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1

he International Co-operative Programme on Integrated Monitoring ofAir Poltution
Effects on Ecosystems (ICP/1M Programme) is a multidisciplinary monitoring programme
under the auspices of the United Nations Economic Commission for Europe (UN/ECE).
The pilot phase of the programme ranfrom 1989 to 1991 and the ICP/lM Programme was
begun in 1992. The programme detects the effects of long-range airpotlutants on naturat
ecosystems. To date, 23 countries have attended the programme.

The subprogramme Hydrobiology of Lakes is one of the 21 subprogrammes of the
ICP/1M Programme. The present subprogramme manual was prepared to harmonize the
hydrobiologicat methods used by the participating countries for obtaining comparabte
data. In addition to the fleld and laboratory methods inctuded in the Manuat for Integrated
Monitoring, Programme Phase 1993-1996 (EDC 1993), this subprogramme manuat also
contains methods of optimum hydrobiologicat monitoring for those wishing to cottect more
detaited infonnation for nationat purposes. On the basis of Finnish experiences, we
recommend the use of the additional parameters for obtaining a better understanding of
the state of the ecosystem.
The manual waspresented in 1992 at the Fourth Task Force Meeting of the Pilot
Programme on Integrated Monitoring and the countries were invited to apply it according
to nationat circumstances. The preparation of the manual wasfunded by grantsfrom the
Ministry of the Environment, Finland.
Nationat Board of Waters and the Environment

$

1 Introduction

The International Co-operative Programme on
Integrated Monitoring of Air Pollution Effects
on Ecosystems (ICP/IM Programme) is a
multidiscipiinary programme designed to ob
serve the effects of Iong-range atmospheric
pollution on natural ecosysterns and to monitor
the possible effects of climatic change. The
ICPIIM Programme is conducted in specially
selected study areas with minimum local human
interference. In Finland, ali monitoring areas
include aheadwater lake and its catchment area.
This manual describes detailed hydrobio
logical field and laboratory methods for the
Subprogramme ‘Hydrobiology ofLakes’ of the
ICP[IM Programme. The idea is to focus the
monitoring ofiake ecosystems on determinations
that will register environmental change with a
high degree of sensitivity. Extensive monitor
ing of many biological communities is war
ranted because the prograrnme must be capable
ofproviding information on unforeseen changes.
The minimum set of hydrobiological van
abies recommended in the ICP[IM Programme
is briefly described in the Manual for Integrated
Monitoring (EDC 1993). Here it is referred to as
the ‘Minimum programme’ whereas the more
extensive set of variabies is called the ‘Opti
mum programme’ (Tables 1 and 2).
The organism groups dealt with in this manual
are: 1) phytoplankton, 2) bacterioplankton, 3)
zooplankton, 4) macrophyte vegetation, 5)
zoobenthos and 6) fish. Within the biological

monitoring programme, sedimented matter is
also studied. The physical and chemical charac
teristics of the water (temperature, p11, alkalin
ity, colour, conductivity, oxygen, inorganic ni
trogen (NH4, N02, N032), total nitrogen, in
organic phosphoms and total phosphorus) should
he determined together with the biological pa
rameters. These determinations, however, are
not dealt with in this manual. Meteorological
conditions must also be considered in interpret
ing the results; thus observation data from a
nearby meteorological station should be made
available.
In addition to the actual monitoring pro
gramme, samples are taken and stored in an
environmentai sample repository for control
purposes, sample comparison and future needs.
The biologicai samples should also he docu
mented as extensively as possible by photo
graphic or equivalent means. In addition, con
tinuous quality control must be can-ied out as
part of the monitoring procedure to ensure the
reliability of the data.
The sampling frequency should he adjusted
to match the life cycles of the aquatic organisms
under study, which are often short; e.g. it is
impossible to correlate phytoplankton biomass
and population ftuctuations to environmental or
other biological parameters if the sampling in
tervals are too long for changes to he accurately
detected. If continuous monitoring is imposs
ihle, the best alternative is probably to do the
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monitoring intensively, but only every second
year. For the Optimum programme (Table 1),
parameters illustrating phytoplankton assem
biages are included because they have been
proved to be sensitive indicators of environ
mental changes (Schindler 1987).
Deviations from the procedures described in
this manual should be avoided, although some
modifications may he necessary due to local
conditions. When a new method is to he adopted
for monitoring purposes, the differences be
tween the old and the new methods must be
thoroughly tested.
In the compilation of this manual we have
received valuable advice from numerous spe
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cialists, of whom Lauri Arvola, Lauri Heitto,
Anna-Liisa Holopainen, Maija Huttunen, Timo
Kairesalo, Kai Kivi, Esa Koskenniemi, Harri
Kuosa, Jorma Kuparinen, Martti Rask, Jouko
Sarvala, Matti Sipponen, Heikki Toivonen and
Matti Verta deserve special mention. The Finn
ish Ministry of the Environment circulated
draft versions of this manual and received crit
ical and constructive commentaries from the
countries participating in the CP/1M Pro
gramme. They have been taken into account in
compiling this final version. Heikki Simola
translated the manuscript from Finnish to Eng
lish, and lis translation was revised by the
English Centre, Helsinki.

