean zone in the south and coniferous zone in the north) were
very suitable as hydrobioclogical demarcation lines. The difference
between "CW" and "B" (fig. V 2) is more subtle and does not show in the
terrestrial vegetation, In Iceland many Important groups of aquatic
organisms are lacking or very poorly represented. A classification and
description of its freshwater communities will not be comparable to any
other part of Europe. With respect to blological character, the European
streams can readily be divided in three main categories. Every category
is in fact a separate sequence of stream system development with
temperature (general level and annual fluctations) as the principal
differentiating factor:

a) the high altitude series (KRYON).

- water originating from melting snow or glacier-ice,

- maximum temperature (monthly mean) very low (0-8 oC),

- water oligotrophic, primary production very low,

- no surrounding vegetation.
Theoretically a stream system of this type can develop from small, steep
torrent to large slow-flowing stream (a "cold potamon"). In the temperate
climatical region the last possibility is never realized, because this
streamtype 1s necessarily high up in the mountains. At higher latitudes a
diversification of the Kryon-series can be seen, caused by breakdown of

the correlation between the parameters cold-small-steep-torrential.
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| - iceland
N- northern Europe
B- Britisch Islands

CW: cental and

western Europe

S = sputhern
Europe

CW = central and western Europe,
B = British Islands,
N = Northern Europe,

§ = Southern Europe, (I = Iceland).

Fig. V 1. Hydrobiological regions of Europe.

Fig. V 2. Generalized Central European stream. (includes types I, (ID),

IV (V), VI).
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b} medium-altitude series (RHITHRON and POTAMON),
- water originating from sources (or continuation of previous type),
- temperature regime evolves from cold/stable to warm/instable,
- upper reaches oligotrophic, lower reaches eutrophic,
- streamside vegetation ranging from pasture to deciduous forest,
Allochthonous input important.
Zonation of flora and fauna is relatively clear in series a) and b). A

generalized scheme is given in fig. V 2.

¢) lowland series,
- water originating from sources or direct surface runoff. First
order streams of the system on lower altitudes,
- temperatures depending on origin of water and insclation. Generally
high as compared to previous types.
From a blological point of view streamsystems of this type can hardly
be fitted into the rhithron potamon-scheme.

Kryon Rhithron Potamon
maximum monthly
mean temperature g° 8°-20° more than 20°
gradient (o/oo) >100 100-2 <2
width 0-1m 1-5m 5-100 m
current velocity <1l m/sec 0,5-1 m/sec <0,5 m/sec
dominant microflora attached algae attached algae plankton
dominant macroflora - mosses, liverworts phanerogams
dominant invertebrate Diamesinae, Plecoptera, Ephemeroptera,
Plecoptera Ephemeroptera Trichoptera,
Trichoptera, Coleoptera,
Elminthidae Heteroptera
Mollusca

dominant fish - Salmonidae Cyprinidae



-138-

IT BIOLOGICAL SECTION.

I1.1 Some notes on the interpretation of the listed data.
Origin of water. Only the most typical form of stream system initiation
is given. There are always other contributions like direct surface-runoff
or melting snow in spring.
Average gradient, i.e. averaged over at least several hundreds of metres
stream length.
Current velocity. Indicated for centre of stream, that is halfway between
the banks and halfway between surface and bottom.
Organisms are listed in four major groups:
PLANKTON (true plankton, free-floating and normally growing and
reproducing in free water)
STREAMBED VEGETATION
(includes only truly aquatic forms)
INVERTEBRATE BENTHIC FAUNA
FISH

Within each major group the higher taxa ("mosses", "Plecoptera") are
roughly listed in descending order of importance, being the amount of
genera or species they contribute to the total biocoenosis. Only genera
and species are given that occur most frequently in a watertype. The
presence of vegetation is very dependent on light exposure. Plants can be

quite naturally absent from shaded parts of a stream.
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II.2 Central and Western Europe.

Central and western Europe, type 1. Glaciertorrent.

Alt

4000m

2500m

1000m
Fig. v 3,
origin of water: melting ice of glacier.
average gradient: >200°/oo
cutrent velocity: > 0,5 m/sec.

Maximum temperature amplitude

(monthly mean): 8°C

width: 0-3m

dominant substrate: rock, pebbles

nutrient status: oligotrophic

energetic type: autotrophic

substrate activity: ercding

oXygen content: arcund 100% saturation

PLANKTON -

STREAMBED VEGETATION attached algae (e.g. Chamaesiphon sp.,

Diatoma hiemale var. mesedon,



INVERTEBRATE FAUNA

FISH
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Achnantes sp. etc.)

mosses (Fontinalis sp. and others).

some insect-larvae only (most

characteristic species underlined):

Diamesa steinbocki, Diamesa gr.

latitarsis

Eukiefferiella sp.

Prosimjlium sp.

Nemoura sp.

Drusus sp., Rhyacophila sp.

additionally other Trichoptera
other Simuliidae
other Plecoptera
Blepharoceridae

Total amount of species: 10 - 15

Central en Western Europe, type II. high altitude torrent.

4000m

2500m

10G0m

Fig. V 4.
origin of water:

average gradient:

melting snow or source
>200° /00
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current velocity: > 0,5 m/sec.

max. annual temp. ampl.

(monthly mean}: 8°%¢c

width: 0O-3m

dominant substrate: rock, pebbles

nutrient status: oligotrophic

energetic type: autotrophic

substrate activity: eroding

oxygen content: around 100% saturation

PLANKTON

STREAMBED VEGETATION attached algae (Cyanophyceae
Chlorophyceae
Diatomae, Desmidiaceae)

mosses
INVERTEBRATE FAUNA Plecoptera: Protonemura sp.

Amphinemura staﬁdfussi
Perlidae, Leuctra sp.

Ephemeroptera: Ecdyonurus sp.
Rhithropena sp., Baetis
sp.

Diptera Simuliidae
Chironomidae
{Diamesini,
Eukiefferiella sp.)
Dicranota sp.
Atherix sp.
Tipulidae, Tabanidae

Tricladida: Crencbia alpina

Tubificidae: div. sp.

Total amount of species 10 - 25.
FISH

Central and Western Europe, type ITI. High-altitude lake outflows,



4000m

2500m

1000m

Fig. V 5.

origin of water:
average gradient:
current velocity:

max. annual temp. ampl.
(monthly mean):

width:

dominant substrate:

nutrient status:
energetic type:
substrate activity:

Oxygen content:
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high-altitude lake
>200° /00

> 0,5 m/sec.

15°¢

0-10m

rock, pebbles

oligotrophic
allotrophic
eroding

around 100% saturation



PLANKTON

STREAMBED VEGETATION:

INVERTEBRATE BENTHIC FAUNA:

FISH
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phytoplankton

zooplankton

Chlorophyceae
Scenedesmus sp.
Pediastrum sp.
Cosmarium sp.
Chrysophyceae
Mallomonas sp.
Chromulina sp.
Bacillariaophyceae
Cladocera
Copepoda
Ostracoda

similar to type II.

Trichoptera

Diptera

Ephemeroptera

Tricladida
Oligochaeta

Hydropsyche pellucidula
Rhyacophila div. sp.
Philopotamus montanus
Potamophylax sp.
Simuliidae

Piamesini
Orthocladiinae

Blepharoceridae

Baetis sp.

Ecdyonurus sp.

Rhithrogena sp.
Crenobia alpina

Tubificidae
Lumbriculidae

total amount of species: 20 -30

note: directly after lake-outflow high

biomass of Simuliidae and net-spinning

Caddisflies. Back to normal numbers

within the first several hundreds of

meters of the stream.
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Central and Western Europe type IV. Small mountain- and hillstreams (soft

water).

Fig. V 6.

origin of water: sources
average gradient: 100 - 20/00
current velociy: >0,5% m/sec.

maximum temperature amplitude
o

{monthly mean): 20°C

width: 0,5 - 5m

dominant substrate: pebbles, gravel (of igneous rock
types)

water hardness: <2°d

nutrient status: oligotrophic

energetic type: autotrophic with variable

allochthonous input.
substrate activity: eroding

oxygen content: around 100% saturation



PLANKTON
STREAMBED VEGETATION

INVERTEBRATE FAUNA
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none

dominated by attached algae and

mosses.

attachted algae: Diatoma hiemale var.

mosses;

mesodon

Ceratoneis arcus

Achnantes sp.
Lemanea fluviatilis
Hildenbrandia
rivularis

Ulothrix zonata
Cladophora glomerata
Fontinalis
antipyretica

Chiloscyphus
rivularis

Additionally liverworts (Pellia sp.)

and in the lower reaches higher plants

(Callitriche sp., Myriophyllum sp.,

Potamogeton sp.)

dominated by insect orders Plecoptera

Plecoptera:

Ephemeroptera:

Trichoptera:

Ephemeroptera,
Trichoptera and
Diptera + Gammaridae
(Crustacea)

Nemoura div. sp.
Protonemura sp.

Brachyptera risi
Perlidae

Ecdyonurus sp.
Baetis sp.
Rithrogena sp.
Ephemerella ignita
Hydropsyche sp.
Rhyacophila sp.
Ephemerella ignita



FISH

Central and Western Eurcpe, type V.

origin of water:
average gradient:

current velocity:

max. temp. amplitude

(monthly mean):
width
dominant substrate:

water hardness:

nutrient status:

energetic type:

substrate activity:

oxygen content:
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Diptera Simuliidae

Liponeura sp.
Atherix sp.
Dicranota sp.
Prodiamesa olivacea
Brillia modesta
Gammaridae: Gammarus sp. or div,
sp.
Additionally some species of the
groups Platyhelminthes, Mollusca,
Oligochaeta, Heteroptera, Coleoptera
and Chironomidae may be present.
Total amount of species 50 - 100
Characteristically:
Cottus gobio, Salmo trutta farijo,

Phoxinus phoxipus, Noemacheilus
barbatulus, Leucigcus leuciscus, Lota

lota, Gobio gobio, Leuciscus cephalus,
Chrondrostoma nasus, Thymallus

thymalius

Mountain- and hillstreams (hard

water)

sources
200 - 2°/00
> 0,5 m/sec.

20°c

0,5-5m

pebbles, gravel (of calcareous type)
> 2°p

meso- to eutrophic
autotrophic with variable
allochthonous input
eroding

arond 100% saturation
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PLANKTON: -
STREAMBED VEGETATION attached algae: Vaucheria sessilis
Cladophora glomerata
Cocconels pediculus
Diatoma wvulpgare
Synedra ulna
mosses: Rhynchostegium

rusciforme
higher plants (only in lower

parts, where the
current is weak
enough to allow
growth of
phanerogams)
Zannichellia

palustris
Sium erectum

Ranunculus sp.

Veronica sp.
INVERTEBRATE BENTHIC FAUNA: similar to type IV.

FISH: similar to type IV.
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Central and Western Europe, TYPE VI. Upland rivers.

1000m &

500m

Fig. V 7.

Origin of water: smaller streams
average gradient: < 20/00

current velocity: < 0,5 m/sec

max. temp. ampl.

{(monthly mean): > 20%

width: 5-50m

dominant substrate: pebbles, sand, mud
nutrient status: eutrophic

energetic type: autotrophic with variable

allochthonous input



substrate activicty:

oxygen content:

PLANKTON:

STREAMBED VEGETATION

INVERTEBRATE FAUNA
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depositing
5¢ - 150% saturation

Phyto- and zooplankton present.

Phytoplankton: Asteriomnella sp.

Stephanodiscus sp.

Fragillaria sp.
Botryococcus sp.

Anabaena sp.
zooplankton: Dinobryon sp.
Ceratium hirundinella
Notholca longispina
Asplanchna sp.
Leptodora kindtii
Diaphanosoma sp.
Daphnia sp., Bosmina
sp., Diaptomus sp.

Cyclops sp.
higher plants more important, but

algae and mosses (as in type V) still

present.

Higher plants: Sparganium sp.

Potamogeton div. sp., Butomus

umbellatus and others.

many groups represented

Ephemeroptera: Pothamanthus luteus,
Epheron virgo
Rhithrogena div. sp.
Heptagenia gulphurea
Baetis div. sp., Caenis
div. sp., Ephemerella
ignita

Plecoptera: Taeniopteryx nebulosa
Brachyptera risi
Isoperla grammatica

Trichoptera: Rhyacophila sp.
Hydropsyche sp.
Leptocerus sp.



FISH
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Neureclipsis bimaculata
Heteroptera: Aphaelocheirus

aestivalis, Corixidae,

Notonectidae
Coleoptera: Elminthidae, Dytiscidae
Diptera: Simuliidae

Chironomidae
Odonata: div. sp.

Oligochaeta: div. sp.

Tricladida: div. sp.

Hirudinea: div. sp.

Mollusca: Gastropoda div. sp.
Lamellibranchia div.sp.

Crustacea: Gammarus sp., Asellus

aquaticus, Asellus
meridiapnus, Astacus sp.

Total amount of species more than 100.
Characteristic and dominant are the
Cyprinidae, e.g. Barbus barbus,
Chondrostoma nasus, Rhodeus sericeus

amarus, Leuciscus leuciscus, Rutilus

rutilus, Scardinius erythrophthalmus,
Tinca tinca, Abramis brama

Additionally: Lota lota, Perca
fluviatilis, Esox lucius, Blicca
bjcerkna + anadromous fish (Petromyzon
marinus, Lampetra fluviatilis, Salmo
salar, Salmo trutta, Alosa alosa,
Osmerus eperlanus)
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Central and Western Europe, type VII. Rain-fed lowlandstreams.

Fig. V 8.

Origin of water: surface run-off
average gradient: < 20/00

current velocity: < 0,5 m/sec.

maximum temperature amplitude

(monthly mean): > 20°CB

width: 0,5 - 20 m

dominant substrate: sand, mud

nutrient status: oligotrophic --> eutrophic
energetic type: autotrophic with variable

allochthonous input

substrate activity: depositing

oxygen content: 50 - 150% saturation

PLANKTON -

STREAMBED VEGETATION higher plants (Callitriche hamulata,

Sium erectum f. submersum, Veronica
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anagallis aquatica, Myriophyllum
alternifolorum

mosses Fontinalis antipyretica
INVERTEBRATE BENTHIC FAUNA Ephemeroptera Baetis sp.
Centroptilum luteolum
Procloeon

pseudorufulum, Cloeon
sp., Brachycercus
harrisella

Trichoptera Hydropsyche sp.
Halesus sp., Anabolia

rvosa, Plectrocnemia

sp.

Diptera Simuliidae
Orthocladiinae
Chironominae
Tipulidae, Tabanidae

Odonata Calopteryx splendens
Coenagrionidae

Heteroptera Corixidae

Velia caprai, Gerris

najas

Coleoptera Dytiscidae, Drycpidae
Elminthidae

Crustacea Gammarus sp., Asellus
Sp.

Oligochaeta Tubificidae
Lumbriculidae

Hirudinea div. sp.

Mollusca Ancylus fluviatilis

Acroloxus lacustris
Lymnea sp., Planorbis
sp., Pisidium sp.
Sphaerium sp.
Hydracarina Lebertia sp., Sperchon

Sp.
FISH Salmo trutta fario

Cottus gobio
Noemacheilus
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barbatulus, Lampetra
planeri, Leuciscus
idus, Gobio gobio,
Umbra pygmaea, Perca
fluviatilis, Esox
lucius, Cobitis taenia,
Gasteyrosteus aculeatus,
Pupgitius pungitius

Central and Western Europe, type VII]. source-fed lowlandstreams

Origin of water:

average gradient:

current velocity:

maximum temperature amplitude
(monthly mean):

width:

dominant substrate:

nutrient status:

energetic type:

substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA

sources
< 20/00
< 0,5 m/sec.

< 20%
0,5 -5m
pebbles, sand, mud

eutrophic

autotrophic with variable
allochthonous input
depositing

around 100% saturation

higher plants Ranunculus fluitans, R.
cireinatus, R. tricho-
phyllus
Zannichellia palustris
Potamogeton div. sp.
Sium erectum f.
submersum

attached algae

Ephemeroptera Ephemerella ignita



-154-

Odonata

Plecoptera

Mollusca

Coleoptera

Diptera

Trichoptera

Hydracarina

Crustacea

Tricladida

Hirudinea

Baetis div. s=p.

Heptagenia sulphurea

Centroptilum sp.
Cloeon sp., Caenis sp.

Calopteryx virgo, C.
splendens, Ischnura

elegans
Coenagrionidae
Libellula sp.