2 Än overview of the monitoring methods

The multidiscipiinary and integrated nature of
environmental monitoring sets demanding re
quirements on the planning, field and labora
tory work and data-processing of ali the compo
nent studies.
In the field, utmost care should be taken to
ensure the representativeness ofsamples. Proper
training of the field personnel by the scientists
in charge is therefore essential. Unnecessary
enors due to unclear instructions or faulty com
munication should he avoided.
Sampling sites must he well documented. In
the pelagial area of each lake, there should he
one site for the determination ofphysico-chemi
cal and metabolic parameters and two sites for
plankton assemblage monitoring. The sites
should he marked with steadily anchored floats.
Ifdamage or displacement of the floats hy ice is
to he expected, they should he removed for the
winter. During each sampling week, the plank
ton sampies and the physical and chemical
sampies must he taken on the same day. Due to
practicai factors, the preferred order for the
taking of sampies (Tahle 1) is: 1) physical and
chemical sampies, 2) primary production and
respiration sampies, 3) other phytoplankton,
bacteria and zooplankton sampies. The sampies
in group 1 are to he taken directly from the water
sampier and those in group 2 and 3 as subsampies
from pooled sampies from each depth or depth
zone. The sampling depths are given in sections
3.1 and 3.2. The sampling should aiways he

started in the moming and concluded by noon.
The temporal sequence shouid be kept constant
for each sampiing occasion for example: group
1 sampies taken from 9 to 10 o’clock; group 2
sampies from 10 to 11 o’ clock; group 3 sampies
from 11 to 12 o’clock. However, the group 2
sampies can be taken first, if it is otherwise
impossihle to start the pnmary production ex
periment during the forenoon. Once chosen, the
sequence should not he varied. More detailed
instructions are given in the respective Chapters
(3-5). The site selection criteria and methods for
the other hydrohiological determinations are
given in Chapters 6-9.
Disturbance of water stratification should he
avoided when approaching the sampling site
and during sampling, especially in the cases of
thin epilimnion. During transport, ali sampies
should he protected ftom iight and heat by
placing them in an insuated box witli crushed
ice or cooling elements. Fixatives (as appropri
ate) should he added to the sampies at the first
occasion, preferahly in the fieid. Sampling equip
ment and sample botties must he clean for the
various specific purposes, and sample contami
nation must he avoided at ali stages of the work.
Sampling in ice-covered lakes during the
winter wilI cause some special probiems. A hole
may he made in the ice with adrill or an ice-saw;
chainsaws should not he used because they can
cause contamination by oil. Ice fragments must
he shovelled out of the hole before sampling,
-
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and not “pumped” up with the ice-drill, as this
may destratify the site. The thickness of snow
and ice (separately) and the ice quality should
he recorded on the sampling form. Freezing of
sampling gear and sampies may be a probiem in
winter, and a sampling tent where an above
zero temperature can he maintained in the field
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(e.g. with a gas-heater) may he necessary. Glass
stoppered sample botfles break very easfly at
sub-zero temperatures. Keeping the botties im
mersed in lake water in an insulated box is a
practical way of preventing sampies from freez
ing.

Table 1. Miniinum and optimum sampiing protocol and sequence for physical-chemical
measurements, piankton and sedimentation in the subprogamme “Hydrobiology of Lakes”.
Verticai extent: E = sampies from epilimnion only, EH = sampies frorn epilimnion and
hypoiimnion. D = sampies from discrete depths, C = column sampies.
Monthly frequency’
Minimum Optimum

Sampiing
sites

Vertical
extent

Sampies

1. Physicai and chernical sampies

1

4

1

EH

D

2. Primary production
Dark fixation
Respiration

1
1
1

4
4
4

1
1
1

E
E
EH

D
D
D

1

4
4
4
4
2

2
2
2
2
2

EH
EH
EH
EH
EH

C
C
C
C
C

2

1

3. Chlorophyii concentration
Phytopiankton fiora and biornass
Bacteriopiankton2)
Protozoan piankton2
Zoopiankton (cxci. Protozoa)
4. Sedimentation3
1)
2
3)

-

-

-

-

-

During ice cover ali sarnples ;IIc)nthiy
May he analyzed iii the phytopiankton fiora and hiomass sample
Sedirnent traps continuc)usly in water; sampling day rnay differ from that of other sampies.

Tahle 2. Field investigation frequency for macrophytes, benthic animais and fish in the
subprogramme “Hydrobiology of Lakes”.
Yearly frequency
Minimum
Macrophytes
Aerial and field rnapping
Vegetation transects
Benthic animais
Fish
Test fishing (community
structure, growth rates)
Mark-and-recapture’)
Spawning success1
Heavy metai anaiysis
1)

-

-

2

-

-

-

-

Optimum
1/6
1/3
2

1/2
1
1
1/2

Only in sinail lakes (< 0.1 km2)
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3 Phytoplankton

3.1 PRIMARY PRODUCTION
Introduction
Phytoplankton primary production is a measure
of the trophic level of the lake ecosystem. Car
bon assimilation by phytoplankton algae is
measured with radioactive ‘4C as a marker
(Steemann Nielsen 1952). The measurement is
carried out in situ, by incubating water sampies
in light and dark botties at the sampling depths.
The unassimilated radiocarbon is expelled from
the sample by acid addition and exchange with
air (Niemi et at. 1983). This simple procedure
overcomes the probiem of cells brealdng during
preservation orfiltering. The laboratory in which
the radiocarbon detenninations are carried out
must he licensed for treating radioactive mate
riais.

Field work
Primary production is measured at one sam
pling site. The sampies are taken during the
forenoon using a water sampier in which the
metal parts are coated with tefion. The sampier
should he of a design that allows unimpeded
water passage through the sampier while it is
being lowered. (A good model is the Limnos
sampier, which has the top and bottom lids in a
vertical position and entirely out of the water
path when the sampier is open; Fig. 1.) The
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sampling depth is measured from the middle of
the sampier. The surface sample (0 m) is taken
directly in a plastic container. The sampling
depths are to he selected for each lake according
to the average epilimnetic water colour. One of
the following series may he chosen:
1. colour >150 g Pt m3: 0, 0.25, 0.5, 1 and
2m
2. colour 30-150 g Pt m3: 0, 0.5, 1, 2 and
4 m;
3. colour <30 g Pt m3: 0, 1, 2, 4 and 8 m (the
lowermost sample 1 m above bottom,
if sampling site less than 8 m deep).
The suggested depth series are based on
finnish experience; in lakes with very clear
water much deeper sampling may he warranted.
The goal of lake-specific design of sample
depths, which should not he varied in the course
of the study, is to extend the measurement to the
entire photic layer and to have the vertical
distribution ofproduction optimally determined.
At least three water sampies are to he taken
from each sampling depth. These should he
mixed in a darkened plastic collecting vessel
equipped with an outlet tap. The surface sample
should he taken in a specific plastic container or
directly into the collecting vessel. When skim
ming the surface water, the vessel should he
moved forward slowly, so as to avoid sample
contamination from the hands of the person
holding the container. The following sample
hotties are to he filled from the compound
sample for each depth:

O
O

O

two light botties for light fixation;
one dark bottle for inorganic carbon dark
fixation;
two botties with ground glass stoppers
for the measurement of the initial con
centration of dissolved inorganic carbon
(respiration measurement; see details in
section 4.2).