Nemoura sp., Leuctra
sp., Perlidae

Lymnea div. sp.
Planorbis div. sp.
Physa fontinalis
Ancylus fluviatilis
Sphaerium sp., Pisidium
sp., Anodonta sp.
Dreissena sp.
Dytiscidae, Gyrinidae,
Haliplidae, Elminthidae
Chironomidae
Orthocladiinae
Tanypodinae
Simuliidae, Dicranota
sp., Atherix sp.
Rhyacophila sp.
Apapetus fuscipes

Polycentropidae

Hydropsyche sp.
Limnephilidae

Sperchon sp., Lebertia
sp., Limnesia sp.
Hygrobates sp.
Gammarus sp., Asellus
div. sp.

Polycelis sp., Dugesia
sp., pengrocoélgg
lacteum

Pigscicola geometra
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Erpobdella div. sp.
Helobdella stagnalis
Glossiphonia div. sp.
FISH Lampetra planeri, Salmo trutta fario,
Gobio gobio, Rutilus yutilus,
Noemacheilus barbatulus, Cottus gobio,
Cobitis taenia, Anguilla anguilla,
Gasterosteus aculeatus, Pungitius
pungitius, Esox lucius, Perca
fluviatilis

Central and Western Europe, type IX. Lowland rivers

100m

Fig. Vv 9,

Origin of water: smaller streams

average gradient: < 20/00



current velocity:

maximum temperature amplitude
(monthly mean}:

width:

dominant substrate:

nutrient status:
energetic type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA
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< 0,5 m/sec.

> 20°%C
0,5 - 20m

sand, mud

eutrophic
autotrophic
depositing

50 - 150% saturation

some phyto- and zooplankton
higher plants Glyceria maxima

Phragmites australis
Nymphaea alba, Caltha
palustris, Elodea
canadensis
attached algae Cladophora sp.

Mollusca Physa fontinalis

Viviparus div. sp.
Lymnea sp., Planorbis
sp., Valvata sp.
Bithynia sp., Acroloxus
lacustris, Unio div.
sp., Anodonta div. sp.
Dreissena sp.
Sphaerium sp., Pisidium
SP.
Ephemeroptera (Cloeon sp., Caenis div.
Sp.
Leptoceridae, Anabolia
nervosa, Molanna

angustata
Polycentropidae

Trichoptera

Diptera Chironomidae,
Simuliidae, Chaoboridae
Crustacea Gammarus sp.

Asellus div. sp.
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Astacus astacus
Hirudinea Erpobdella div. sp.
Helobdella stagnalis
Piscicola geometra
Glosgiphonia div. sp.

Coleoptera Dytiscidae, Gyrinidae
Elminthidae
Heteroptera Corixidae, Gerridae

Lampetra planeri, Noemacheilus
barbatulus, Gobio gobio, Rutilus
rutilus, Cottus gobio, Cobitis taenia,

Anguilla anguilla, Gasterosteus

aculeatus, Pungitius pungitius, Esox
lucius, Perca fluviatilis

British Isles - type 1. mountain- and hillstreams (soft water)

Origin of water:

average gradient:

current velocity:

maximum temperature amplitude
(monthly mean):

width:

dominant substrate:

flow regime:

nutrient status:

energetic type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

sources

200 - 2%/00

0,5 m/sec,

15°c

0,5-5m

rock, pebbles, gravel
instable

oligotrophic

autotrophic with variable
allochthonous input
eroding

around 100% saturation

attached algae Diatoma hiemale

Ceratoneis arcus




INVERTEBRATE BENTHIC FAUNA
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mosses

liverworts

Plecoptera

Ephemeroptera

Trichoptera

Diptera

Coleoptera

Mollusca

Hydracarina

Tricladida

Crustacea

Salmo trutta fario, Phoxinus phoxinus,

Achnantes sp., Eunotia
div. sp., Tabellaria
div, sp.

Eurhynchium sp.
Hygroamblystegium
fluviatile

Pellia epiphylla
Conocephalum conicum
Nemoura sp.
Brachyptera risi

Amphinemura sp.
Protonemura Sp.

Leuctra div. sp.
Perlidae

Baetis div. sp.

Ephemerella ignita
Rhithrogena sp.
Ecdyonurus sp.
Heptagenia sp.
Rhyacophila sp.
Hydropsyche instabilis
Plectrocnemia div. sp.
Wormaldia sp.
Simuliidae
Orthocladiinae
Tipulidae, Atherix sp.
Dicranota sp.

Velia caprai, Gerris
sp.

Ancylus fluviatilis
Lebertia sp., Sperchon
Sp.

Crencbia alpipa

Polycelis felina

Gammaridae

Noemacheilus barbatulus, Gobio gobio
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British Isles - type II, mountain- and hill streams (hard water)

Origin of water:

average gradient:

current velocity:

maximum temperature amplitude
(monthly mean):

width:

dominant substrate:

flow regime:

nutrient status:

energetic type:

substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA

sources
200 - 2°/00

< 0,5 m/sec.

15%

0,5 -5m

rock, pebbles, gravel
instable

eutrophic

autotrophic with variable
allochthonous input
ercding

around 100% saturation

attached algae Cocconejs placentula

Ulvella frequens

Chamaesiphon sp.
Synedra ulna, Navicula

viridula, Surirella

ovalis, Cymbella sp.

Gomphonema sp.

mosses
liverworts

similar to type I
similar to type I

British Isles - type II], Intermediate type

Origin of water:
average gradient:

current velocity:

smaller streams
20 - 1%/00
< 0,5 m/sec.
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maximum temperature amplitude

(monthly mean): > 15%

width: 5-20m

dominant substrate: pebbles, gravel

flow regime: relatively stable

nutrient status: eutrophic

energetic type: autotrophic

substrate activity: eroding

oxygen content: around 100% saturation

PLANKTON -

STREAMBED VEGETATION attached algae, mosses as in type I

higher plants Apium nodiflorum
Callitriche div. sp.

Berula erecta, Mentha

aquatica, Groenlandia

densa, Zannichellia

palustris, Potamogeton
erispus
INVERTEBRATE BENTHIC FAUNA Plecoptera Leuctra sp., Dinocras
cephalotes, Chloroperla
sp.
Ephemeroptera Habrophlebia fusca

Baetis div. sp.

Ecdyonurus sp.
Ephemerella ignita

Caenis sp.

Trichoptera Tinodeg waeneri

Apapetus fuscipes
Lepidostoma hirtum
Cyrnus trimaculatus
Hydropsyche sp.

Rhyacophila sp.
Diptera Simuliidae

Chironomidae
Tipulidae, Tabanidae
Atherix sp., Dicranota
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sp.
Tricladida Crenobia alpina

Dendrocoelum lacteum

Hirudinea Glossiphonia

complanata, Erpobdella
sp., Helobdella

stagnalis

Mollusca Potamopyrpgus jenkinsi
Ancylus fluviatilis
Planorbis sp., nea
Sp.

Oligochaeta Eiseniella tetraedris
Tubificidae

Hydracarina Lebertia sp.
Hygrobates sp.

Coleoptera Elminthidae, Dytiscidae
FISH Salmo trutta farjo, Lampetra planeri,

Phoxinus phoxinus, Noemacheilus

barbatulus, Anguilla anguilla,

Gasterosteus aculeatus

British Isles - type IV, maln rivers.

Origin of water: smaller streams
average gradient: < 20/00
current velocity: < 0,5 m/sec.

maximum temperature amplitude

(monthly mean}: > 150C

width: 20 - 100 m
dominant substrate: gravel, sand, mud
flow regime: relatively stable
nutrient status: eutrophic
energetic type: autotrophic
substrate activity: depositing

oxygen content: 50 - 150% saturation



PLANKTON

STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA

-162-

phytoplankton

zooplankton

higher plants

algae

Ephemeroptera

Trichoptera

Odonata

Plecoptera

Coleoptera

Heteroptera

Mollusca

Asterionella sp.

Cyclotella sp.
Stephanodiscus sp.

Synedra sp.
Dinobryon sp., Ceratium
SP.

Asplanchna sp.
Leptodora kindtii
Daphnia sp., Bosmina
sp.

Sagittaria
sagittifolia, Secirpus
lacustris, Rorippa
amphibia, Sparganium
emersum, Nuphar lutea
Enteromorpha sp.
Baetis div. sp.

Habrophlebia fusca
Cloeon sp., Caenis sp.

Centroptilum pennulatum
Polycentropus
flavomaculatus

Phryganea sp.
Hydroptilidae

Leptoceridae

Ischnura elegans
Cordulegaster boltonii
Nemoura cinerea
Taeniopteryx nebuilosa
Leuctra fusca, Isoperla

grammatica
Dytiscidae, Gyrinidae

Corixidae
Notonectidae, Nepidae
Lymnea sp., Planorbis
sp., Bithynia sp.
Physa fontinalis
Acroloxus lacustris
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Crustacea Gammaridae, Asellus
aquaticus, Asellus
meridianus

Oligochaeta Tubificidae, Naididae

Hirudinea

Gobio gobio, Perca fluviatilis, Esox

lucius, Lampetra planeri, Tinca tinca,
Rutilus rutilus, Scardinius
erythrophthalmus, Abramis brama,
Anguilla anguilla (anadromous:
Petromyzon maripus, Lampetra

fluviatilis, Alosa alosa, Alosa
fallax, Salmo galar, Salmo trutta,

Osmerus eperlanus)

British Isles - type V, Chalk streams

Origin of water:

average gradient:

current velocity:

maximum temperature amplitude
(monthly mean):

width:

dominant substrate;

flow regime:

nutrient status:
energetlec type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

sources
< 20/00
< 0,5 m/sec,

> 15%

l -20m

gravel, silt, mud
relatively stable

mesotrophic
autotrophic
depositing
50 - 150% saturatiom

higher plants Ranunculus penicillatus
var. calcareus, Apium
nodiflorum, Rorippa
nasturtium aquaticum,



INVERTEBRATE BENTHIC FAUNA
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Ephemeroptera

Trichoptera

Plecoptera

Odonata

Coleoptera

Heteroptera

Diptera

Hydracarina

Crustacea

Tricladida

upper parts:

Batrachium sp.
Potamopeton div. sp.
Baetis div. sp., Cloeon
sp., Ephemera danica,
Paraleptophlebia
submarginata
Heptagenia sulphurea
Ephemerella ignita
Rhyacophila sp.
Agapetus sp.
Plectrocnemia
conspersa, Hydropsyche

sp., Polycentropus sp.
Molanna angustata

Nemoura cinerca

Leuctra div. sp.

Isoperla grammatica
Perla microcephala
Calopteryx splendens
Pyrrhosoma nymphula
Ischnura elegans

Sympetrum sp.
Dytiscidae, Haliplidae

Gyrinidae, Elminthidae

Corixidae
Aphelocheirus
montandoni
Simuliidae
Chironomidae

Eylais sp., Sperchon
sp., Lebertia sp.
Hygrobates sp.
Atractides sp.
Gammarus pulex pulex
Asellus aquaticus
Asellus meridianus
Dugesia lugubris

Polycelis sp.
Cottus gobio, Salmo




-165-

trutta fario, Phoxinus
phoxinus, Noemacheilus
barbatulus, Thymallus
thymallus

lower parts: Rutilus rutilus, Gobio

gobio, Leuciscus
leuciscus, Anguilla

anguilla

British Isles, type VI, winterbournes

In all respects winterbournes are very much like normal chalk streams
(type V), only the flow regime is very umstable. Due to the porous
substrate and the sinking groundwater level in summer, Winterbournes are
stagnant or dry during a considerable part of the year. Some of them only

carry water from March to July.

A few weeks after flow starts, flora and fauna are a fragment of a

chalkstream-biocoenosis:

PLANKTON -
STREAMBED VEGETATION higher plants Qenanthe cgrocata
attached algae Tribonema sp., Melosira
sp., Fragillaria sp.
INVERTEBRATE BENTHIC FAUNA Eiseniella tetraedra, Planorbis
leucostoma, Zonitoides nitidus, Baetis
vernus, Stenophylax sequax, Haliplus

lineatocollis, Agabus sp., Dytiscidae,
Lymnea truncatula

Of the most stable winterbournes (3 to 4 months of contimuous flow, never

completely dry) flora and fauna are comparable to those of a chalkstream

(type V).
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British Isles, type VII. Rainfed lowlandrivers

Origin of water:
average gradient:

current velocity:

maximum temperature amplitude

(monthly mean):
width:

dominant substrate:

fluctuations in flow:

nutrient status:

energetic type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

INVERTEBRATE FAUNA and FISH

II. 4. Noxthern Europe

surface run-off
< 20/00
< 0,5 m/sec.

> 15%
0,5 - 10m
sand, mud

strong

oligo- ---> eutrophic
autotrophic with variable
allochthonous input
depositing

50 - 150% saturation

upper reaches: Apium nodiflorum
Callitriche sp.
Phalaris arundinacea
Sparganium erectum

Veronica beccabunga
lower reaches: Elodea canadensis

Sagittaria
sagittifolia, Scirpus

lacustris, Sparganium
emersum, Sp. erectum
Lemna minor, Nuphar
lutea

see type VII, central & western Europe

General differences with central European streams:

- water temperatures generally much lower; no correlation between low

temperature and high altitude (c.q. high gradient and current

velocity).
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- the great majority of waters is soft-oligotrophic,
- allochthonous input as an energy source is much more important than
primary productiocn,

- insect larvae are the most important component of the benthic fauna.
Suggested classification:
. Glacier streams.

a
b, Mountain streams above birch-zome.

. Streams Iin birch- or coniferous zone.

(2]

d. Large rivers.

N-Europe, type a. Glacierstreams.

Origin of water: melting glacier

average gradient: very variable, depending on latitude,
c.q. altitude of glacier and stream

current velocity: very variable, depending on gradient

maximum temperature amplitude

{monthly mean): 4°c

width: 0,5 -20m

dominant substrate: rock, pebbles

nutrient status: oligotrophic

energetic type: allotrophic

substrate activity: eroding

oxygen content: around 100% saturation
PLANKTON -

STREAMBED VEGETATION attached algae, mosses
INVERTEBRATE BENTHIC FAUNA one to several species of

Orthocladiinae (Diamesa sp., Diamesa
lindrothi, Eukiefferiela sp.
Simuliidae (lower parts)

FISH Salvelinus alpinus
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N-Europe, type b, mountainstreams above the Birchzone.

Origin of water: melting snow, rain

average gradient: 200 - 20/00

current velocity: > 0,5 m/sec.

width: 0,5 -10m

dominant substrate: rock, pebbles

nutrient status: cligotrophic

energetic type: autotrophic

substrate activity: eroding

oxygen content: around 100% saturation

PLANKTON -

STREAMBED VEGETATION Cyanophyceae (Lyngbya sp., Stigonema
sp.)

Bacillariophyceae (Achnantes sp.,
Ceratoneis arxcus)
Chlorophyceae (Ulothrix zonata,

Oedogonium sp.)
mosses (Fontinalis sp., Aulacomnium

sp.)
INVERTEBRATE BENTHIC FAUNA Plecoptera Nemoura sp., Leuctra
div. sp., Nemurella
plcteti, Perlidae

Ephemeroptera Heptagenia sp., Baetis

sp.
Trichoptera Rhyacophila sp.
Hydropsyche sp.
Diptera Orthocladiinae
FISH Salmo trutta fario, Phoxinus phoxinus,

Lota lota
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N-Europe. type ¢., Streams in the Birch- or coniferous zone

Origin of water:

average gradient:
current velocity:
width:

dominant substrate:

nutrient status:

energetic type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA

melting snow or sources/ surface
run-off (depending on season)
200 - 2°/00

30 - 70 em/sec.

0,5 -50m

pebbles, gravel

oligotrophic

mainly allotrophic + some primary
production

eroding

around 100% saturation

attached algae Ulothrix zonata

Achnantes sp.

Ceratoneis arcus
Hydrurus foetidus

Lemanea fluviatilis

Nostoc sp.

mosses Fontinalis div. sp.
Scapania undulata
higer plants Callitriche sp.
Ranunculus peltatus
Potamogeton sp.
Plecoptera Perlidae, Leuctra div.
sp., Capnia sp.
Nemoura div. sp,.
Ephemeroptera Baetis div. sp.
Heptagenia sp.
Siphlonurus sp.
Leptophlebia sp.
Ephemerella ignita
Trichoptera Hydropsyche sp.
Rhyacophila sp.
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Sericostoma personatum
Drusus sp.
Limnephilidae

Diptera Simuliidae
Orthocladiinae

Hydracarina div. sp.

Mollusca Ancylus fluviatjlis
Tricladida Crenobia alpina

Salmo trutta fario, Cottus gobio (not

Norway), Phoxinus phoxinus, Leuciscus
div. sp., Lota lota, Thymallus
thymallus, Lampetra planeri (not
Finland), Salmo salar, Salmo trutta,
Salvelinus alpinus

Northern-Europe type d., Large rivers

Origin of water:
average gradient:
current velocity:
width:

dominant substrate:

nutrient status:
energetic type:
substrate activity:

oxygen content:

PLANKTON
STREAMBED VEGETATION

smaller streams

< 2°/oo

< 0,5 m/ sec.

> 50 m

pebbles, gravel, mud

meso- eutrophic
autotrophic
depositing

around 100% saturation

some phyto- and zooplankton

higher plants Potamogeton div. sp.

Sparganium
angustifolium, Scirpus
sp., Sagittaria

sagittifolia
Callitriche sp.
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Ranunculus div. sp.
mosses Fontinalis dalecarlica
Calliergonella sp.
attached algae
Plecoptera Amphinepura borealis
Leuctra div. sp., Diura
panseni, Perlidae

Brachyptera risi

Ephemeroptera Baetis div. sp.

Siphlonurus lacustris

Heptagenia sulphurea
Nemurella picteti
Ephemerella ignjta
Trichoptera Polvcentropus sp.
Limnophilidae
Stenophylax sp.
Rhyacophila sp.
Hydropsyche sp.

Halesus sp.

Diptera Orthocladiinae
Simuliidae, Tipulidae
Tabanidae

Hydracarina div. sp.

Mollusca Lynmnea peregra
Pisidium sp.

Egsox lucius, Leuciscus div. sp.,

Rutilus rutilus, Abramis brama,

Alburnus alburnus, Anguilla anguilla,

Lota lota, Perca fluviatilis, Acerina

cernua, Petromyzon marinus, Lampetra
fluvjatilis, Accipenser sturio, Alosa
alosa, A. fallax, Salmo salar, S.

trutta, Salvelinus alpinus, Osmerus

eperlanus
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II. 5 $Southern Europe

Most mediterranean streams are biologically comparable to Central
European types, provided that they carry water for more than half a year
continuously. Owing to the very dry climate this is often not the case.
Accordingly, many mediterranean streams are intermittent or very

irregular.

Suggested classification:

. High-altitude torrents.
. High-altitude lake outflows.
. Mountain- and hillstreams (rhithron).

. Main rivers (Potamon)

m o9 O b

Intermittent or highly irregular streams

Southern Europe, s A&B.

A, High altitude stream

Origin of water: melting snow

average gradient: > 2000/00

current velocity: > 1 m/sec.

maximal annual temperture

ampl. (monthly mean) 8%

width 0-3 m

dominant substrate: rock, pebbles

flow regime very low to dry in summer
nutrient status: oligotrophic

energetic type: autotrophic

substrate activity: eroding

exygen content: around 100% saturation

PLANKTON -



STREAMBED VEGETATION

INVERTEBRATE BENTHIC FAUNA

FISH

B. Lake Outflows

Origin of water:

average gradient:

current velocity:

maximal annual temperture
ampl. (monthly mean)
width:

dominant substrate:

flow regime:
nutrient status:
energetic type:

substrate activity:

oxygen content:

PLANKTON

STREAMBED VEGETATION
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attached algae Hydrurus foetidus

Ceratoneis arcus

Hydrococcus sp.

Chamaesiphon sp.

Hildenbrandia sp.
Diamesa gr. latitarsis, Simuliidae,
Protonemura sp., Rhyacophila sp.,
Drusus sp., Leuctra sp., Perlidae

high or medium altitude lake
> 200° /00

> 1 m/sec.

15%

0-10m

rock, pebbles

relatively stable

eutrophic
allotrophic
eroding

around 100% saturation

phytoplankton Scenedesmus sp.
Pediastyum sp.
Cosmarium sp.
Mallomonas sp.
Chromulipa sp.
Diatomaceae

zobplankton Cladocera, Copepoda,
Ostracoda

similar to type A.
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INVERTEBRATE BENTHIC FAUNA Simuliidae, Hydropsyche sp.,
Plecoptera, Ephemeroptera,
Trichoptera, Crenobia alpina,
Oligochaeta

FISH -

Southern-Europe, types C.. D.. and E.

C. Mountain- and hillstreams

Origin of water: sources

average gradient: 200 - 20/00

current velocity: > 0,5 m/sec.

width: 0,5 - 10 m

dominant substrate: pebbles, gravel
nutrient status: eutrophic

energetic type: autotrophic

substrate activity: eroding

oxygen content: around 100% saturation
PLANKTON -

STREAMBED VEGETATION attached algae Diatoma hiemale

Meridion circulare
Achnantes lanceolata

Gomphonema sp.
Hildenbrandia sp.

Cladophora sp.
mosses Fontinalis sp.

Platyhypnidium sp.
higher plants (lower reaches only)

Callitriche sp., Apium
sp., Myriophyllum sp.

INVERTEBRATE BENTHIC FAUNA similar to central-European rhithron
FISH Cottus gobio, Salwo trutta subsp.,

Phoxinus phoxinus (only Iber.),
Lampetra planeri
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D, Main rivers

Origin of water: smaller streams

average gradient: < 20/00

current velocity: < 0,5 m/sec,

width: 10 - 100 m

dominant substrate: pebbles, sand, mud

nutrient status: eutrophic

energetic type: autotrophic

substrate activity: depositing

oxygen content: 50 - 150% saturation

PLANKTON general European potamoplankton
STREAMBED VEGETATION similar to central-European potamon
INVERTEERATE BENTHIC FAUNA similar to central-European potamon,

with the exception of Aphelocheirus

aestivalis
FISH Perca fluviatilis (not Iber.), Tinca

tinca, Rutilus rubilio (not Iber.),

Scardinius erythrophthalmus scardafa
(not Iber.), Blennius fluviatilis,

Anguilla anguilla
anadromous :

Petromyzon marinus, Lampetra
fluviatilis, Alosa alosa, Alosa fallax

nilotica, Salmo salar (only Iber.),

Salmo trutta {only Iber.), Osmerus

eperlanus (only Iber.)

Iype E,, Intermittent streams.
no plankton and no aquatic vegetation; fauna a fragment of the

rhitron-fauna (type C.)
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III. CLASSIFICATION OF EUROPEAN RUNNING WATERS - SURVEY

Central & Western Europe  British Isles __ S-Europe _______ N-Europe __ ______.

1. glacier torrent a. glacier streams

2. high-altitude A, high-altitude b. streams above
streams streams birch-zone

c. mountainstreams
in birch- or
coniferous zone

3. lake-outflows B. lake-outflows
4. mountain- and hill- I. mountain- and
streams (soft water) hill-streams

(soft water)

5. mountain- and hill- II. mountain- C. mountain- and
streams (hard water) and hill- hill-streams
streams
(hardwater)

III. interme-

diary type

6. upland rivers IV. main rivers D. main rivers

(potamon)

V. chalk streams
VI. winterbournes E. intermittent
streams

7. rainfed lowland- VII. rainfed low-

streams land streams

8. source-fed low-
land streams

9. lowland rivers
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2.6. Major rivers

The development of a drainage network depends on climate, relief and
geological formations. The distribution of networks over the globe is
closely related to the degree to which the land surface of the earth has
been disturbed.

Conventionally, rivers are classified as large, medium or small, accor-
ding to the size oi their catchment areas, their lengths and the volume of
their discharge.

Table 6 includes data on large- and medium-sized rivers that flow in-
to the seas and oceans, and also on large rivers that flow into closed in-
land seas (Volga, Amu Darya, Syr Darya, etc.); it also includes data on
lakes (Ili, Chari, Cooper’'s Creek, etc.) and other depressions without
external run-off (Sarysu, Okovango, etc.) [5, I3, 16 to 18, 23 to 25, 27, 30].

Table 6. Basic morphometric data on large- and medium-sized rivers that flow inte
oceans, seas and inland water bodies

Area of Area of
River : l&a?‘l n ) I.(e;rﬁh River (lctl)saiir:’) L?;:':]h
Europe

Volga ........oiaat. 1 360 3350 Dal ..civieinnts 29.0 520
Danube ............ 817 2 860 Kem ..oiivnnaa... 27.7 191
Dnepr ........co..... 504 2200  Jucar 224 506
Don .. ..oooiiiiiin.. 422 1870  Severn 21.0 390
Northern Dvina . 357 744 Mifo 17.7 30
Pechora ............ 322 1810 Tiber 17.2 405
Neva ..iveeennnennn 281 74 Tana 16.2 344
Ural cooviiiiiininnn 237 2430  Segura 16.1 341
Rhine .............. 224 1360 Shannon +.vovnennuen 15.7 368
Vistula ............ 198 1090 Thames ............ 15.3 405
Elbe .....cvvvnvnnn. 148 1110
Loire .............. 120 1110 Asia
Rhone 00 lago st Qb (withInysh) ... 200 3650
Neman .......ll... 982 937 jenisel 2
Duero .............. 95.0 925 k;?:r 1 855 g 820
Western Dvina ...... 87.9 1020 Y | 800 55920
Garonne ......ooee.. 86.0 650 angtze ..
Ebro 86 8 930 Gangas (with Brahma-
Tagus 809 1010 putra) .......coen 1730 3000
Seine 786 780 Indus vovvevennnenns 960 3180
Mezen 78.0 956 Mekong ... TRPEEALY 810 4500
Po ... 750 650 Shatt-al-Arabt) (Tigris
Dnestr .. 791 1 350 and Euphrates) .... 750 2760
Guadiana 790 agp HwangHo.......... 745 4670
Kuban .............. 579 g0 KOWMa -.oeioieeee 2l
Guadalquivir ........ 57.1 se0 1anm (Yarkend) .... 446 2000
Onega 560 416 Chutsyan .......... 437 2130
Narva oo .. 56.9 77 Irrawaddy .......... 410 2300
M&l’itsa """"""""""" 538 630 Kha'ta.nga .......... 364 1 636
Kemi ... .00 500 550 Indigirka .......... 360 1726
Weser ..o 460 794 Salween ........-... 325 2820
Terek ... 422 623 Godavari  ......cu.a 314 1 500

""""""" ' Amu Darya 3093 1415
Glama  .iiivinninn. 405 61l ya ..
Tornio ........c.ene. 395 310 Krishna (Kistna) .... 256 1290
Kiumi ..vviveniianas 378 600 Helmand ............ 250 1150

D The length of the Shatt-al-Arab proper (below the junction of the Tigris and
Euphrates rivers) is about 145 km.
2 Extent of the catchment area as far as Kerki.
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Table 6 (contd.)

Area of Area of
Length v Length
River “gla;l':,) (ke River “g,aii;,) ki)
Asia (contd.)
Yaha .cvveceenenns. 238 872 Moulouya ....... ves 52.0 450
Liao Ho ............ 231 13 Omo .............. 46.7 800
HwaiHo ............ 20 900 Gourits ............ 440 310
Olenek ............ 219 2270 Sebu .............. 40.0 460
Syr Darya®™ ., . ..., 219 2210 Cheélf .............. 35.0 700
Anadyr ............ 191 1150 Oum-er-Rbia ........ 344 556
KUra .vuveennveenss 188 1360 Pangani ............ 33.8 480
Pyasina ............ 182 818 Kovali ............ 28.8 480
Menam (Chao Phraya) 160 1200 Medjerda .......... 22.0 460
Taz civeeiivinnnn... 150 1400 Mono .............. 21.0 360
Hong Ha (Red River) 145 1 200

.................. 140 1000 North America
Mahanadl .......... 133 858 P .

Talmyra ------------ 124 754 Mlssoszlsr?;ppl (Wlth MIS- 3290 5985
llgerulen ............ 120 1264 a0 benzie (with Atha-

Ul saeer-ccnveianas 112 389 baska) 1 800 4940
Narmada e raraen 102 1 300 St. Lawrence . ... .. 1 950 3060
Anabar  ............ 100 939 Nelson (with Saska.

Sarysu ... 81.6 76l ith Saska-

Y - p tchewan} ........ 1070 2600
Kyzyl Irmzk ........ 75.8 1151 Yukon 852 3000
Penzhina .......... 73.5 713 Columbi'a. .......... 669 1 950
Tedzhen ............ 70.6 1124 Colorado (Stat . [A
Alazea ............ 64.7 498 ¢ ot A
Nadvm 64.0 545 Z0N3) ...iiviinn.. 635 2180
Ya[uy """""" 626 1500 Bravo del Norte (Rio

""""""" : Grande) .......... 570 2880
Uda ................ 61.3 457 Chu]‘chill 281 I 500
Chu ............ ..., 60.8 1180 Fraser ....... 290 1110
Sakarya ............ 56.5 % raon LT 142 -
Kamchatka .......... 55.9 704 Albany ... 00 134 975
Koksoak ............ 133 1300
Alrica Rio Grande de Santia
COREO evvvninnnnnns 3820 4370 1+ B 125 960
\u]e (with Kagera) . 2870 6670  QGrijalva (with Usu-
Niger .ovviininn... 2090 4 160 macinta) .......... 122 -
Zambezi ............ 1330 2660  Mobile (Alabama) ., 115 1 064
Orange ............ 1 020 1860 Brazoes ............ 114 1400
Chari .............. 880 1400 Moose .....oeen..... 108 —_
Okavango (Cubango) 785 1800 Hayes ............ 108 —
Juba (with Shabaile) 750 1600 Back .............. 107 960
Senegal ............ 44] 1430 Balsas .............. 106 —
Limpope .......... 40 1600 Severn ............ 101 976
Volta .............. 394 [600 Colorado (State of Te-
Ogowe ............ 203 850 Xas)  ....i.een.. , 100 1 450
Gambia ............ 180 1200 Fort George ........ 97.7 —_
Rufiji .............. 178 1400  Saguenay .......... 90.1 —
Cuanza ..... e 149 630 Panuco ............ 84.0 —
Ruvuma ............ 145 800 San Joaquin ...... 80.1 560
Cunene ............ 137 830  Churchill (Hamilton) 79.8 560
Sanaga ......0...en 135 860 Sacramento ........ 73.0 610
Save ...l 107 680  Susquehanna ........ 72.5 733
Bandoma .......... 97.0 780 Kazan .............. 715 —_
Dra ................ 95.0 1150 Winisk .............. 67.3 740
Tana  ......oo..... 91.0 720 Nottaway .......... 65.0 —
Kam .............. 765 1160 Copper ............ 61.8 360
Sassandra .......... 72.0 660  Saint John .......... 55.4 640
Kouilou ............ 62.0 600 Skeema ............ 54.9 510
Lurio .....ovooa.o.. 57.6 560  Apalachicola ........ 5.8 880

M) Extent of {he catchment area as far as Tyumen-Aryk station.



- 184 —

Table 6 (contd.)

Area of Area of
Length Length
River ey |tk River (1 ey | )
North America (contd.} Magdal_zna ........ 1251,154.') 1 957%)
Attawapiskat ........ 502 810 Eﬁfﬁgﬁ‘ @ e 138 350
Stikine ..eeeeoee... 492 520 puN ot 130 ~1000
Eastmain .......... 46.4 680 Mearims el 897 ~800
Manicouagan ........ 96 30 Dace ..ceiiviiii. 813 ~600
George  ............ a8 % Colorado’ .lllllllll 65.0 ~1000
g“mb?‘d" --------- 89 ¥ Paraiba ...l 500 800
P e - 700 Atrato ... 322  6M
Great Whale ........ 43.2 700 bl
Leal  oemmn it 430 200 Bio Bio ............ 243 380
St. Maurice ........ 427 — " Ocea
Papaloapan ........ 374 350 Australla and nia
Hudson ............ 35.0 490  Murray (with Darling) 1 060 3 490
Weiss ...v.ieiiaen. 31.3 _ Cooper's Creek ...... 285 2 000
Penobscot .......... 30.0 340 Diamantina ........ 156 896
Potomac .......... 30.0 460  Fitzroy (Eastern) .... 143 960
Harricanaw ........ 2.3 460 Burdekin .......... 131 680
Connecticut ........ 29.0 552 Flinders ............ 108 830
Savannah .......... 272 505  Fitzroy (Northwest).. 86.5 520
Ashburton .......... 82,0 640
South America Sepik (in New Guinea) 8LO 700
. Gascoyne .......... 79.0 770
Amazon  (with Uca- Victoria ............ 775 570
all) el 6915 6280  pgjpchenn IIlilllllll 69.3 520
La Plata (with Para- Murchison .......... 63.3 700
na and Uruguay).. 2970 4700 Fly (in New Guinea) 64.4 620
Orinoce «..vveinenn. 1 000 2740 Fortescue __________ 55.0 670
Sao Francisco ...... 600 2800 Ciutha (in New Zea-
Parnaiba  .......... 325 1450 land) ............ 220 338
Tabie 14. Waler reserves in large lakes of the world
Number of lakes with a
water suri‘ace! area Watler reserves (km?)
Continent km T(cig;l k&::lg)a
Total Investigated Fresh water Salt water
Europe ................ 34 30 4304 2027 78 000
Asia .. e 43 24 209.9 27782 3165
Afriea . ............... 21 15 [196.8 30000 —
North America ........ 30 20 3929 25623 19
South America ........ 6 2 27.8 913 2
Australia and New
Zealand ............ 1 1 41.7 154 174
Total ....ovunnn- 145 92 1300 86 500 81 360
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Table 7. Basic morphometric data on larger lakest!)