In addition, a dark control bottle should be filled
with both the surface and the lowermost depth
sampies.
The sampies for light and dark fixation and
dark control are taken in glass viais (vol ca. 25
ml; glass-stoppered botties or e.g. scintillation
viais with tightly sealing caps); about 0.3 ml is
taken from each bottle by pipetting, in order to
leave an airspace for subsequent radiocarbon
and formaidehyde additions. Same volume of
carrier free ‘4C solution (ca. 370 kBq ml1) is
added (e.g. lOj.tl per 1 g DIC m3) under water
to each primary production and dark fixation
bottle. To the dark control sampies, 0.2 ml of
concentrated (ca. 40%) formaldehyde solution
is added before adding the radiocarbon solu
tion. Immediately after radiocarbon addition,
the dark fixation and dark control botties are
wrapped in aluminium foil or put into alu
minium tubes with rubber stoppers, and the
botties are submerged together with the light
ones in a bottle rack to the sampling depth.
Neither the rack nor the dark botties should
shadow the light botties or reflect excess light
onto them. During winter experiments, the in
cubation rack for the light bottles should not be
placed immediately below the drilled hole in the
ice; instead it should he shifted, e.g. by means of
a rod equipped with floats, at least one metre to
the side of the opening. The opening should be
covered with snow during incubation.
The sample incubation time is 24 hours (48
hours under the ice), after which the sampies
(excluding the dark controls) are immediately
fixed with 0.2 ml conc. formaidehyde. While
being transported to the laboratory, the botties
should he protected from light and immersed in
crushed ice tor cooled in insulated boxes with
cold elements).
-

1
Hg. 1. Cimnos sampier; Ieft open, right closed.

Laboratory procedure
Dissolved inorganic carbon should he deter
mined with a carbon analyzer on the sampling
day, as soon as the sampies have reached the
laboratory (e.g. Salonen 1981). If there is no
carbon analyzer available, inorganic carbon con
centration can he calculated from alkalinity, pH
and temperature (Vollenweider 1974, pp. 5456, Rebsdorf 1972); however, this method can
not be applied to samples with pH <5.5. In such
cases, C02 may he determined by distillation
(Vollenweider 1974, pp. 57-59) or by titration
(Golterman & Clymo 1970, pp. 33-34).
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The total radioactivity of the added 14C should
be measured in at least two incubated sample
botties. For this purpose, 0.5 ml of the C02
absorption solvent (1:7 mixture of ethanol amine
and ethylene glycol monomethyl ether) is
pipetted into an empty scintillation via!, and
then 0.5 ml of the sample is injected below the
!iquid surface in the vial. Next, 7 ml ofdistilled
water is added (maldng the vo!ume equal to the
volume of the sample used to determine assimi
lated carbon, see below). Finally, 10 ml of
Lumagel is mixed with the sample.
The radiocarbon assimilated by algae and
other microorganisms is measured from the
!ight and dark sampies as well as the dark
contro! sampies by transferring a standard vol
ume (8 ml) ofeach sample to a scintillation via!.
One drop ofconc. orthophosphoric acid is added
to the vial, and, after mixing, the sample is left
unstoppered in a venti!ated cupboard for two
days. During this time, the disso!ved radiocar
bon will be exchanged with atmospheric C02.
After this, 10 ml of Lumage! scintil!ation !iquid
is added, and the radioactivity assimilated by
the a!gae is measured, using liquid scinti!!ation
counting. Other scintillation !iquids may he
used instead of Lumage!, but the ratio ofsample
to scinti!!ation liquid volumes must he adjusted
according to the specifications of the liquid in
question.

Sources of error
Care must be taken not to allow any radiocarbon
in the stock solution to be exchanged with
atmospheric carbon dioxide. The pH of the
so!ution should he kept above 9.5.

Calculation and expression of
results
Assimi!ated carbon at each sample depth is to he
ca!cu!ated according to the fo!lowing formula:
R
C= 1.05 xC1

-

x

R

-

Rk

Where:
C
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=

concentration of assimilated inorganic
carbon, mg m3

1.05

=

cl

=

R

=

R

=
=

Rk

=

rejection coefficient for radiocarbon
concentration of inorganic carbon in
the samp!e, mg m3
radioactivity of the light sample (aver
age of two determinations, dpm or Bq)
activity of the dark samp!e, dpm or Bq
radioactivity added to the sample, dpm
or Bq (average of two determinations,
ca!culated to the same volume as R, R
and Rk)
mean activity of the two dark control
sampies (surface, deepest sample), dpm
orBq.

The results are expressed as assimilated car
bon mg C m3 d1 (for each ana!yzed depth) and
as mg C m2 d-’ (value integrated for the water
column).

Net and gross community
production
When the concentration of inorganic carbon is
low (growing season average <0.5 g C m3), the
relative change caused by respiration may he so
high that the radiocarbon method underesti
mates primary production. In such cases, the net
and gross production of the community should
a!so he measured by the dissolved inorganic
carbon or oxygen method. For this determina
tion, two light bott!es (without 14C) are incu
bated at each sampling depth together with
respiration sampies (see section 4.2). Net pro
duction equals the loss of dissolved organic
carbon or increase of oxygen in the !ight bott!es.
Gross production is net production plus respira
tion.