Lake Country Area (km?) Max(.ntl'])epth V&':g;e
Europe
Caspian Sea* USSR, Iran .......... 374000 1025 78 200
Ladoga USSR ciiivviininnnn, 17 700 230 908
Onega h o edeieseseeaniiiras 9630 127 205
Vinern Sweden ................ 5550 100 180
Chudskoye with Pskov- USS.R. .............. 33550 15 25
skoe

Vittern Sweden' ................ 1960 119 72
Sajmaa Finland .............. 1 800 58 36
Beloye USSR, ...iinna 1 290 20 5.2
Vygozero ts eeeserereraniinenn 1 140 18 7.1
Malaren Sweden 1140 64 10
Ilmen US.S.R. 1100 10 12
Pédijidnne Finland I 065 93 -_—
Inari . eeerin 1 000 80 28
Imandra USSR 900 67 11
Balaton Hungary .........c.cen 596 12 1.9
Geneva (Leman) Switzerland, France .... 581 ato 90
Constance Germany, Fed. Rep., Swit-

zerland, Austria ...... 538 252 48
Hjalmaren Sweden ...............0 484 22 —
Storsjon B et ieaaeaaes 464 74 8.0
Kubena USSR ....ooiiae 407 13 1.7
Lough-Neagh N. Ireland ............ 396 31 ——
Garda Maly .....oovviiiiinnn, 370 346 50
Mjosa Norway ..ovveennnnnn. 363 434 56
Scutari Albania, Yugoslavia 362 10 2.2
Ohrid " o eesarann 350 256 61
Sniardwy Poland ................ 331 47 2.8
Tornetrask Sweden ................ 330 168 17
Neusiedler See Austria, Hungary ...... 323 2 —
Prespansko Greece, Albania, Yugosla-

via ....... 288 54 4.0
Neuchéatel Switzerland 216 152 -
Maggiore italy, Switzerland ...... 214 372 —
Femunden Norway .....vovnnenen. 202 131 6.0
Como Italy ......covviiian. 146 410 —

Asia

Aral Sea* USSR, ...t 64 100 68 1020
Baikal W e reeeeiiieees 31 500 1741 23 000
Balkhash* B eerenenetnaranas 18 200 26 112
Tonlé Sap Cambodia .............. 10 000 12 40
Issyk-Kul USSR, ... 6200 702 1730
Tung Ting China ................ 6000 & 10 —
Rezaiyeh (Urmia)®* Iran  coviiiiiienenann,. 5 800 16 45
Zaisan USSR ...l 5510 8.5 53
Taimyr W seesseaeiiiraaiees 4 560 26 13
Koko Nor* China ................ 4220 38 —
Khanka UUS.S.R., China ........ 4 190 10.6 18.5
Van* Turkey ...eooiiooil... 3 760 145 -
Lop Nor* China ................ 3500 5 (5}
Ubsa Nor* Mongolia .............. 3350 — —
Poyang China ............. ... 2700 20 —
Alakol* USSR ....coociiiits 2 650 54 58.6
Khubsugul Mongolia .............. 2620 270 480
Chany* U.S.S.R. 2500 10 43
Tuz* Turkey 2500 — —
Nam Tso* China 2 460 — —
Tai Hu China 2210 — —
Kara-Ussu-Nor Mongolia .............. 1760 —_ —
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Table 7 (contd.)

Lake Country Area (km?) M"" ,:)epth V?;!‘,:,E“f
Asia (contd.)
Tengiz* USSR ...l 1 550 8 —
Ebi Nor China ................ 1420 — —
Kirgiz Nar Mongolia .............. 1480 — —
Sevan USSR, ... ... 1230 86 38
Dalai Nor China ................ 1100 — —_
Uliungur China ...........c.... 1 000 — —
Dead Sea* Israel, Jordan .......... 940 400 188
Seletyteniz USSR ... 777 3.2 1.5
Sasykkol* b eeeee et 736 — —
Pyasina B et e 735 10 —
Kulunda* o eeesrreeiiaeeans 728 49 -—
Biwa Japanm ......... ... ... 688 103 275
Gandhi India .............. e 663 64 39.2
Karnaphuli Bangladesh, India ...... 656 33 13.8
Buir Nor Mongolia .............. 610 11 —
Markakol USSR, ... ..., 449 30 —_
Ubinsk B e 440 3 —_
Karakul B e 380 238 —
Tungabhadra Indjia ............... ... 378 47 12.4
Phumiphol Thailand .............. 300 123 29.7
Kronotskoye USSR ...l 245 128 -
Teletskoye B eaerrararanaeeaaas 223 325 40
Africa
Victoria Tanzania, Kenya, Uganda 69000 92 2700
Tanganyika Tanzania, Zaire, Zambia,
Rwanda, Burundi 32900 1435 18 9500
Nyasa Maiawi, Maozambique,
Tanzania ............ 30900 706 7725
Chad Chad, Niger, Nigeria .... 16 600 4 ~12 444
Rudolf Kenya ................ 8 660 73 —
Albert Uganda, Zaire ........ 5300 57 64.0
Mweru Zambia, Zaitre .......... 5100 15 320
Bangweulu Zambia ................ 4920 ) 5 5.00
Rukwa Tanzania .............. 4 500 - -
Tana Ethiopia .............. 3150 14 28.0
Edward Zaire, Uganda ........ 2500 13 78.2
Kivu Zaire, Rwanda ........ 2370 496 569
Leopold 11 ZaAITe i 2325 6 —
Katnit Nigeria ............ ... 1270 60 14.0
Abaya Ethiopia .............. 1160 13 820
Shirwa Malawi ................ 1 040 2.6 45.0
Tumba Zalre ......cciciiiiinn 765 - —_
Faguibini Mali ............. ... 620 14 372
Gabel Auliya Sudan ................ 600 12 —
Chamo Ethiopia .............. 551 127 —
Upemba Zaire .......... e 530 35 0.90
Zwai Ethiopia .............. 434 7 1.10
Shala e, 409 266 37.0
Lzngana i eeremerieieeiaaas 230 46.2 3.82
Guiers Senegal .............. 213 7 0.64
Hora Abijata Ethiopia .............. 205 14.2 1.56
Naivasha Kenya ..............., 140 — —
Awasa Ethiopia .............. 130 21 1.34
North America
Superior Canada, US.A. ........ 82 680 406 11600
Huron “ b eeaeeseene- 59 800 229 3580
Michigan USA . i 58 100 281 4 680
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Table 7 (contd.)

Lake Country Area (km?) Max('n:ifﬂh vﬁlumr;;E
North America (conid.)
Great Bear Canada .......c..cvvieue 30 200 137 1010
Great Slave b eeerieeeaeieaeans 27 200 [56 1070
Erie Canada, USA. ........ 25 700 64 545
Winnipeg Canada .......c..vvunnn 24 600 19 127
Ontario Canada, USA. ........ 19 800 236 1710
Nicaragua Nicaragua ...... e 8430 70 108
Athabasea Canada .......cconnenes 7900 60 110
Reindeer b eeeeeeesecaieeeiee 6 300 — —
Winnipegosis o eeeiareeessairaran 3470 12 16
Nipigon o eeerssaraeiiaanena 4 800 162 —
Manitoba Wt eeeeeaaaeiiaa 4720 28 17
Great Salt* USA ..., 4 660 14 19
Lake ot the Woods Canada, U.S.A, ........ 4410 21 —
Dubawnt Canada ................ 4160 — -—
Mistassini e ieee i 2190 120 —
Managua Nicaragua ... 1490 80 —
Saint Clair Canada ......cov0vvuunn 1 200 7.2 5.3
Lesser Slave b emreareeaiaerans 1190 3 —
Chapala Mexico ...vvennniiiaas 1 080 10 10.2
Winnebago USA ....oea §18 6 4.1
Marion M e e, 465 — 28
Winnipesaukee i e reesiaaeeianans 181 55 3.8
South America
Maracaibo Venezuela ............ 13 300 35 —_
Titicaca Peru, Bolivia .......... 8110 230 710
Poopé* Balivia .........ovnnes 2 530 3 2
Buenos Aires Chile, Argentina ...... 2 400 — —
Lago Argentino Argentina .......... e 1400 300 -
Valencia Venezuela ............ 350 — —
Australia
Eyre* 15000 (max.}) 20 —
Amadeus* 8 000 —_ —_
Torrens* 5 800 —_ —_
Gaijrdner* 4780 — —
George 145 3 03
New Zealand

Taupo 611 159 —_
Te Anau 352 276 _
Wakatipu 293 378 —
Wanaka 194 — —
Manapouri 130 — —_
Hawea 119 — —

" The asferisk (*) next to the name of a water body indicates that it is a salt lake.
@ At low levels, 3,000 km?, at high levels, 30,000 km2,
3 At low levels, 4,000 km?, at high levels, 12,000 km?.
™ Al low levels, 7,000—10,000 km?, at high levels, 18,000—22,000 km?.
! At low levels, 4,000 km?, at high levels, 15,000 km2
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Table 8. Larger reservoirs of the world

Volume {(km?)

Reservoir Country River, Lake ot E :'v:;_z.:
Total Useable 2 5 w ;E é
A% £ | 2E&s
Europe
Kuibyshev US.SR. Volga .......... 58.0 34.6 6450 25 1957
Volgograd USSR, Volga .......... 33.5 8.65 3500 27 1962
Kanevsk US.S.R. Dnepr .......... 28.1 6.00 — 15 1963
Rybinsk USSR Volga .......... 25.4 16.6 4550 18 1947
Tsimlyansk USSR, Don ............ 238 11.5 2320 27 1954
Kakhovka USSR, Dnepr .......... 18.2 6.80 2160 16 1956
Upper Svir USSR, Svir .....oo..... — 17.5 9700 17 1952
Cheboksary USSR, Velga .......... 14.2 5.70 2295 19 U.C.
Kremenchug USSR. Dnepr .......... 13.5 9.07 2250 17 £960
Kuma US.S.R, Kuma Kovda 13.3 8.68 1910 38 1962
Lower Kama UL.S.S.R, Kama .......... 13.0 4.40 2850 19 1970
Saratov USSR Volga .......... 12.9 1,76 1950 15 1970
Upper Tuloma USSR. Tuloma ........ 115 3.86 745 62 1965
Imandrovsk USSR, Niva ............ 11.2 2.80 876 — 1953
Kama (Perm) USSR, Kama .......... 10.7 9.20 1570 2I 1957
Votkinsk U.S.S.R. Kama .......... 9.36 3.70 1130 23 1963
Gorki US.SR. Volga .......... 8.70 2.80 1500 17 1957
Tainionkoski Finland Vucksa . 7.20 — —_ 8 1949
Vygozero U.S.S.R. Lower Vyg. ...... 7.10 1.14 1159 — 1933
Sheksna U.S.S.R. Sheksna ........ 6.5! 1.85 1670 — 1968
Randsfjord Norway Etna ............ 5.97 — 136 — —
King Paul
(Kremasta) Greece Achelous ........ 4.70 3.30 Bl 136 1966
Asia
Bratsk U.S.S.R. Angara ........ 169 482 5500 106 1966
Pa Mong Laos Mekong ........ 107 400 — 115 u.C.
Krasnoyarsk U.S.8.R. VYenisei ........ 73.3 30.4 2000 100 1970
Zeya USSR Zeya ............ 68.4 32.1 2420 90 u.C.
Sansia China Yangtze ........ 67.8 — — 154 —_—
Badi Tartar Iraq Tigris .......... 67.0 — 2000 — 1956
Sanmensia China Hwang Ho ...... 65.0 35.0 3500 80 1962
Sanmen China Yangtize ........ 64.1 — — 100 u.C.
Ust Ilimsk U.S.S.R. Angara .......... 59.4 28 1870 &8 u.C
Bukhtarminsk  U.S.S.R. Irtysh, Lake
aisan ........ 53.0 31.0 5500 67 1967
Irkutsk U.S.5.R. Angara, Lake
Baikal ........ 48,5%* 46.4 32970 3 1959
Dantsianhow China Hanshui ........ 51.6 38.5 1020 130* 1962
Vainganga India Hanshui ........ 40.7 — — — —
abka Syria Euphrates ...... 40.0 11.0 830 60 u.cC
Kalabagh Pakistan Indus .......... 36.6 — — — —
Vilyuisk USSR, Vilyui .......... 359 14.3 2180 68 1968
Keban Turkey  Euphrates ...... 30.5 22.0 750 160 1971
Sayan USSR, Yenisei ....... e 291 147 583 220 u.C.
Kapchagai USSR Ili .............. 281 6.60 1850 40 1970
Toktogul U.SSR. Naryn .......... 19.5 14.0 265 180 U.C.
Tsintian China Autsian ........ 195 — —  135* 1961
Sinantsian China Sinantsian ...... 17.8 8.8 580 106* 1964
Mangla India,
Pakistan Jhelum ........ 16.7 — 256 116* 1973
Mingechaura USSR, Kura ... ........ 16.1 7.50 525 62 1954
Tarbela Pakistan Indus .......... 13.6 6.00 260 148* U.C.
Kolyma U.S.S.R, Kolyma ........ 13.0 4,40 — — ucC
Phumiphol
(Yanhi) Thailand Pong Chao Praiya (2. — —  I52* 1964
Suifun Korea Yalu ..o.viinnnn 6 7.50 i80 107* 1966
Nagarjuna
Sagar India Kistpa .......... 115 5.45 285 123* 1966
Sinfintsian China Duntsian ........ 115 0.39 390 102* uU.C.
Khaishansia China Hwang Ho ...... 1.4 — 10t 140" uU.C
Rikhand India Rikhand ........ 106 8.97 466 91* u.c.
Nureka USSR Vaksh .......... 10.5 4.50 400 275 U.C.
Bhakra Nangal India Suflej .......... 9.87 7.77 226 168 1967
Finman China Sungari  ........ 9.70 5.60 487 92* 1956
Lunyantsia China Hwang Ho ...... 9.00 — — 176* 1963
Novosibirsk USSR, 0Ob ............ 8.85 4.40 1070 20 1959
Srisailem India Krishna ........ 8.75 4.25 700 122¢ 1971

** The volunme of the lake up to the level of the backwater has not been calculated.
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Table 8 (contd.)

Volume (km?¥) -
- 22
Reservoir Country River, Lake 35 E g; 2
Total Useable L = =5 §
3@ ] LR
e T =23
Asia {contd.)
Ukai India Tapti  .......... 8.51 7.10 — 69 1971
Gandhisagar India Chambal ........ 8.45 7.68 663 G4* 1962
Huanshen China Huantsian ...... 8.30 5.90 435 102* 1958
Bias India Bias coievviaiinn 8.14 6.90 — 134* U.C.
Hirakud india Mahanadi ...... 8.10 5.80 637 66* 1959
Dokan Iraq Little Zab ........ 6.80 5.40 270 117 1961
Hirfaniar Turkey Kyzyl Irmak...... 6.00 2.00 277 81* 1960
Chardarinsk US.S.R. Syr Darya ...... 570 4,70 €00 25 1966
Liudziasia China Hwang Ho ...... 5.70 4.10 130 146* 1961
Giumiusha U.S.S.R, Razdan ........ 5.60 4,10 — 297 1953
Africa
Owen Falls Tanza-  Victoria River
nia, Nile, Lake Vic-
Kenya, toria .......... 205"+ 68.0 69000 22 1968
Uganda
Murchison Falis Tanza- Lake Albert, Nile 195 —_ 5300 — U.C.
nia,
Kenya,
Uganda
Kariba Zambia, Zambezi ........ 160 46.0 4450 100 1963
Southern
Rhodesia
Nasser Egypt,
Sudan Nile .....cvvonn. 157 74.0 5120 95 1971
Volta Ghana Volta .......... 148 90.0 8480 70 1967
Cabora Bassa Mozam-
bique Zambezi ........ 66.4 51.7 2700 100 u.C.
Roseires Sudan  Blue Nile ........ 36.3 -— 290 70* 1966
Sunda Congo  Niari .......... 35.0 33.0 1600 100 1961
Kossu Ivory
Coast Bandama Blanc .. 30.0 259 1740 60 [SX o)
Kainji Nigeria Niger .......... 15.1 11.5 1240 66* 1971
Suapiti Guinea Conkoure ...... 11.0 — — 118* —
Hendrik Ver- South
woerd Africa Orange .......... 5.67 1.62 372 87* 1971
North America
Daniel Johnson Canada Manicouagan Ri-
(Manicoua- ver and Lake;
gan-5) Mushalagan Lake 142 360 1940 195 1968
Gordon Croome Canada Peace River ....108 370 1660 165 1968
{Bennet)
Kanuti USA  Yukon ...ccee... 46 —_ —_ 58 —
Lake Mead US.A.  Colorado ........ 375 34.0 637 159 1938
(Hoover)
Winar Grue Canada Peace River 370 37.0 — 2300 1952
Nechako-Kemalo Canada Nechako ........ 350 248 860 783 1966
Lake Powell US.A, Colorado ........ M5 311 664 200 1966
{Glen Canyon)
Churchill Falls Canada Churehill, Lake
Michikamo and
others ........ 3L1 28.0 6650 33 1968
Ontario Canada Si. Lawrence, )
(Iroquois) Laxe Ontario .... 300 300 19470 2! 1959

** The volume of the lake up to the level of the backwater has not been calculated.
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Table 8 (contd.)

Volume (km?) =
. £3
Reservoir Country River, Lake 85 E §;; e
ﬂ~ h_g "6
Total Useable \-5 E E E § E
7 ) o U
North America (contd.}
Garrison Dam U.S.A. Missouri ........ 30.6 24.5 1560 46 1954
{Lake Saka-
jawea)
Oahe U.S.A. Missouri ....... -« 29.1 222 1500 61 1963
Fort Peck U.S.A. Missouri ........ 24.8 21.1 1000 62 1943
Mica {Mica Canada Columbia ...... 24.4 148 — 183 U.C.
Creek)
Baie de I'Estu- Canada Salmon Grey .... — — 15.5 183 1969
aire
Netsaualcoitl Mexico  Grijalva ........ 13.0 — 238 100 1964
{Presa de Mal-
paso)
Lake Portage = Canada Lake Nipigon .... 124 — 4960 32 1954
Infiernillo Mexico Balsas .......... 12.0 9.75 400 10) 1966
Franklin U.S.A. Columbia ......., 1.7 6.44 321 107 1942
Roosevelt (Grand.
Coulec)
Bersimis I Canada Bersimis ........ 11.7 474 — 267 1958
Sardis US.A. Little Takahechi.. 11.7 — 230 — 1940
Grand Rapids Canada  Saskatchewan .. 11.0 8.00 4100 39 1968
Gardner Canada South Saskatche-
L.'2: 1 10.0 — — 47 1969
Marniconagan-3 Canada Manicouagan .... 100 0.7 — 95 u.C
Rapid Ile Canada Otftawa ........ 9.83 _ — 27 1967
Gouin (La Canada St Maurice .... — 8.00 1295 — —_
Lioutre)
Arrow Lake Canada Arrow Columbia.. 876 7.80 — — —
Miguel Aleman Mexico  Papaloapan ...... 8,00 —_ — —_ 1935
Lake of the U.S.A. Winnipeg ........ 7.60 7.60 3820 — 1905
Woods
Fort Randatl U.S.A. Missouri ........ 7.60 5.80 415 40 1956
Woli Creek U.S.A, Lake Cumberland 7.50 2.65 257 49 1955
Kentucky USA, Tennessee ...... 740 495 650 15 1945
Lake Texoma USA Red River ...... 7.24 2.20 370 3t 1945
(Denison)
Amistad Mexico  Rio Bravo del Nor-
te ...l 7.03 5.89 — 80 1968
Boundary U.S.A. Pend Oreille .... 8680 0.12 — 76 1967
Bull Shoals US.A. White .......... 6.65 5.60 200 73 1953
Lake Shasta U.S.A. Sacramento .... B5.55 5.37 120 146 1948
Shipshaw 2 Canada Peribonca ...... 5.50 — - 63 1943
Sam Rayburn US.A.  Angelica ........ 5.50 — 296 u.C.
(MacGee Bend)
Ile Maline Canada Saguenay ...... 5.30 — —_ 51 1937
Chutes des Pas- Canada Periboneo . ..... 5.20 —_ -— 163 1960
ses
Lake Okeechobee U.5.A. Lake Okeechabee 5.16 1.00 1820 — 1958
Falcon Mexico Rio Grande (Bra-
vo del Norte) .... 5.04 — — —_— 1953
South America
El Manteco Venezu- Caroni .......... 111 55.0 — 136 1968
{Guri). cla
Cerros Argen- Neuquén ........ 43.5 560 620 79 U.C.
Colorados tina
Ilha Solteiri Brazil Parana .......... 21.2 129 1230 43 1965

Furnas Brazi Grande .......... 21.0 18.7 1600 95 1965
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Table 8 (conid.}

Volume {km") =
Reservoir Country River, Lake ‘i’—E‘ E g;:.
Total Useable % z 9 ;‘?‘_r, e::
&5 = £&n
South America (contd.)
Tres Marias Brazil Sdo Francisco .. 21.0 18.0 13350 55 1965
El Chocon Argen- Limay-Rio Negro 200 2.35 825 62 u.C
tina
Silto Grande Uruguay Uroguay ........ 20.0 — — 33 -
Van Blanstein  Surinam  Surinam ........ 12.4 — 1500 — u.C.
Rincon del bo-  Uruguay Rio Negro ...... 11.00 6.60 1400 32 1946
nete
Boa Esperanza Brazil Parnaiba _....... 5.00 4,00 —_— 35 -
Australia and Oceania
Ord Australia Ord ............ 19.0 5.67 720 100* 1972
Main Gordon Australia Gordon ........ 1.8 — 167 142* U.C.
Eucumbene Australia Eucumbene ... ... 6.90 4.30 — 119* 1958

Note. Figures with an asterisk (*) indicate the height of the dam U.C. indicates
untder consiruction.

The United States has over 1,560 reservoirs, with a useful capacity
of about 450 km® and a water-surface area equal to 60,000 km? [6, 27}.

Asia, Africa and Australia have about 3,700 reservoirs, the larger of
which_are situated in the U.S.S.R., Egypt, Ghana, China, Rhodesia and
Iraq. Details of large reservoirs of the world, which fulfil various needs
(hydro-power, water supply, irrigation, navigation) and the fuil volume
of which exceeds 5 km?, were listed by continents in Table 8 [1to3, 6to
10, 19, 21, 23, 25, 27, 28, 30].

Table }6. Basic informalion on the reservoirs of the world in 1972

Reservoirs with a Ratto of
volume >5 km? Total annual volume of
run-off of resle‘:l'vmt.';lrotfo
. _ ) e
Continent Total Total Usleful {}1::;‘}3 rlvoer ruti-of f
number "(oklr‘:l"s"l'a ng:lrg;e %)
............ 25 422 170 3210 13.1
Auipe e 18 1350 493 14 410 9.4
ATEICE oo e 12 1240 432 4570 27.1
North AMeErica ............. ) 45 950 210 § 200 116
South America .............- 10 286 123 11760 i?é
Australia & Oceania .......... 3 38 10 2390 .
Total ...ovveennts 143 4 286 1438 44 540 9.6

The total capacity of the 10,000 reservoirs of the world now in opera-
tion, or under cgnstriction, amounts to about 5,000 km® and the useful
capacity to about 2,000 km?. The total water-surface area of the reservoirs
is approximately 400,000 km2, and, taking into account the lakes included
in the backwater, the area amounts to 600,000 km": [1, 2]. Mgst of the wa-
ter reserves are concentrated in the larger reservoirs, each with a capacity

b ing 5 km® (Table 16).
e‘mm?l'dhe gtotal ca&:acity of)reservoirs controls approximately 14% of total
annual river run-off while the useful capacity controls about 7%.
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Table 12. Natural amounts of ground water in the upper part of the earth’
crust, by hydrogeological zones

-1

L3 [ =
oS E = =% ]
YR 23z | Zome | Thickness| 7 viex | EE o
Continent AwE @82 |elassifica- | of zone == EEcE “3.E
35; £fg tion {m) 88 Sgs; -2y
232 | £33 nE | SEx2 | B2
Europe .......... 10.5 300 1st 100 15 0.2
2nd 200 12 0.3
3rd 2000 5 1.1 1.6
Asia ......i00-.. 43.5 950 1st 200 15 1.3
2nd 400 12 2.1
3rd 2000 5 4.4 78
Africa  .......0u0 30.1 650 st 200 15 1.0
2nd 400 12 1.5
3rd 2000 5 3.0 5.5
North America .... 242 700 Ist 200 15 0.7
2nd 400 12 1.2
3rd 2000 5 2.4 43
South America .... 17.8 580 st 100 15 03
2nd 400 12 0.9
3rd 2000 5 1.8 3.0
Australia and
Oceania ........ 39 350 1st 100 15 0.1
2nd 200 12 0.2
3rd 2000 5 0.9 1.2
Total 234

Table 13. Natural ground-water resources
renewed annually, by continents

@ T
5 £ 5.0
[} - a2
Continent . .3'5 2 ?Eg
w oS =Tz =]
2Ze~ §%.% E8r
ErcE oedg °cg
<5 i CENE] S2¢
Europe .......... 3210 35 1120
Asia ............ 14 410 26 3750
Africa  .......... 4 570 35 1 600
Neorth America .. 7 4501} 29 2160
South America .. 11760 35 4120
Australia ........ 2390 24 575
Total ...... 43 7950 30 13 320

% Excluding polar regions.

The average proportion of ground water in the river run-off of the
world is close to 30%. It follows that the total quantity of annually re-
charged ground water in the active and relatively active zones of water
exchange amounts to about 13,000 km?® per year.
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Table 15I. Water reserves in surface ice

Territory Area of ice (km?) | Water reserves (km?)
Antarctica ... i e 13 980 000 21 600 000
Greenland ..ottt i s 1 802 400 2 340 000
Arctic i8la0ds oo vnerret it it 226 (090 &3 500
Franz Josef Land .......ccveveiiniiarncineans 13735 2530
Novaya Zemlya ...oovvvivivvnnnienraaoiiann- 24 420 9 200
Severnaya Zemlya ....ovvinniiiiiiiiiaat 17470 4 620
Spitsbergen (Western) ........... ...l 21 240 18 690
Small islands ...vvvnvenaior i e 400 60
Canadian Arctic archipelago 148 825 48 400
EUMOPE cveevriinem o 21415 4 090
Teeland ooovniint e i e 11785 3000
Scandinavia .. ... ... i 5000 645
AlPS e e 3200 350
CAUCASUS v evirerrrveernnnsrarvaaraeaonaeenss 1430 95
- S 7 TR 109085 15630
Pamir Alal ... . i e Il 265 1725
Tien Shan ... cviiiiiiiiaiiinrnenseesnnnnsnns 7115 735
Dzungarian Alatau, Altai, Sayan Mountains .... 1 635 140
Eastern Siberia ..v.ovevevecivenicnisiianacias 400 30
Kamchatka, Koryak Range ................ ... 1510 80
Hindu Kush . ovvevniiiii et iiaeaenann 6200 93¢
Karakoram Range ........ccovevniiiirnnniine.. 15 670 2180
Himalayas .. ...ovniiiiiiiiiriiinenaiinenann.. 33 150 4990
3 S 32150 4 820
NOTth AMEeriCaA oot ie e i cee i ciiinaeaass 67 522 14 062
Alaska {Pacific Coast) ... ...... .. ..o 52 000 12 200
Inland Alaska ....ooeiiiini i e 15 000 1 800
S A, i e e 510 60
MeEXICO tini i i e e e 12 2
South America
Venezuela, Colombia, Andes of Ecuador, Andes of
Peru, Andes of Chile and Argentina, Tierra del
FUBZO o vitr it eeas 7 100 2700
Andes of Patagonia ........... ..ot 17 900 4050
Africa (Kenya, Kilimanjaro, Ruwenzori mountains) 225 3
New Zealand ..........cuieriimmiiniannnaas 1 000 100
New GUINEa +..viriinieierinesanansrrarsansensse 14.5 7
Total ........ 16 227 500 24 064 100

Table 9. World water reserves

Share of world reserves (%)

Area covered Volume Depth of
thm?) {km®)

Form of water run-off of fotai of reserves
(m) water reser. of fresh
ves water
World ocean .........-.. J6L 300000 1338000000 3700 96.5 —_
Ground water
{gravitational and ca-
pillary)  ............ (34800000 23400000 174 1.7 _
Predominantly fresh
ground water ........ 134 8OO 000 10 530 000 78 0.76 30.1
Soil moisture .......... 82 000 000 16 500 0.2 0.001 0.05
Glaciers and
permanent snow cover: 16 227 500 24064 100 1463 1.74 68.7
Antarctica ............ 13 980 000 21 600 000 1 546 1.56 61.7
Greenland ............ 1 802 400 2340000 1298 0.17 6.68
Arctic islands ........ 226 100 83 500 369 (.006 0.24
Mountainous areas .... 224 000 40 600 181 4.003 0.12
Ground ice in zones
of permafrost strata 21 000 000 300 000 14 0.022 .86
Water resecrves in
Jakes ......... 0.0l 2 058 700 176 400 85.7 0.013 —
Fresh water .......... 1236 400 94 000 7386 0.007 0.26
Salt water ............ 822 300 85 400 103.8 0.006 —
Marsh water .......... 2 682 600 11470 4.28 0.0008 0.03
Water in rivers ........ 148 800 000 2120 0.014 0.0002 0.006
Biological water ........ 510 000 000 1120 0.002 0.0001 0.003
Atmospheric water ...... 310 000 000 12 900 0.025 0.001 0.04
Total water reserves .... 510000000 1385984610 2718 100 —
Fresh water ............ 148 800 000 35029210 235 2.53 100

™ Not taking into account ground-water reserves in Antarctica, broadly estimated
at 2 million km? (including about [ million km® of predominantly fresh water).
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APPENDIX VII

Appendices with data on saline lakes in the world

Hammer 1986
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Appendix A Climatic data for centres representative of dry climates.

Locality Latitude Longitude  Altitude Temperature (°C) Precipi- Annual Annual Annual
(ASL., m) tation potential sunshine radiation
Mcin Mcan (mm) evaporation (h) (kcal m-2)
daily monthly (mm)
range
Africa
Biskra, Algeria 345N SE 122 218 333112 148 2592 3468 160*
Faya Largeau, Chad 18700 N 19" 10 B 233 28.0 34.2-20.6 ¢ 504 S000* 38007 210*
Addis Ababa, Ethiopia 902" N ANV E 2450 1256 1861 2336 170*
Nairobi, Kenya 01" 18§ o458 E 1798 1066 1502 2503 160*
Kimberley, S.A. 2R8°4R8'S RENRTON B 1197 431 2968 3468 184.7
Cairo, Egypt J0°08' N NAE 93 20.8 27.7-123 3613 3504 190*
Salisbury, Zimbabwc [7°50°S e (470 8.6 214-13.8 868 2040 2884 188.7
Asia
China

Beijing 39°ST'N 16" 19" 52 12.1 —-4.7-26.1 623 2705 92§ -

Urumchi 43°47°'N 87°37T'E 913 5.3 - 15.8-23.9 276 2607 - -

Xining 36°38'N 101°SS'E 2244 6.9 - 6.4-18.3 377 2619 700 -
India

Jodpur 26°I8'N TN'E 224 26.7 17.1-34.5 380.1 3322 2847 -

Sprinigar 305N T4S0'E 1586 13.3 1.1-23.9 564 2190 - -
Iran

Shiraz 29°36'N 52°'E 1491 16.6 5.8-27.5 350.3 - - -

Tabriz 38°08'N 46°18'E 1362 12.7 1.2-26.1 296.2 - - -
Jordan, Wadi Husban 31°49'N 35°39E — 18§ 235 14.5-30.9  150-250 - - -
Turkey, Ankara 39°57'N 32°53'E 902 1.7 —-2.7-19.7 3585 - - -
US.S.R.