3.2 CHLOROPHYLL
CONCENTRATION
Introduction
Chlorophy!l concentration indicates the trophic
leve! of the !ake. It is also a measure of the
phytop!ankton’s production potentia!. Though
a!! autotrophic algae contain ch!orophy!1, the
chlorophyll concentration need not he direct!y
correlated with biomass; their relationship is
affected, for instance, by illumination, nutrient
concentrations and the species composition of
the phytop!ankton assemb!age.

Aigal pigments are extracted into organic soi
vent, in which the concentrations are measured
spectrophotometrically. Quantitatively, the most
important aigal pigment is usually chlorophyll
a, which is determined monochromatically.
Other chlorophylls (especially bacterio
chlorophylls) and their degradation products
may absorb partially on the same wavelengths
as chlorophyll a. Consequently, the observed
concentration may include other pigments in
addition to chlorophyll a.
Ethanol, methanol and acetone are com
monly used in chlorophyll extraction. In the
Integrated Monitoring, chlorophyll is determined
using ethanol as the extractant. It is less of an
occupational risk than methanol or acetone and
has proved more effective than acetone for
many aigal groups (e.g. blue-greens and greens).
During extraction, the sampies are to he heated,
which will inactivate the chlorophyllase en
zyme and enhance extraction.

mally 0.1 2 litres) are filtered through glass
fibrefilters(e.g. WhatmanGF/F)withavacuum
<20 kPa. The filters are dried in darkness. If the
determinations cannot he continued immedi
ately, the dried filters must he stored in darkness
and frozen (at ieast -20°C). The maximum stor
age time is 1 month.
Chlorophyll is extracted from the algae by
immersing the filters in 94% ethanol. The vol
ume of the extractant (5 to 25 ml) must he
known precisely. The extraction is carried out in
glass or plastic tubes with air-tight stoppers.
The sample tubes are to he placed for 5 minutes
in a 75°C water bath so that the sample is
completely submerged. When taken out of the
-

Field work
The sampies are taken with a 1 m tube sampier
(Fig. 2). When feasible, other types of sampier
may be used, but the sampies should com
pietely cover the whole water column.
The sampiing depths should be chosen ac
cording to the type of lake, and five depth
intervais should he sampled in each case. The
sampling intervais are 0-1, 1-2, 2-3 and 3-4 m,
or otherwise spanning the epilimnion, plus a
column sample extending down into hypo
limnion, to 1 m above the bottom. When the
Iowest sample is taken, incorporation ofbottom
sediment must he avoided. Sampies are taken at
two sites, and sampies from the same depths are
pooled in darkened plastic containers. To avoid
unnecessarily large volumes from the lowermost
sample column, known aiiquots from sample
water can he collected in the container.
Subsamples for chlorophyll are taken from
containers in plastic botties (darkened, for in
stance, with biack adhesive fiim). The sampies
should he kept in crushed ice during transport.

Laboratory work
Chlorophyll sampies must he filtered on the
sampling day. (An absolute limit is the moming
of the following day, assuming that the sampies
have heen stored at +4°C.) The sampies (nor
2
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Eig. 2.Iube sampier (model Sormunen). The
sampier is closed by puiiing the rope.
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bath, the tubes are allowed to cool to room
temperature. If determination cannot continue
immediately, the sampies can be kept overnight
at +4°C and protected from iight. The absorb
ance of the centrifuged or filtered extract (glass
fibre fiiters) is measured spectrophotometri
caliy at 665 and 750 nm. The blanks are meas
ured with 94% ethanol.
The bacteriochiorophylls of autotrophic bac
teria may absorb at 665 nm, thus causing high
chlorophyll values in some anoxic waters
(Takahashi & Ichimura 1970), even though
chiorophyll a may not be present. The possible
presence of bacteriochlorophyll in anoxic wa
ters shouid be checked by plotting the absorp
tion spectrum of the sample.
Chlorophyli results may also be affected by
phaeopigments. To detect such interference,
additionai absorbance measurements of acidi
fied subsamples may he made. The absorbance
ratio of non-acidifiedlacidified sampies is 1.7
for pure chlorophyii a sampies at 665 nm and
lower for sampies affected by phaeopigments
(Wintermans & DeMots 1965, Lorenzen 1967,
Edier 1979).
Fiitered water and extractant volumes and
cuvette iength shouid he seiected so as to obtain
665 nm absorbance readings in the range of
0.005 0.8.
-

Sources of error
Chlorophyll is sensitive to both iight and tem
perature, and this should he kept in mmd at ali
phases of the work. Slow disintegration wiii
take piace even on frozen fiiters. The turhidity
of the extract wiil bias the results, so the absorb
ance reading at 750 nm shouid not exceed 0.01
with a 10 mm cuvette.

Calculation and expression of the
results
The chlorophyii concentration of the sample is
calculated with the formula:

vi x io
Clii

=

(A665 A750)
-

V2x1x83.4

where:
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Chi
V1
A665
A750
83.4
V2
1

=
=

=
=

=
=

chlorophyii a concentration of the sam
pie, mg m3
ethanoi voiume, mi
sample absorbance at 665 nm (absorp
tion maximum of chiorophyli a)
absorbance at 750 nm (turhidity)
constant; absorptioncoefficientofchlo
rophyll a in 94% ethanoi
sampie voiume filtered, 1
cuvette iength, cm

The results are expressed as mg m3 (for each
depth zone) and mg m2 (mntegrated for the entire
water column). The depth of the water column
must he given in connection with the integrated
value.

3.3 PHYTOPLANKTON FLORA
AND BIOMASS
Introduction
The biomasses of phytoplankton species (>2
jim) are determined by counting their numbers
and measuring their ceii voiumes. The algal
voiume is converted to biomass by assuming the
specific density of the ceils to be equai to that of
water, i.e. 1.0 g cm-3.
The species composition of phytoplankton
is greatiy dependent on the physical and chemi
cal characteristics of the water. Thus, the fiora
and changes therein are sensitive indicators of
both short-term changes and the general state of
the environment. Because of the naturaily rapid
succession ofphytoplankton assembiages, short
intervai sampiing throughout the year is needed
to obtain information that can he reiiabiy reiated
to changes in physical and chemical parameters.
Both autotrophic and mixotrophic species
are inciuded in phytoplankton, whereas ali
heterotrophic forms are included in the Proto
zoan. The distinctive criterion between these
two groups is the presence of chloropiasts in the
former group. Blue-green aigae, or cyanobacte
ria, are inciuded in phytoplankton (not bacteria)
in this context.

Field work
Subsampies for the counting of phytoplankton
are taken from the same pooied sampies as for
chiorophyii sampies (see section 3.2). They are

taken in 220-250 ml glass botties, on which the
200 ml volume level is marked so that any
evaporation during storage can he detected.
Botties with self-sealing plastic screw caps are
preferred. The sample is fixed with acid Lugol’ s
solution, 1 ml of which is added to the flask
immediately after sampling.
Live sampies used for qualitative species
identification are taken with a 10 jim plankton
net by vertical hauls through the water column
(starting depth: 1 m above bottom) or, if neces
sary, as stratified sampies by first collecting
water in a container and sieving it through the
net (for this procedure, see zooplankton sam
pling, Ch. 5). Live sampies are taken to the
laboratory in thermos flasks or in an insulated
box and stored in a cool place ( 8C). Live
sampies must he examined within two days of
sampling.
Diatom and dry siide sampies are taken in
the same manner as live sampies and stored with
Lugol’s solution (0.5% of the sample volume).
Altematively, they can he taken without the
plankton net as pooled sampies (e.g. 1 litre)
from the same waters as the phytoplankton
biomass sampies. In this case, the algae must he
concentrated by allowing them to settle for
several days and removing excess water.

Lugol’s solution
The acid Lugol’ s solution is prepared according
to the following formula:
20 g potassium iodide
200 ml distiiied water
10 g iodine
20 ml conc. acetic acid
The potassium iodide and then the iodine are
dissolved in the water and acetic acid is added.
The ready solution is stored in dark giass botties
in a refrigerator.

Sample storage
Phytoplankton sampies must be stored in a dark,
cooi piace (<+8°C). During storage, the sam
pies shouid he checked regularly so that any
losses of sample volume or fixative can he
corrected. If the sampie colour fades, Lugoi’s
solution must be added. For the detection of
coiour change, clear glass botties are better than
brown ones. The storage time before microscopy

shouid not exceed one year.
After the sampies have been counted accord
ing to the monitoring protocol, the remaining
sampies from each sampling are pooied, by
transferring an equai volume (e.g. 40 ml) of
each depth into a bottie. These sampies must
he stored for at ieast five years, and they should
be avaiiabie for intercaiibration and other such
purposes.

Species enumeration and biomass
determination
Microscopic enumeration ofphytopiankton shail
he entrusted only to a person well experienced
in this speciai task. Continuity is also desirabie,
so the same person shouid perform the task for
as iong as possihle.
The phytoplankton sampie is thoroughiy
shaken, and some of it is poured into a settling
chamber (Utermöhi 1958). After settiing, the
upper cyiinder is removed and the sampie in the
iower part is examined with an inverted micro
scope.
If the sampies contain aigal species that are
unsuitahly dark coloured by Lugol’s solution,
these may be cleared by 0.1 N sodium
thiosulphate. Thiosulphate solution is added to
the sample just before settling and only the
minimum amount necessary for coiour change
in the sampie should he used. A more diiuted
Lugol’s solution couid adverseiy affect storage
of the sampies.
The 50 mi chamber is generaily suitahle for
natural lakes, but the volume can he chosen
according to the density ofphytoplankton. Pref
erabiy only one chamber size should he used for
ali sampies from a given lake, because the
sample size may affect the results to some
extent. The sampies must he stabilized to room
temperature before settling, and the tempera
ture shouid remain constant during the settiing
time (at ieast 24 h, in darkness). Before the
cyiinder is removed, some drops of water should
he piaced on the cuvette piate in order to prevent
air hubbies from entering the chamber. Any
underpressure in the chamber may he balanced
hy carefuiiy opening the upper iid, by siiding it
sideways and then ciosing before the cyiinder is
removed. The sample should he examined on
the same day. If the microscopic examination is
delayed, the sampie shouid he stored in a cool,
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moist place to prevent the formation of air
bubbles.
Some algae may remain floating in the wa
ter. In such cases a few drops of detergent (e.g.
dish-washing medium) may be added to the
water and the sample allowed to settle for two
days. Ultrasonication may he performed in an
effort to make blue-green algae sink, but the
colonies easily break apart in this treatment.
Because the detergent and ultrasonic treatments
may he harmful to some algae, parallel un
treated sampies should always be counted for
comparison.
Microscopic counting is done with an in
verted microscope using phase-contrast optics.
Alower magnification (100 to 200x) is used for
large but rather scarce species, and the whole
sample should he screened. A higher magnifi
cation (400 to 600x) is used for abundant spe
cies and species that would he difficult to recog
nize with the low magnification; these are
counted along two transects crossing the centre
of the counting area at right angies. The width of
the transect to he covered is usually equal to the
diameter of the field of vision, but a narrower
transect may he used with the aid of a suitahle
ocular grid. Ali observed species should be
identified if possihle. Each species is enumer
ated only once, in one or other of the magnifica
tions.
The average cell dimensions of each
phytoplankton species should he measured with
the aid ofa calibrated ocular scale. The specific
volumes should he calculated in accordance
with Edier (1979) and Willdn & Tikkanen (1992,
p. 32).
In addition to phytoplankton, Protozoa are
aiso enumerated in the same transects, but their
numbers are treated separately from the
phytoplankton counts (cf. section 5.1). If there
is any doubt as to whether a particular taxon
should he included in phytoplankton or not, the
presence or absence of chloroplasts should he
checked by epiftuorescence microscopy.
Autofluorescence can often be detected in re
cently fixed sampies, but live samples are to he
preferred.