Balkhash 46°54'N 75°00" E 423 5.1 - 15.6-23.9 115 - 800 -

Minusinsk 53°42’N 91°42'E 251 -1 -20.3-19.7 316 1716 400 -

Turgay 49°38'N 63°30'E 123 4.2 -17.2-242 177 2491 700 -
Antarctica
McMurdo 77°35'S 1ot 44 E 3 -17.4 “3dw0 2 - - -

-

Australia 278
X,’,ﬁugérm “,; - :i;’ S MPIE s 17.4 0.1-244 264 1511 3000° -

‘ : a8, N T, 237388 132°35'FE 579 20.6 11.6-28.1 232 2388 3408 190.5
Cloneurry. Qld. 20°43'S 0P30°E 193 255 17.8-31.3 429 2743 _ -
kalal;l:::,\rl;:]\i.:s IS WrwE o .2 90-13.2 740 800 240 ]
b Auw-{ﬂ <\ :th)s mosalfé B 14.8 9.6-199 S0 1000 2035 129.6
Merridin W ;\ A .3-0;9'5 137045“ l Rk l‘).(—) 11.8-254 236 2507 Jooo®
Ach'mdr"l N L : 10;9'5 H:‘i0 I8 [ 319 17.5 10.1-25.1 320 219 30007

SN L 45°15'S 169°24' 158 1.7 9.1-12.8 338 676 2081
North America
Canada,

:::::?::fes ﬁtzz. :;)" ;;} r; l1‘1 2: ;tx w28 5.4 =8.2-189 439 2384 910 -
United States R 16°38' W 157 2.0 —17.6-19.3 352 2381 710 -

;:‘;P'ﬁg Catif. :3:{4 N llj: 0" w 4 17.2 13.0-21.5 264 3200 1200 -

Bismarck. N_Da :‘(O:‘()l N 11 Iﬂ 4'.1’ w 1342 21.2 16.3-26.5 180 3000 1100 -

Salt Lake City. U "I6'N l"“o W s 54 - 128223385 2750 850 133.96

ake City, Utah 4P 46'N 1H1°48' W 1286 10.7 —-21-24.7 354 3000 1000 149,29

Walla Walla, Wash, 46°02'N IR 20" W 289 12.3 0.7-24.4 395 2700 1000
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Locality Latitude Longitude — Altitude Temperature { €) Precipi- Annual Annual Annual
(ASL. m) tation potential sunshine radiation
Mcan Mcun (mm) evaporation (h) (kcal m ?)
daily monthly (mm)
range
South America
Argentina
Cordoba 31248 04 11'W 425 17.4 10.6-24.2 680 1287 2701
LaPampa 37°08'S 63 41'W 142 15.2 7.4-23.7 608 1522 26635
Sarmicento 457358 09 08" W 266 10.8 39-17.3 183 - 2336
Brazil
Quixcramobim 5412’8 397 I8 W 108 27.5 26.2-28.8 763 1513 2800
Bolivia
La Paz 16°3S 6808 W 3642 18 16-19 488 1480*
Chile
Iquique Ar22'S T W 9 17.9 15.4-20.9 2.1
Europe
UI.S.S.R.
Astrakhan 46°16'N 48°02'E 18 9.3 —-6.9-25.1 190 900 2441 1
Hungary
Szeged 46°15'N A°09'E 79 11.5 - 1.4-23.0 558 573 2102
Spain
Madrid 40°25'N FI'E 667 13.9 4.9-24.2 435 1059 2824 110.6

Appendix B World saline lakes: their location, altitude. morphometry and origin
surface area: z,, = maximum depth; Z = mean depth).

. # (ASL = above sea level; S=

Lake Lat Long ASL S z, z v Origin

(m) (km?) (m) (m)  (x10°mY)
Africa
Chad
Bodou 13°53'N 14°15'E - 0.75 1.5 - - Interdunal
Rombou 14°05'N 15°13'E - 0.125 1 - - Interdunal
Yoan 19°17"N  20°45'E - - 25 - - Interdunal
Egypt
Hydredrome 3I°30'N 29°40°'E -3.6 5 7 3 18 Dune, reservoir
Mariut 31°0"N 29°5T'E —2.85 84 I.15 1 84 Dune
Qarun 20°30°N  30°41'E —44 200 8.5 4 824  Tectonic. deflation
Ethiopia
Abiata 03°37’N  38°55'E 1573 204.7 14.2 - - Rift fault
Aranguadi 03°54'N  39°0T'E 1900 0.54 2 18.5 10 Maar
Kilotes 03°54'N 39°07'E 2000 0.77 6.4 2.6 2 Maar
Shala 03°26'N  38°51'E 1567 409.4 266 - - Rift fault
Kenya
Bogoria W 15'N  36°07°E 963 33 12 7.0 231 Rift fault
Elmenteita 00°27'S 36°0S'E 1776 18 1.9 1.33 24 Rift fault
Nakuru 00°24'S 36°05'E 1758 12 33 3.58 150  Rift fault
Tanzania
Big Momela 03°13'S 36°5'E L8 0.9 3 - - Volcanic lahar
Manyara 03°35'S 35°50'E 960 413 3.7 - - Fault scarp
Madagascar
Thotry 21°50°S 43°30'E 50 8.6594.2 2538 - - Dunes. tectonic
Malawi
Chilwa 15°30°S 35°30'E 630 1400 5 - - Tectonic
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Appendix B (Continued).

Lake Lat Long ASL S Zn z \"% Origin
(m) (km?) (m) (m) (X 10em?)

South Africa

Blaauwater 1 26°16'S W4'E - 0.4 6 - - Deflation?
Banagher 3 26°23'S 30°1I8'E - 0.2 03 - - Deflation?
Ronde 34°12'S 18°30'E - 1.3 shallow - - Estuary-dune
Zeckoe 34°12'S 18°32'E - 6.0 several - - Estuary-dune

Chad lakes ({ltis 1969, 1971); Hippodrome (Elster & Vollenweider 1961); Mariut (El-Wakeel er al. 1970); Qarun (Naguib
1958): Abiata. Aranguadi. Shala (Barker et al. 1965); Kilotes (Prosser ez al. 1968): Bogoria (Hannington) ( Melack 1981.
Nogrady 1983): Elmenteita, Nakuru, Big Momela. Manyara (Melack & Kilham 1974): Chilwa (Morgan & Kalk 1969): Ihotry
(Mars & Richard-Vindard 1972): Blaauwater, Banagher. Ronde. Zeekoe (Hutchinson et al. 1932): Rocher (Coetzer 1981).

Antarctica
Don Juan 77°34'S 161°10’E 122 0.14 <15 0.11 0.15  Glacial
Frvxell 77°35'S 163°35'E - - 18 10 - Glacial

Don Juan (Meyer et al. 1962, Tedrow & Ugolini 1963): Fryxell (Angino et al. 1962. Torii et al. 1977)
Asia

China

Chen-Chuan 35°65'N  86°58'E 4784 84

Qinghai 36°50'N 100°10'E 3196 4635 28.7 19.2 854500 Tectonic

India

Kar 33°18'N 78°00'E 4527 15.6 2.0 - - Tectonic
Khyagar 33°06'N 78°18'E 4672 6.2 21.2 - - Kettle
Panggong 33°42'N 78°45'E 4241 279.2 51 26.1 7.287  Tectonic, glacial
Sambhar 26°58'N 75°55'E - 190 375 - - Erosion, dunes
Iran

Maharlu 29°26'N 52°48'E 1520 220 0.5 - -

Nargiz-Niriz 29°30'N 53°40'E 1525 1210 1.1 0.5 0.605

Urmia 35°3¢'N H°30'E 1273 4000 16 4.9 19.5

Mongolia

Orog S0°10'N 91°00'E 1425 237.6 2 15 3564

Turkey

Burdur 37°45'N 1II'E 845 180 50 - -

Krater Aci 384T'N 3325'E 950 t 76.5 - - Crater

Tuz 37°42'N 33°07'E 900 1600 2 0.61 976  Deflation playa
Van 33°00'N 42°30'E 1720 3600 550 53 190800 Graben
[.S.S.R.

Balkhash 46°30°N 75°00"'E 342 17575 26.5 6.13 107735  Graben, erosion
Bolshoy Shantropy 187 523 4.6 34 17.78  Glacial

Butash 192 37.7 22 1.6 60.32 Glacial
Issvk-Kul 42°20'N TP E 1609 6206 668 320 1986920 Graben
Karakul 39°00'N 73*30'E 3952 370 240 210 77700 Graben

Chen-Chuan (Wei. pers. comm.): Qinghai (Koko Nor) {Academia Sinica 1979); Kar, Khyagar, Panggong (Hutchinson
19374): Sambhar (Bhagarva & Alaam 1979): Maharlu (Loffler 1961a), Nargiz-Niriz (Loffler 1959a). Urmia (Resaieh) (Greer
1977): Dead (Neev & Emery 1967, Nissenbaum 1975): Orog (Dulma 1979); Burdur (Numann 1960). Krater Aci (Dumont
1981). Tuz (Irion 1973). Van (Gessner 1957, Irion 1963. Langbein 1961): Balkhash (Ergashev 1979, Greer 1977. Hutchinson
1937). Bolshoy Shantropy and Butash (Letanskaya 1980, Drabkova er al. 1978b). Issyk-Kul (Ergashev 1979, Hutchinson
1957). Karakul (Ergashev 1979, Melack 1983).
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Lake Lat Long ASL S Zn b3 Vv Origin

(m) (km?) (m) (m) (X10*mY)
Australia
Eyre (North) 28°35'S 1377 14'E - 15* 8030 6.1 3.99 32000 Subsidence &
Eyre (South) 29°21'S 137°21I'E —-13* 1300 - - - deflation
Eliza 3r12's 139°53'E 38.2 Eustasis-dunes
Robe Ry WAt 13°SR'E 3.28 Eustasis-dunes
Folly 42°07'S 147°23'E - 0.18 0.51 04 0.072
Tunbridge Za 2708’8 147°31'E - 0.03 0.05 0.05 0.0002
Bullenmerrni RS 14304 E 146 4.88 66 39.3 192 Maar
Corangamite R 13'S 143°25°E 116 233 49 29 676  Volcanic, tectonic
Gnotuk 38°09'S 143°03'E 102 2.08 18.5 15.3 32 Maar
Pink 3R01'S 143°33'E 115 0.134 0.7 0.5 0.007 Deflation?
Red Rock R 14'S 143°30'E 164 0.008 2.0 1.4 0.011 Maar
Werowrap 3R°14'S 143°30'E 0.216 1.64 1.35 0.291 Maar
Eganu 30°03'S 116°02'E 0.9 22
Pinjarrega 30°03°S 116°02'E 6.5 1.3

Eliza (Bayly 1970). Eyre (Dulhunty 1977: * lowest point in basin). Robe (Bayly & Williams 1966): Folly. Tunbridge 2a
{Buckney & Tyler 1976); Bullenmerri, Gnotuk (Timms 1976); Corangamite (Williams 1981b): Pink, Red Rock (Hammer
1981); Werowrap (Walker 1973); Eganu. Pinjarrega (Halse 1981). Latitude and longitude estimated by Hammer.

Europe

Spain

Gallocanta APSO'N (2 I1'W 1000 19 25 - ~ Tectonic depression
U.S.S.R.

Ehon 49°09'N 46°38'E —-14.7 152 1.0 0.7 106.6  Fault
Gallocanta (Comin et al. 1983). Elton (Greer 1977).

North America

Canada

Barnes S2P0I'N - 122°27T'W 945 0.17 4.3 2.0 0348 Glacial
Boitano SI°57'N 122°10'' W 975 0.81 4.5 2.7 219 Glacial
Goodenough SIPIT'N 121°38' W 1095 0.15 1.5 0.8 0.127  Glacial
Fleeinghorse S2°19'N HHEFI'W 652 2.64 1.2 Glacial

Big Quill S1°55'N 104°22'' W 519 a7 26 1.5 H9  Glacial
Goose S33T'N 102°30'' W 265 12.67 0.8 0.7 0.089  Glaaal
Humboldt SX09'N 105°06° W 552 17.2 8.0 48 81.9  Glacial river
Little Manitou  51°48'N 105°30' W 495 13.3 5.2 3.6 8.1  Glacial river
Manito 52°43'N 109°43’' W 601 21.5 215 79 627  Glacial, deflation
Patience S207'N 106°20' W SI15 5.62 1.6 1.0* 5.63  Glacial
Redberry 52°43'N 107°09'W S15 S4 18 9.3 506 Glacial
Wakaw S2°40'N 105°35'' W 10.4 14 1.7 48.7  Glacdial river
721 5(P49°'N 100° 25" W* 550* 0.065 3.0 1.6 0.104  Glacial
United States

Borax 3®S9'N 122°40'' W 406 0.4 1.45 Lava dam
Mono 38°00°' N HPI5'W 1979 199.5 51.5 19 3790  Tectonic, volcanic
Owens 36°20'N 118°00' W 271.8 - 7.3 1984.4  Deflation
Salton 33°20°N 115°50'' W -71.6 880 12.5 79 6933.5 Tectonic

S. Panamin 36°05'N 1H714'W 315 50.84 >1 Deflation
Pyramid 4ro0’'N 119°35'W 1157 446.4 103 59 26400  Graben
Walker 38°43’'N HE3'W 1210 150 33 20 3000*  Fault block
Zuni Salt 3P49'N 1H1°56'W 1938 0.604 1.0 0.7 0422 Maar

Devils 48°00' N 98°59' W 433 130 5 3 390 Riverine
Stump 47°52'N 98°22' W 423 13.6 20 Riverine
Abert 42°40'N 120°158' W 1299 165 32 37 611.8  Fault
Summer 42°50'N 120r45' W 1265 77.6 1.5 0.91 70.6  Tectonic
Lenore 47°29'N 119°30' W 5.56 11.0 6.5 36 Riverine
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Lake Lat Long ASL S Z z A\ Origin
(m) (km?) (m) (m) (X 10°m?)
Central America
Dominica
Enriquillo 18°28'N 71°35'W ~48 21 30 6 1330
Dominica-Haiti
Saumadtre 18°34'N T2°2TW 14 70.8 26 13.7 969
South America
Argentina
Pozuelos 22°20°'S 66°00° W 3500 90 >1
Bolivia
Colorada 2100°'S 67°47' W 4278 30 <1 0.2 6
de Pas Pastos Grandes
21°38'S 67748 W 4430 128 - 0.2 25
Kalina 22°32'S 67°11'W 4530 16 - 0.2 32
Chile
de Agua Calientes III
23°0°'S 68°38' W 3670 14 - 0.2 28
de Pujsa 23°12'S 67°34'W 4525 15 - 0.1 1.5
Peru
Parinacochas 15°17'S 732'W 3272 67 >1
Poopo 18°30'S 67° 3 W 3694 2530 5 0.69 1742 Tectonic, volcanic
Salinas 14°59'S Hro7w 3840 9.7 <1 - - Volcanic

Barnes. Boitano. Goodenough (Topping & Scudder 1977): Fleeinghorse (Daborn 1975): Big Quill, Humboldt, Little Manitou.
Manito. Redberry. Wakaw., (Hammer & Haynes 1978). Goose (Rover 1966), Patience (Hammer & Parker 1984); 721 (Sunde &
Barica 1975): Borax (Wetzel 1965). Mono (Mason 1967). Owens (Greer 1977). Salton (Amal 1961, Carpelan 1958), South
Panamint (Kubly 1982): Pyramid (Galat e al. 1981). Walker (Koch et al. 1977); Zuni Salt Lake (Bradbury 1971); Abert, Harney,
Summer (Phillips & van Denburgh 1971. Langbein 1961): Devils ( Young 1924, Anderson 1966), Stump (Swenson & Colby 1955):
Lenore {Anderson 1958b): Enriquilio. Saumatre (Bond 1935): Pozuelos (Hurlbert 1978); Laguna Colorada, Salar de Pas Pastos
Grandes. Laguna Kalina. Salar de Aguas Calientes I (Hurlbert & Chang 1983): Salar de Pujsa (Hurlbert & Chang 1984):
Parinacochas. Salinas (Hurlbért er ¢l. MS): Poopo (Loffler 1961c, Serruya & Pollinger 1983). Latitudes and longitudes and

elevations if not given by original authors have been estimated.

Table 4.2.

* estimate. # Data for most meromictic saline lakes is given in
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Appendix C Water chemistry of representative saline lakes. lIons are given in mgl-! (upper line) and in percent
equivalence of sums of cations or anions (lower line). Conductivity (mS cm-!). Salinity (S) (g1-1). Bracketed numbers
represent sum of two ions. Some authors’ results were recalculated. * average values.