Biomass calculation
The total biovolume of a single species is calcu
lated with the formula:
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A1 x v
B

=nx

A2xVx iO
where:
B

=

n

=
=
=

v

=

V

=

biovolume of the species per unit vol
ume of water, mm3 m3; as converted to
fresh weight biomass, mg m3
observed number of counting units
settling chamber area, mm2
counted area, mm2
average counting unit volume of the
species, Jim3

sampie volume settled in the chamber,
ml

The biomass ofa single species is expressed
as mg m3 and the total phytoplankton biomass
as g m3. The integrated total biomass of the
water column is expressed as g m2, and the
water column height must he given together
with the integrated value.

Permanent siides
The slide preparations will remain as permanent
documentation of the fiora. Mounted siides are
necessary for proper identification of diatoms
and certain scaied species.

Diatom siides
Diatoms may he concentrated by centrifuging
sample water in a conical tube. After the water
has been decanted off, organic matter is de
stroyed by boiiing in 65% nitric acid. This can
he made with a Bunsen-burner (in a ventilated
cupboard, avoiding excessive heating!), until
the brown exhaust fume turns white. The con
centrated acid is diluted by adding distilled
water, and the sample is then centrifuged and
decanted. This is repeated three times to rinse
the acid away. Finally, a suitable amount of the
white residue, mainly consisting of diatom
frustules, is pipetted onto a coverslip and al
lowed to dry in a draught-Iess, dust-free place.
The coverslip is then mounted on a slide with a
.suitable mounting medium, e.g. Hyrax.
Dry siides
A small quantity of concentrated sampie is
pipetted onto a coverslip, and the moisture is

allowed to evaporate. The coverslip is then
heated, with the sample upwards, on an electric
piate und! the organic matter has oxidized and
the residue turned white. The coverslip is then
glued, sample downwards, and at the sides only,
onto a siide so that it remains slightly elevated;
no mounting medium is applied.

Photographic documentation of
phytoplankton
Algae may he photographed using a special
microscope camera, or an ordinary camera
equipped with microscope adapter. Colour siides
are preferable, but black-and-white fiim should
aiso he used because it has a longer life time.
Live sampies, in particular, may also he filmed
on video.
Ali the species observed during the sampling
year should he photographed at the appropriate
magnification in the settled sampies, diatom or
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dry siides or live sampies (preferably several
exposures of each species). Species that are
difficult to identify, have taxonomic interest or
significant morphological variability, should he
particuiarly carefully documented. Photogra
phy is an indispensahle component of electron
microscopic work.
Digital image-processing technology will
offer almost unlimited potential for storage and
treatment of photographic material. Digitized
pictures are readily availahle for inspection on
the computer screen, appropriate filing systems
will allow convenient and rapid management of
large picture lihraries, and other information
can he added to the video pictures (sample code,
magnification, etc.). Digitized images are easy
to distribute via the telephone network. The
rapid development of these technologies will
enahle effective documentation of biological
materiais in the Integrated Monitoring and will
diminish the need for storage of sampies.
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4 B acterioplankton

4.1 BACTERIAL DENSITY AND
BIOMASS
Introduction
Bacteria are largely responsihle for mineraliza
tion of organic matter in waters. As their activity
is affected by e.g. acidification and eutrophi
cation, they are useful indicators of environ
mental change. In the Integrated Monitoring
bacteria are counted using epifluorescence
microscopy after staining with acriflavine
(Bergström & at. 1986) or DAPI (Potter & Feig
1980).

Field work
No separate bacterial sampies are taken in the
field; instead bacteria are to be determined from
phytopiankton sampies. Thus, sampling sites
and sample depths are the same as for
phytoplankton sampies (Tahle 1 and sections
3.2-3.3).
In case of acriflavine staining Lugol’s solu
tion can be used as a preservative. However,
with certain other stains, brown coiour of Lugol’ s
solution may affect the fluorescence. In such
cases, colour can he removed by adding 0.1 N
sodium thiosulphate to the sample before mak
ing the preparation (Pomroy 1984, cf. section
3.3). Instead of Lugol’s solution, the bacteria
can he preserved in giutaraidehyde, though this
is harmful to health and is thus not recom
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mended. If giutaraidehyde is used, the bacterial
sampies should he taken in the field separately
in small giass botties (e.g. 25 ml) and preserved
in 1% giutaraidehyde (taking into account the
concentration in the stock solution).

Laboratory work
The staining solution is prepared by dissolving
260 mg of acriflavine into 100 ml of distilled or
deionized water. Water used for preparing the
solutions, for rinsing or for dilution should be
free of bacteria and is therefore fittered through
0.2 jim cellulose ester or equivalent filter.
Before fiitering bacteria sample the funnel
should first he rinsed with distilled or deionized
water. To ensure equal flow over the whole
filtering surface, a glass-fibre filter is used on
the support piate of the fiitration unit. A black
polycarbonate filter (0 25 mm, pore size ca.
0.45 jim) is piaced on the glass-fibre filter, and
5 ml of distilied or deionized water is injected
into the funnel; this is done to avoid significant
relative differences in the depth of water col
umn between the centre and margins of the
filters because of the surface tension. Then
(typicaiiy), 1 mi of sampie is added and water is
filtered with a low vacuum (<20 kPa). Near the
end of the filtering, without interrupting the
suction, the funnel is rinsed with 2 ml of water.
Immediately after ali the water has gone through,
about 1 ml of acriflavine is injected onto the
filter. This is done through a 0.2 jim disposable

filter to avoid bacterial contamination. The
vacuum is then released and the bacteria are
stained for about 10 minutes. Next, the vacuum
is switched on, and, once the filter is dry, it is
carefully removed with forceps. The vacuum is
released only after removing the filter, thus
minimizing the amount of stain Ieft on the fiiter.
The dried filter is placed on a microscope
siide. One drop of immersion oil is placed in the
centre, and the sample is covered with a coverslip.
The siides must he stored in darkness and they
will remain suitable for microscopy for several
days. If, however, the sampies have to be stored
for long periods, the persistence of the fluores
cence must he tested in advance.
Bacteria are enumerated and measured by
epifluorescence microscopy at 1000-1200x
magnification. An oil-immersion objective with
a 90-lllxmagnification and a numerical aper
ture of at Ieast 1.25 shouid he available for the
microscopy.
An ocuiar grid is used for the counting, with
10 to 20 visual fields randomly chosen on the
siide. The baeteria are counted in a constant
number of grid squares in each of the fields. An
optimum count is 10-20 celis per fieid. The
volume of at ieast 50 randomiy chosen bacteria
are measured on each siide. An ocular grid
containing different-sized circies may he a use
ful aid for measurement purposes.
It is possible to substitute computerized im
age analysis for manual enumeration of bacte
ria. Besides saving time, the automated proce
dure wiil eliminate the subjective aspect of the
analysis. Among the majorprerequisites for the
image analysis of bacteria, however, ase aigo
rithms which produce cell sizes independent of
fluorescence brightness.

Sources of error
Extemai bacteria contamination must he avoided
at ali stages of the work. This must he checked
each time with blank siides, made by repeating
ali the steps in the filtering procedure, except
that no sample water is added.

Calculation and presentation of
results
Bacteriai density in water is calculated with the
equation:

n
T

=

A7

V

where:
Tb
A1
A2

=
=
=

n

=

V

=

bacteriai density, celis mi-1
filter surface area, mm2
totai area of microscopicaily enurner
ated squares, mm2
counted number of bacteria
fiitered sampie volume, mi

Total volume and biomass of bacteria is calcu
iated with the equation:
Bb

=

TbxvxlO3

where:
Bb

=

v

=

totai volume of bacteria per unit volume
of water. mm3 rrr3 ; or mg m3 as fresh
weight biomass,
mean ceil volume, Im3

The bacteriai density of each sample is ex
pressed as ceiis per mi and their biomass as
mg m3. The integrated bacterial biomass of the
water column is given as mg m* For this
purpose, the height of the water column must
also be indicated.

4.2 DECOMPOSITTON
Dark fixation of inorganic carbon
As heterotrophic bacteria take part of their car
bon in inorganic form, dark fixation of carbon is
an indicator of bacterial activity.
Inorganic carbon dark fixation is determined
aiong with the primary production measure
ment, by in situ incubation of dark botties with
radiocarbon as tracer (section 3.1). Light expo
sure of the dark fixation sampies is to be mmi
mized at ali stages of the work. ‘tC dark fixation
values are aiso needed in the determination of
primary production.
Inorganic carbon dark fixation is calculated
with the formula:
R-Rk
C

= 1.O5xC1x
Rt-Rk
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Where:
=

1.05
C1

=

R

=

Rk

=

R

=

=

carbon dark fixation, mg C m3
rejection coefficient for radiocarbon
inorganic carbon concentration of the
sample, mg m3
radioactivity of the darkened sample,
dpmorBq
mean activity of the two dark control
sampies (at surface and lowermost
depths; dpm or Bq)
radioactivity added to the sample, dpm
or Bq (average of two determinations,
calcuiated to the same sample volume
as
and 1k)

The results are expressed as mg Cm-3 d’ (for
each depth) and mg Cm-2 d’ (water coiumn); for
the integrated value, the height of the column is
also to he given.

Respiration
Respiration is the catabolic process counteract
ing primary production. The rate of respiration
is determined in connection with the determina
tion of primary production as either an increase
in dissolved inorganic carbon (e.g. Salonen
1981) or consumption of oxygen in darkness
(e.g. Väätänen 1979, Kuparinen 1987). The
sampling depths and incubation time are the
same as in the determination of primary produc
tion. At least four replicate sampies are taken
from each depth; two sampies are used to deter
mine initial concentrations, whule the other sam
pies are darkened and incubated in situ.
Hypolimnetic respiration can roughly be esti
mated from the accumulation of DIC or de
crease of 02 during stagnation periods.

Carbon method
The dissoived inorganic carbon (DIC) method
is feasible only if the laboratory is equipped
with a precise carbon analyzer (standard devia
tion of results <1% of the mean). The DIC
method is ideal for waters with Iow concentra
tions (< 2 g m3) of DIC, because then the
relative difference between the final and initial
concentrations of DIC is larger making the
respiration estimates more exact. Otherwise,
the oxygen method should be used (see below).
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DIC sampies are to he taken from the sampie
container before ali other sampies. Sampies for
the determination of the initial concentration
and for the incubation in lake are taken simulta
neous)y through a splitter into 25 ml giass
stoppered botties of known volume. When the
botties are fflled, at least twice the bottle volume
is allowed to flow over the brim, and no airspace
should he left after stoppering. The bottle to be
incubated must he darkened immediately.
The sampies for the determination of initiai
concentration ofDIC are to he packed in crushed
ice and protected from light for transport to the
laboratory, where the concentration of DIC
should he immediately measured. This proce
dure is repeated the next day for the incubated
sampies.
To ensure maximum reproducibility in the
injection of sampies into the carbon anaiyzer,
the botties are warmed to + 20°C in a water bath
immediately before the determination. The bot
ties should be kept in the bath only the time
required to reach the wanted temperature. Five
replicates of each sample are injected and their
median value is recorded.
Respiration is calculated as the difference
between the final and initial concentrations, and
is expressed as mg Cm-3 d-’ (for each depth) and
as mg C m2 d1 (for the water column); water
column height is to he indicated for the latter
value.