Location pH Cond. Na K Mg Ca Cl SO, HCO;, CO, S
Lake*
Africa
Algeria
Merdjadja 8.3 8630 816 1940 1520 16930 11620 184 0 41.65
(Beadle 1943a) 59.4 33 25.3 12.0  66.1 33.5 0.4 0
Quargla 8.5 19180 980 1940 1080 34600 10040 268 0 68.09
77.8 23 14.9 5.0 82.1 17.6 0.4 0
Chad
Bodou - 40.5 13340 2502 22 12 2334 1441 8174 14160 42,0
(Iltis 1971) 89.7 9.9 0.3 0.1 9.0 43 19.1 67.5
Rombou 10.2 200 5198 2170 1.2 10 957 1018 3965 4680  20.4
80.1 197 <0 0.2 10.0 7.9 241 57.9
Yoan 24656 - - - 9645 15129 (484meq 1'Y)
100 252 291 4.8
Egypt
Natron 1368 - 160 157 1145 - (1450) 4.28
(Grabau 1920) 73.9 - 16.4 9.8 40.1 - 59.9
Zugm 11.0 142000 2270 - - 154560 22570 (67210) 3939
(Im. 1979) 99.1 0.9 - - 61.7 6.6 31.7
Ethiopia
Shala 29.5 6250 252 <75 <3 3300 650 (200 meq 1-7)
(T. & T. 1965) 97.7 2.3 0.2 0.0 30.4 44 65.4
Aranguadi 10.3 1541 317 7 13 780 14 3135 5.81
(P. 1968) 87.7 10.6 <0.8 0.9 29.7 0.9 69.4
Kilotes 9.6 1622 176 7 14 482 19 3867 6.49
92.4 59 <07 0.9 17.6 0.5 81.9
Kenya
Bogoria >10.5 357 14360 304 tr 26 3450 204 (17650) 35.99
(Beadale 1932) 98.6 1.2 0 0.2 14.1 0.6 85.3
Elmenteita 10.9 4375 9450 381 <30 <10 5200 2300 (289meq 1 1Y)
(T. & T. 1965) 97.0 23 0.6 0.1 30.5 9.5 60.0
Magadi 10.4 75000 1390 - - 49400 1240 7650 54300 140.1
J. 1977) 98.9 i1 - - 41.5 1.7 3.7 54.0
Malawi
Chilwa 8-11 120 2690 38 4 10 1920 65 (6l.6meql ")
(M. & M. 1969)
South Africa
Blaauwater 1 8.9 (1350) 9 29 1100 100 1031 11.4  3.63
(H. 1932) 96.4? 1.1 23 61.5 4.1 33.5 0.8
Banagher 3 9.1 (7784) 6 15 8236 200 4866 23 2111
99.67 0.1 02 74.4 1.3 25.6 0.2
Ronde 6.9-7.8 (4800) 3000 - 14184 2360 141 0 24.69
459 5411 - 87.8 11.7 0.5 0
Rocher 7.6-9.0 19 3775 58 402 230 6375 1362 (90) 12.29

(Coetzer 1981) 78.1 0.7 15.7 54 85.6 13.5 0.8
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Location pH Cond. Na K Mg Ca Ci SO, HCO; CO, S
Lake*
Tanzania
Big Momela 10.4 15 4807 704 5 4 496 768 (168 meq 1Y)
(M. & K. 1974) 91.8 7.9 0.2 0.1 7.0 8.1 84.9
Manyara 54 21500 94 <30 <10 8670 2280 (806 meq 1-1)
(T. & T. 1965) 99.8 0.3 - - 22.3 4.3 73.5
Uganda
Katwe 180500 38200 - - 147000 22500 (2123) 452.4
(Groves 1931) 88.9 11.1 - - 61.6 7.0 31.5
Mahiga 84000 16400 120 - 72300 71000 3100 8900 255.8
(A. & M. 1969) 89.5 10.3 0.2 - 529 381 1.3 7.7
Antarctica
Don Juan 5.4 790 11500 160 1200 114000 212000 11 49 0 338.9
(M. 1962) 7.9 0.7 1.6 90.4 100 0 0 0
Asia
China
Koko Nor (Qinghai) 3397 120 322 196 4446 1980 (616) 11.08
(Clarke 1924a) 79.0 1.7 14.2 5.2 67.0 22,0 11.0
Afghanistan
Maimana 123920 tr. 3500 420 188300 18600 120 - 3349
(L. 1963) 83.0 0 13.8 3.2 93.2 6.8 0.0 -
India
Kar 8.9 16346 5478 2716 406 11662 35075 (2141) 73.82
(H. 1937a) 64.9 128 204 1.9 30.1 66.7 3.2 -
Khyagar 9.5 1093 724 134 24 251 2069 1701 54 6.05
60.7 237 14.1 1.5 8.9 540 349 2.3
Panggong 9.35 3527 186 232 303 3587 2750 2067 1050 13.7
79.7 2.5 9.9 7.9 44.5 25.2 8.4 15.4
fran
Maharlu 109400 951 4383 580 180200 8320 (114) 304.95
(Loffler 1956) 92.0 0.5 7.0 0.6 96.7 8.3 0.1
Niriz 9.65 18.3 4777 63 380 178 7550 772 27 13.747
{Schamsabad) 83.0 0.6 12.5 3.6 9.6 7.0 0.4
(Lotfler 1939)
Niriz 7.7 105.9 35280 532 3150 1360 61000 6160 (134) 101.61
(Qualeh Kirmiz) 81.9 0.7 13.8 3.6 92.9 6.9 0.2
Urmia 7.5 563.7 103620 2603 8175 609 180500 15070 (210) 310.79
(Loffler 1956) 85.4 1.3 12.7 0.6 93.3 5.8 0.1
U.5.S.R.
Balkhash (694) 164 25 574 893 493 0 2.84
(L. 1963) 67.2 300 28 377 434 189 0
Insyk-Kul (1475) 294 114 i585 211§ 240 0 5.82
68.2 257 6.1 480 479 4.2 0
Biljo 2889 46 79 4 1265 4412 (99) 8.79
(Clarke 1924a) 94.1 0.9 4.9 0.1 273 702 2.5
Alai 36642 571 100 57 15618 54492 24 898 108.4
(Ludwig 1903) 98.4 0.9 0.5 0.2 218 76.1 0.0 2.0
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Location pH Cond. Na K Mg Ca Cl SO, HCO, CO, )
Lake*
Tagar 5947 212 870 56 6181 7324 199 238 2103
76.4 i.6 21.1 0.8 528 462 [.0 24
Schunent 24486 501 17727 668 59074 48897 (471) I51.8
(Grabau 1920) 41.4 0.5 56.8 1.3 61.8 37.7 0.6
Turkey
Burdur 9.1 4720 42 710 11 3430 6940 839 320 17.01
(Irion 1973) 77.4 0.4 220 0.2 36.4 S44 8.2 4.0
Krater Aci 7.6 21270 400 2330 155 34630 6940 R54 0 66.6
81.5 0.9 16.9 0.7 86.0 12.7 1.2 0
Tuz 7.9 117000 900 2040 413 185000 6120 122 0 3122
95.1 0.4 4.0 0.4 y7.6 24 0.0 0
Van 9.31 229 8100 400 107 9 5900 2447 2428 3492 23.1
(Gessner 1957) 94.8 2.8 24 0.1 4.6 13.6 10.7 311
Australasia
Australia. N.S.W.
Kudgee Bore 6.0 15910 - 1830 830 24500 9320 - - 52.39
(E. 1966) 78.3 17.0 4.7 78.1 219
Jillamatong 9.6 7600 336 14 68 98033 2554 (R63) 21.04
(W. 1970) 96.2 2.5 0.3 .0 80.5 15.5 4.1
Nichebulka 4370 29 486 325 8226 500 30 - 13.97
(Johnson 1980) 76.9 0.3 16.2 6.6 95.7 4.3 0.2 -
Utah 75900 242 8633 1248 147189 2304 103 - 238.6
78.0 0.1 16.8 5.0 9K.8 1.1 0.0 -
Australia, Qld.
QId Buchanan 8.6 31000 820 630 1400 33600 0 (75) 86.79
(B. & W. 1970) ) 1 4 N 101 0 0.1
Australia, S.A.
Evre North (21.V.51) 43780 10 300 910 67960 2940 (40) 115.9
(Bonython 1955) 96.4 0.0 1.3 2.3 95.9 4.1 0.0
Eyre South (March
1978) 10810 4 33 296 16311 806 30 0 28.29
(Johnson 1980) 96.4 0.0 0.6 3.0 96.4 35 0.1 0
Kingston - 11700 400 900 100 19800 700 700 0 33.80
(W. & B. 1976) 84.3 1.9 12.6 1.2 96.6 2.7 0.6 0
Robe 7.4 33400 1470 5240 880 64700 6200 630 0 112.5
(B. & W. 1966) 73.9 1.6 18.2 3.7 87.1 12.3 0.6 0
Sunday 7.0 62100 2600 21000 200 185000 20500 300 0 291.7
59.6 1.5 3R.7 0.2 92.3 7.6 0.1 0
Bumbunga 85100 600 S00 12100 172500 7600 200 0 278.6
77.9 0.3 0.5 21.3 96.8 31 0.1 0
Gillies 3.0 2754 64100 720 6140 1240 117500 2660 0 0 216.3
(W. 1984) 82.7 0.5 14.9 1.8 98.2 1.6 0 0
Round 8.2 6.867 1275 32 184 226 2410 398 370 0 8.23
67.1 1.0 18.5 13.7 82.1 10.0 7.3 0
Australia, Tasmania
Brent's 9.61 20.8 3657 4 1033 270 8154 1008 (120) 13.24
(B. & T. 1972) 61.7 <0.0 33.0 5.2 90.9 8.3 0.8
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ApH

Location Cond. Na K Mg Ca Ci SO, HCO, CO; S
Lake*
Forest 9.0 7.38 1387 18 247 56 1021 749 (827) 4.005
71.9 0.6 24.2 33 54.3 29.4 16.3
Mona Vale 8.22 165 96025 997 4070 1278 150663 8256 253 0 261.5
90.8 0.6 7.3 1.4 97.0 39 0.1
Township 8.84 63.0 13984 170 1813 317 32127 528 (536) 49.48
78.2 0.6 19.2 2.0 97.8 1.2 1.0
Australia, Victoria
Bullenmerri 2976 102 87 22 4352 0 (1190) 8.73
(Hussainy 1969) 92.4 1.9 5.2 0.8 86.3 0 13.7
Gnotuk 8.1-8.8 17400 610 2230 111 33100 60 (440) 53.95
{Maddocks 1967) 77.6 2.0 19.4 1.0 989 <0.0 I.1
Modewarre 8.7 1100 12 151 38 1940 33 (258) 3.53
76.6 0.5 19.9 3.0 85.4 I.1 134
Werowrap 9.8 13076 6868 81 4 13864 - 8385 2142 38.42
(Walker 1973) 95.2 3.7 1.1 0.0 65.2 - 229 11.9
Australia, W.A.
Coolungup 8.6 2710 111 328 11 5680 456 736 80 10.31
(W. & B. 1976) 71.3 1.7 26.6 0.3 87.5 52 6.6 0.7
Stubbs 8.7 66470 507 3280 1150 117900 2314 (105) 191.7
(W. & B. 1976) 89.4 0.4 8.4 1.8 98.5 1.4 0.1
Eganu 16300 300 1700 1300 28263 6899 112 - 54.69
(Halse 1981) 77.1 (.8 15.0 7.0 84.7 15.1 0.2 -
New Zealand
Sutton 7.7 3300 230 160 40 3980 - 430 0 15.14
{Bavly 1967) 91 2 5 1 100 - 3 0
Europe
Austria
Birnbaumiacke 7.95 2592 9 10.5 tr. 500 1210 (77.4 mval)
(Lottler 1939b) 99.0 0.2 0.8 0 12.1 21.6 66.3
Herrensee 6.90 14358 31 320 20 513 2840 (17.8 mval)
9.3 0.9 8.8 1.1 19.5 64.7 (15.8)
Hungary
Kiskunhalasi 1802 - 87 14 358 172 2007 595  4.563
(Megyeri 1959) 90.2 - 8.3 0.8 11.7 4.2 61.2 23.0
Oszeszékito 2139 - 30 5 732 14 3856 347 7.124
97.2 - 2.5 0.3 216 0.3 66.1 12.1
NagyszEékto 10.3 (1533) 157 15 342 103 2357 921 5.484
(D. & P. 1937) 78.2? 139 0.9 12.0 2.7 47.6 38.1
lvés (Medve) 91208 - 70 584 140669 1028 (93) 233.7
(Grabau 1920) 99.1 - 0.1 0.7 99.4 0.5 0.1
Szelider 8.96 (1157) 75 22 911 269 1205 145 3.783
{Doniszy 1939) 86.3 10.4 3.2 46.0 10.0 354 8.6
Rumania
Sarat 18427 - 1354 226 16396 21544 (157). 58.00
(Clarke 1924a) 87.5 - 1.3 1.2 506  49.1 0.3
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Location pH Cond. Na K Mg Ca Cl SO, HCO. CO; S
Lake*
Spain
Gallocanta 7924 244 3411 342 18109 9730 4] 65 39.87
(Comin.
pers. comm.) 53.1 1.0 433 2.6 71.3 8.3 0.0 0.3
U.S.S.R.
Elton 29866 - 46508 265 170183 18073 (106) 265.0
(Clarke 1924a) 253 - 74.5 0.3 92.7 7.3 0.0
Marfovka 20670 550 3880 720 29200 21130 180 - 76.43
71.7 1.1 25.5 2.9 65.0 34.7 0.2 -
Iletsk 60322 tr. 124 512 93542 21130 - - 155.2
(Grabau 1920) 98.7 0 0.4 1.0 99.4 0.6 - -
United Kingdom
Watch Lane 6.83 1541 16 37 107 2447 256 159 0 4.563
(Savage 1971) 88.4 0.5 4.0 7.0 89.7 6.9 34 0
North America
Canada, Alberta
Fleeinghorse 9.1 6.5 1228 24 46 49 36() 1ROO 976 420 4.90
(Hammer unpubl.) 88.6 1.0 6.3 4.0 15.9 57.7 24.6 2.2
Gooseberry 9.2 30.0 11040 310 168 4 S50 15900 2440 1600 37.0
95.2 1.6 2.7 0.4 35 75.2 9.1 12.1
Handhills 9.6 1.5 3588 121 42 35 320 3750 3782 1200 15.72
94.9 1.9 2.1 1.0 4.8 41.3 328 212
Leane 9.5 7.5 1800 89 69 12 450 1250 2204 896 6.77
9.2 2.6 6.6 0.7 2.1 248 345 2846
Miquelon 9.5 8.4 2178 159 233 128 446 4200 1480 336 9.16
73.1 3.2 4.8 9.0 9.3 64.5 17.9 8.3
Canada, B.C.
Barnes 9.4 1.5 2760 500 31 15 1291 968 3330 768  9.664
(T. &S.1977) 88.2 9.4 1.9 0.6 26.6 147 399 18.7
Boitano 9.0 3.85 782 116 135 15 145 1401 1061 153 3.808
69.7 6.1 22.7 i.6 7.3 523 312 9.1
Clinton 8.1 55.93 7533 735 19821 23 1108 98125 3215 0 130.6
16.6 1.0 82.4 0.1 1.5 96.1 2.5 0
Goodenough 10.2 405 16675 538 47 3 5850 0 4148 17208 445
97.6 1.9 0.5 0.0 20.4 0.0 8.4 71.1
Wallender 4991 199 2225 246 560 18972 207 240 27.64
(Blinn 1971) 52.0 1.2 439 29 3.7 93.6 0.8 1.9
Canada, Manitoba
*721 8.69 3.4 228 60 475 101 34 2079 491 48 3.52
(Barica 1975) 17.8 2.8 70.2 9.1 1.8 86.4 14.9 3.0
Canada, Sask.
Big Quill 2537 163 1169 502 1937 8368 (236) 14.68
(Huntsman 1922) 46.8 1.8 40.8 10.6  23.1 73.6 33
Big Quill 8.7 37.5 8050 575 4482 382 3510 30200 793 133 48.13
(Hammer 1978b) 46.5 2.0 49.0 2.5 13.3 84.4 1.7 0.6
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Location pH -1 Na K Mg Ca Cl SO, HCO, CO; S
Lake*
Humboldt 8.7 39 250 94 517 145 88 2620 268 31 4.01
17.3 38 67.5 11.4 4.0 87.3 7.1 1.6
Little Manitou 8.8 72.5 12300 890 9518 497 18000 39600 776 209 81.79
39.2 1.7 57.3 1.8 37.5 61.0 0.9 0.5
Manito 9.3 25.0 8025 248 400 42 1825 12400 2220 1176 26.34
89.5 1.6 8.4 0.5 134 671 9.5 10.2
Redberry 9.2 15.6 1860 178 2271 99 220 12500 551 125 17.80
29.2 1.7 67.4 1.8 2.2 93.1 3.2 1.5
Wakaw 8.3 35 313 32 350 228 154 2310 142 17 3.55
24.9 1.5 52.7 20.9 7.8 87.0 1.5 1.1
Goose 8.6 40.0 9500 165 438 662 16500 385 106 13 27.77
(Royer 1966) 84.9 0.9 7.4 6.8 97.8 1.7 0.4 0.1
Little Quill 1802 120 826 181 1198 5676 (219) 10.02
(Huntsman 1922) 49.5 2.0 42.9 5.7 21.2 74.2 4.6
Patience 7.2 280.0 103000 48100 4120 740 252500 35000 210 0 443.7
(H. & P. 1984) 73.6 20.2 5.6 0.6 90.7 9.3 0.0 0
Mexico
Coahuila Grande 350 20 225 624 291 2700 121 4.33
(M. & C. 1968) 23.3 7.7 28.3 47.6 12.0 822 5.8
Salada 6000 1250 14414 1232 10200 66500 252 99.8
16.9 2.1 77.0 4.0 13.3 86.4 0.3
Chichen-Kanab 533 19 325 600 362 2607 - 4.45
{Clarke 1924a) 8.8 0.6 333 37.3 15.8 84.2 - -
L.S.A.. California
Borax 9.61 47.2 0 16319 1140 218 24 16071 31 2543 7892  44.24
(Wetzel 1964) 93.6 38 24 0.2 59.8 0.1 5.5 34.7
Mono 19685 Y61 55 20 12104 6672 3172 10518 53.24
(Chatard 1890) 96.7 2.8 0.5 0.1 38.7 15.7 5.9 39.7
Mono 29500 1500 33 4 17600 10300 11200 18900 89.04
(Winkler 1977) 96.9 2.9 0.2 0.0 32.6 14.1 120 413
Owens 81398 3462 21 43 53040 21220 (52463) 213.7
(Clarke 1924a) 97.5 2.4 0.0 0.1 40.6 12.0 47.4
Salton R.3-8.8 9939 224 951 764 14422 6806 159 21 33.29
(Carpelan 1958) 78.0 1.0 14.1 6.9 73.7 25.7 0.5 0.1
South Panamint 8.2 7.975 1072 81 18 248 1720 600 73 0 3.81
(Kubly 1982) 74.5 33 24 19.8 78.0  20.1 1.9 0
South Panamint 8.3 >100 63394 4311 1426 4233 112971 3535 442 0 190.31
(Kubly [982) 86.3 35 37 6.6 97.5 2.3 0.2 0
U.S.A.. Nebraska
Jesse 9312 10506 tr. 0 1665 6663 4800 11907 44.85
(Clarke 1924a) 65.5 34.5 0 0 7.1 21.0 11.9 60.0
Richardson 10,6 31.82 (7500) - - 1550 1300 15215 23358 48.92
(McCarraher 1970) 4.0 2.5 2.7 70.9
Toms 9.9 5.13 (1800) - - 5 55 4292 1675 7.83
(McCarraher 1970) 0.1 0.% 552 438
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Appendix C (Continued).

Location pH Cond. Na K Mg Ca Cl SO, HCO, CO, S
Lake*

U.S.A.. Nevada

Big Soda 45840 2520 270 - 45690 12960 10919 10194 129.4
{Chatard 1890) 95.8 il 1.1 - 62.5 13.0 8.6 16.4

Pyramid 1174 74 79 9 1431 183 (498) 3.45
(Clarke 1924a) 85.3 3.2 10.9 0.7 66.8 6.3 26.9

Pyramid 9.2 8.42 1720 118 114 9.3 2080 280 860 300 5.48
(G. 1981) 85.3 3.4 10.7 0.5 66.2 6.6 15.9 11.3

Walker 9.3 3200 170 130 10 2300 2200 (2908) 10.92
Koch et al. 1977) 85.4 6.6 5.0 3.0 31.7- 224 45.9

U.S.A.. New Mexico

Zuni 75000 498 2550 345 113100 14650 235 46 206.4
(Bradbury 1971) 93.2 0.4 6.0 0.5 91.1 8.7 0.1 0.0 ’

U.S.A., Norith Dakota

Devils 2548 204 844 70 1310 7187 345 169 12.68
(Young 1924) 58.6 2.8 36.7 1.8 18.7 75.6 29 2.7

East Stump 8.4 70.6 31570 1144 3685 328 2350 6989 340 130 45.51
(Blinn 1972) 8.1 1.7 17.9 1.0 299 65.6 25 2.0

U.S.A.. Oregon

Abert 9.8 30.5 8370 295 1.5 1.0 7440 397 2160 3230 21.89
(W. & F. 1961) 97.9 2.1 - - 58.1 23 9.8 29.8

Summer 6567 264 tr. tr. 3039 695 (5916) 16.48
(Clarke 1924a) 97.7 23 0 0 28.8 49 66.3

U.S.A.. Texas

La Sal Vicja 8250 72 308 13090 995 256 - 079
(Deevey 1957) 94.6 1.5 39 93.8 5.3 1.1

La Sal del Rey 68670 128 932 107000 1100 230 - 177.45

98.2 0.3 1.5 99.1 0.8 0.1

U.85.A. Uwh

Great Salt (N} 7.7 105386 6680 11124 312 181000 27000 454 270 3322
(Post 1975) 80.6 3.0 16.0 0.3 89.8 9.9 0.2 0.2

Great Salt (S) 8.15 113 4000 2000 1703 840 68500 8400 493 0 127.9
(S. & G. 1976) 87.1 4.7 6.4 1.9 91.4 8.3 0.4 0

U.S.A.. Washington

Lenore 5129 438 14 10 1438 2112 3544 3000 15.69
{Anderson 1958a) 94.6 4.7 0.5 0.2 16.7 18.1 239  41.2

Soap 11868 1134 8 21 5467 6240 5209 6870 36.82

94.4 53 0.1 0.2 25.8 217 143" 383

U.S.A., Wyoming

de Smet 1342 82 436 71 58 4129 536 67 6.72
(Clarke 1924a) 58.4 2.1 35.6 3.6 1.7 87.2 8.9 2.3

Soda 20036 1525 3371 643 4080 50416 1508 82.42

71.4 32 227 2.6 9.5 86.2 2.0 2.3

Dominica

Enriquillo 8.3 15973 503 378 1649 25547 3833 512 0 48.90
(Bond 1935) 84.6 1.6 38 0.0 8§9.1 9.9 1.0 0
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Location pH Cond. Na K Mg Ca Cl SO; HCO, CO, S
Lake™
Haiti
Bois Neuf 8.1 8349 80 589 416 4582 14580 98 40 28.76
83.6 0.5 11.2 4.8 29.6 69.6 0.4 0.5
Saumatre 8.5 (2159) 279 94 3660 711 161 46 7.11
77.67 19.0 35 89.0 8.3 1.5 1.3
South America
Argentina
Aquada de Azaguate (10782¢) 680 880 11878 10995 287 0 35.50
(Olivier 1953a) 82.4 9.8 7.7 589 403 0.8 0
De la Isla 10.5 - - - 0 2692 2190 (2220) TDS 14.69
48.1 28.9 23.0
El Salado 8.0 - - - 112 1061 930 400.0 TS 3.78
53.6 347 11.7 0
La Salada 8.1 - - 5220 3820 40 0 TDS 19.9
64.7 35.0 0.3 0
Salada Granda 8.7 - - - - 2960 325 (319.7) TDS 7.37
90.3 5.5 4.2
Epecuen 107502 - - - 122436 48992 (6071) 285.0
(Grabau 1920) 75.5 23 2.2
Bolivia
Pustos Grandes 7.14 77280 8915 3478 2668 156733 1864 608 0 252.7
(R. & E. 1979) R2.4 5.6 7.0 35 98.7 0.9 0.2 0
Brazil
Lagoa Escondida 1660 193 6 14 1242 46 2004 0 5.165
(L. 1963) 922 6.3 0.7 0.9 50.8 1.5 47.8 0
Chile
Tamentica 100924 6538 1713 29 144006 26180 6110 - 285.5
(Clarke 1924a) 93.4 3.6 3.0 0.0 86.3 11.6 2.1 -
Verde 7.3 24000 1800 1600 5400 52000 2500 530 0 87.83
(H. 1976) 70.0 3.1 8.8 18.1 98.2 35 1.8 0
Peru
Parinacochas 3936 462 99 142 5652 1277 (260) 11.83
(Clarke 1924a) 86.3 6.0 4.1 3.6 81.9 13.7 4.5
Poopo 7470 301 94 634 10190 3788 ? 22.5+
(Lotfler 1961¢) 87.3 2.1 2.1 8.5 784 21.6
Salinas 8.2 9.2 14300 4100 1150 1036 20800 16300 11.56 mval 57.76
71.2 12.0 10.8 5.9 62.5 36.4 3.9

Kev 10 sources: A. & M. 1969, Arad & Morton 1969; B. & T. 1972, Buckney & Tyler 1972; B. & W. 1966, Bayly &
Williams 1966: B. & W. 1970. Bayly & Williams 1970; D. & P. 1957, Dvihally & Ponyi 1957; E. 1966, Ettershank ez al.
1966: G. 1981. Galat et af. 1981: H. 1932, Hutchinson et al. 1932: H. 1937a, Hutchinson 1937a; H. 1976, Hurlbert et al. 1976;
H. & P. 1984. Hammer & Parker 1984: Im. 1978, Imhoff et al. 1978; J. 1977, Jones etal. 1977; L. 1963, Livingstone 1963; M.
1962, Meyer eral. 1962: M. & C. 1968. Minckley & Cole 1968; M. & K. 1974, Melack & Kitham 1974; M. & M. 1969, Moss
& Moss 1969: P. 1968. Prosser eral. 1968: R. & E. 1979, Risacher & Eugster 1979;S. & G. 1973, Stephens & Gillespie 1973;
T. & T. 1965. Talling & Talling 1965; T. & S. 1977. Topping & Scudder 1977; W. 1970, Williams et al. 1970; W. 1984,
Williams 1984, pers. comm.: W. & B. 1976, Williams & Buckney 1976; W. & F. 1961. Whitehead & Feth 1961.
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Appendix D Water chemistry of saline meromictic lakes. Shallow depths represent mixolimnia and deeper depths
monimolimnia. Upper line is ions in mgl-! while lower line is per cent equivalent of cation or anion sums. Cond
(conductivity in mScm-Y). S (salinity in gl-!). Bracketed values represent total alkalinity.

Location
Lake* Depth pH Cond. Na K Mg Ca Cl SO, HCO; CO, S
Antarctica
Bonney (9m) 6.7 11.63 1670 112 383 166 3760 6246 155 0 6.25
63.2 25 274 70 444 547 1.1 0
(A. 1964) (30m) 7.3 213 41300 2730 25900 1540 140000 2850 153 0 214.5
4.1 1.7 523 1.9 98.5 1.5 0.1 0
Fryxell (6m) 7.2 4854 1350 108 129 77 1640 144 1332 0 4,780
773 3.6 140 S.1 651 42 309 0
(A. 1962) (12m) 7.0 22.73 2050 187 229 33 2740 460 2136 0 7.835
78.0 4.2 16.4 1.4 634 79 28.7 0
Vanda (48 m) 7.2 5.265 228 53 173 614 1910 80 84 0 3.142
177 24 253 546 946 29 2.4 0
(A. 1965) (66 m) 6.1 6761 766 7684 24254 75870 770 126 0 116.2
136 09 293 561 992 0.7 0.1 0
Australia
West Basin (2m) 8.4 29992 1001 1665 66 48240 - 1360 - 82.32
88.7 1.7 9.3 0.2 984 - 1.6 -
(T. 1972.
T. & B. 1973) (12m) 7.0 39498 1584 2292 34 65824 - 5289 - 1145
88.2 2.1 9.7 0.1 955 - 4.5 -
Canada
Lyons (4.5m) 1336 305 1509 2932 111 8738 320 55 17.96
17.3 23 359 435 1.6 955 28 0.1
(N. & H. 1969) (7.0m) 6165 410 2978 14879 419 18265 2415 0 49.22
24.7 1.0 57 686 2.7 881 92 0
Mahoncy (5.0m) 3949 650 1234 2226 800 11034 1285 225 21.40
128 4. 25.3 277 80 818 715 2.7
(9.0m) 6369 1180 3374 7190 709 20643 5181 0 44.65
294 32 294 380 3.7 804 159 0
White (3.0m) 1211 287 209 221 121 393 3300 770 6.51
69.9 9.7 58 146 3.7 9.0 592 28.1
(12.0m) 1416 310 264 145 159 834 4225 875 8.23
62.5 8.1 21 173 37 144 576 243
Deadmoose (Om) 8.9 287 5980 280 1660 18 5760 10800 743 135 25.35
64.2 1.8 339 02 402 557 30 1.1
(H. unpubl.) (8m) 8.1 46.8 11000 520 2880 23 10400 22000 1017 0 47.84
65.6 1.8 325 02 382 596 22 0
Waldsca (Om) 8.1 16.3 2400 160 1650 280 2700 8250 279 0 15.71
40.4 1.6 526 54 301 680 1.8 0
(6.9m) 7.2 440 8000 560 6000 104 8500 30400 850 0 54.41
40.4 1.7 573 06 237 625 138 0
Israel-Jordan
Dead 6.1-6.7 38510 6500 36150 16380 196940 580 230 0 295.3

(N. & E. 1967} (0—~40m) 297 29 528 145 987 0.2 0.1 0 (Br 1%)
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Appendix D (Continued).

Location/Lake* Depth pH Cond. Na K Mg Ca Cl SOy HCO; CO; S

39700 7590 42430 17180 219250 420 220 0 326.8

(100-
400 m) 275 31 557 137 998 0.1 0.1 0
Kenya
Sonachi 9.8 2567 345 3 3 304 51 2819 1717  7.809
(M. 1982) (0.05m) 980 19 00 00 7.6 1.0 408 506
9.65 3725 452 2 3 351 58 4129 1899 10.62
(Sm) 93.3 6.7 00 00 70 08 476 445
South Africa
Pretoria Salt 10.4 582 29000 130 <l <l 30000 240  (400meql) 60.54

(Om) 98.7 03 - - 676 04 320
(A.&S.1983) (25m) 9.2 208.5 103000 500 <1 <1 85000 0.8 (2120meql) 252
99.7 03 0 0 53.1 <0.1 46.9

Tanzania
Gidamuniud (Om) 9.0 10.8 2806 189 108 14 2872 663 (42.8 meql)
89.4 35 6.5 0.5 589 100 31.1
(K.) (bottom) 9.5 536 18400 641 38 41 17304 1220 (323 meql)
97.4 20 0.4 0.2 583 3.0 38.6
U.S.A.
Big Soda (mixo) 9.7 ROGO 310 145 5 6500 5600 (4000) 24.55
94.5 21 32 005 502 319 17.9
(C. 1983)
(monimo) 9.7 28000 1100 6 0.8 27000 6700 (24000) 86.81
97.7 23 0.0 0.0 58.8 10.8 304
Hot (m) 8.2 579 7337 891 22838 640 1668 103680 3148 0 140.2
14.2 1.0 83.4 1.4 2.1 95.6 2.3 0
{A. 1958b) (3m) 7.8 604 16790 1564 53619 720 1882 243552 3062 0 321.2
140 0.8 845 0.7 1.0 980 1.0 0

“ Key to sources: A.1938b. Anderson 1958b: A. 1962, Angino et al. 1962: A. 1964, Angino et al. 1964; A. 1965, Angino et
al. 1965 A. & S. 1983. Ashton & Schoemann 1983: C. 1983, Cloern et al. 1983; H. unpubl., Hammer unpublished; K.
pers. comm.. Kitham pers. comm.: M. & M. 1982 Maclatyre & Melack 1982: N. & E. 1967, Neev & Emery 1967; N. & H.
1969. Northcote & Halsey 1969: T. 1972, Timms 1972: T. & B. 1973, Timms & Brand 1973,
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GLOSSARY

Included in this glossary are words which are mot included in the

WMO/Unesco glossary of hydrology (report of the fifth session of the

joint WMO/Unesco panel on terminology, Geneva, 17-21 November 1986).

aestivate
bathymetriec map
biocenosis, bio-

community
canopy

collector

consumer

decomposer

ecology

ecosystem

epiphyton
filter feeder

grazer

habitat
heleoplankton
helophyte
hydraulic stress
invertebrate
lentie

lotic

nymphaeid

oviposition
pentade
plankton

pass the summer In a resting type

map of a waterbody indicating depths

the total of living organisms at a certain place in
more or less intense relationship to each other
foliage of shrubs and trees

animal in streams that collects small organic
particles

animal (as opposed to producers or reducers)

organism that reduces dead organic material to
(finally) minerals

science of the mutual relationships between organisms
and the relationships between organisms and their
environment

the total of abiotic and biotic components in
relationship to each other at a certain place, viz. a
waterbody

wicroscopic small organisms adhering to (watexr)plants
animal that filters small organic particles from the
water

animal that eats free floating or attached algae
place where a certain species lives

plankton of shallow waters

emergent aquatic plants, such as reeds

forces of running water on benthic animals

animal without backbone (insect, worm, snail etc.)
belonging to stagnant water

belonging te running water

plant with floating leaves of more or less circular
form

laying of eggs

period of five days

(microscopic) small plants and animals, free floating

in the water



predator

pristine

producer, primary
" secondary

pProduction

productivity

resplration

shredder
terrestrialization
tychoplankton
zonation

zonobiome

zonoecotone
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animal that preys on other animals
not Influenced by man (viz. primary forest)

green plant {(or micro-organism)

animal eating plants

augmentation of biomass (living material) per unit of
time

the process of production (generally within a short
period)

the use of oxygen by plants and animals

animal that fragments large organic particles such as
leaves

the natural process of converting swamp into land
plankton of shallow waters

division of running waters into zones, characterized

by abiotic and biotic features
areas of the world characterized by climatological and
vegetational criteria

areas of transition from one zonobiome to another
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