Oxygen method
Oxygen concentration is determined by a modi
fied Winkler titration procedure. This method is
applicable to waters that contain no excessive
amounts of reducing or oxidizing compounds.
It should he preferred over the DIC method
when the inorganic carbon concentration is more
than 2 g m3.
The reagents are prepared according to stand
ard methods (e.g. American Public Heaith Or
ganization 1971). The sampling procedure is
similar to that described above for the DIC
method.
After the botties have been filled (or after
incubation, as appropriate), the reagents 1 mi
of manganese(II) sulphate (or manganese(II)
chloride) solution and 1 mi of alkaline iodide
solution are injected into the botties below the
water surface. The temperatures of the sampies
shouid not change before the reagent is added.
-

-

After the reagents have been added, the sample
bottle is stoppered and the contents mixed by
turning it upside down a few times. The sample
is stored in darkness until the oxygen determi
nation continues in the laboratory.
Before titration, 1 ml of phosphoric acid is
added to the bottle, and, after reclosing, it is
turned up and down until the precipitate is
dissolved. The determination must he finished
within 45 minutes of adding the acid.
The titration is done directly in the sample
bottle. If necessary, small volume can he taken
out from the bottle to make space for thiosulphate
titrant. In such case an appropriate multiplica
tion factor (original volume/titration volume)
should he applied in the calculation formula. In
the titration sodium thiosulphate solution is
added to the bottle until the colour turns yellow
ish brown. Then about five drops of starch
solution are added, and the titration is continued
until the blue colour disappears for the first
time. A precision burette, in which the sodium
thiosulphate consumption can be read to an
accuracy ofat least 0.01 ml, is to be used.
Amperometric, potentiometric, orphotomet
ric titration may also be applied. The precision

of the oxygen determination should he about
0.1 percent.
The oxygen concentration of the sample is
calculated with the formula:
p

=

8000xaxvx(V—2)1

where:
P

=

a

=

v

=

V

=

dissolved oxygen in the sample water,
g m3,
concentration ofthe sodium thiosulphate
solution, mol 1-1,
volume of the sodium thiosulphate so
lution consumed, ml,
volume of the sample bottle, ml (the 2
ml overflow caused by reagent addition
is subtracted from this).

Respiration is calculated as the difference
between initial and final concentrations, and is
expressed as mg °2 m3 d-’ (discrete depths), and
as mg 0, m2 d-’ (water column; the thickness of
the watr column investigated is to be given in
connection with the integrated value).
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5 Zooplankton

Zooplankton is a sensitive indicator of envi
ronmental change (e.g. acidification). As
zooplankton is grazing on phytoplankton, moni
toring is also warranted for proper interpreta
tion of changes in the phytoplankton. For prac
tical reasons, zooplankton is divided into proto
zoan and other zooplankton. The Integrated
Monitoring focuses mainly on the latter group.
Proper study of protozoan plankton would in
volve special expertise and considerable re
sources. In the Integrated Monitoring,
zooplankton (excl. Protozoa) are sampled from
different depths and concentrated with a plank
ton net.

5.1 PROTOZOAN PLANKTON
The term protozoan plankton refers to
heterotrophic, microscopic eucaryotic organ
isms that are usually solitary, but sometimes
occur in colonies. The criteria for distinguish
ing between phytoplankton and protozoan plank
ton are given in section 3.3.
Protozoan plankton is not monitored in the
proper sense; nevertheless, major changes in
the species composition and biomass thereof
are noted. Protozoans encountered in the
phytoplankton counting transects are identified
as far as possible (e.g. Kahi 1930-1935, Lee et
al. 1985), photographedandtheirvolumemeas
ured (cf. section 3.3). Some of the Protozoa may
he difficult to identify even at the generic level.
The unidentified ones are measured, grouped
into size classes, and their volumes included in
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the total protozoan biomass. The results are
expressed as the density of individuals (md. m3)
and as fresh-weight biomasses (mg m-3). Be
cause large protozoans may appear quite ran
domly on the counting transects, the results
should he considered merely indicative.

5.2 ZOOPLANKTON
(EXCLUDING PROTOZOA)
Field work
Zooplankton sampies are taken from the pooled
sampies as described in section 3.2. After the
other sampies (chlorophyll, phytoplankton,
bacterioplankton and protozoan plankton) have
been extracted, the remaining water (ca. 11-12
1 for each 1-m sequence) is taken as the
zooplankton sample. Thus the total sample vol
ume at each sampling is 55-60 1. The water is
poured through a conical 50 jim mesh plankton
net, provided with an outlet tap at the end. After
the retained zooplankton has been transferred to
a 250 ml sample bottle, the inside of the net is
rinsed with filtered (25 jim) water from a wash
bottle, and any remaining animais are also trans
ferred to the bottle. Sampies are preserved with
formaidehyde (final concentration 4%).
for carbon biomass determination, a sepa
rate water column sample is taken with a 50 jim
plankton net at one sampling site. The net is
lowered to 1 m above bottom and then lifted to
the surface at an even pace. It is emptied into a
250 ml plastic bottle. If necessary, additional

hauls may he taken to ohtain enough animais.
This sample is brought into the laboratory, main
taining the original temperature as closely as
possihle. The sample is fixed with formaide
hyde (4% of water volume) and divided into 3 or
more suhsamples which are frozen immediately
at -20C (Salonen & Sarvala 1985). Smaller
subsamples allow more immediate carbon de
termination after thawing.
In addition to the above samples, taking live
samples from the whole column is recommended
for qualitative observation. Live samples are
transported to the laboratory in thermos flasks
or in an insulated box and stored in a cool place
(8°C) until they can he examined (within two
days of sampling).
In wintertime, zooplankton densities may he
affected by changes in the illumination under
the ice due to sampling procedure. Sampling
should therefore he performed at an untouched
site and as soon as possihle after making the
sample holes in the ice.

Laboratory work
The counting of each species is done separately
for each depth interval sampled. For the pur
poses of microscopy, each sample is divided
into two fractions by sieving it through a 200 jim
mesh sieve. The largerfraction, i.e. thatretained
by the sieve, is washed into a sample jar and
stored in 4% formaidehyde. The <200 jim fil
trate is divided into subsamples by pouring
equal quantities (e.g. 30 ml at a time) from the
sample jar into 3 to 5 subsample jars. The
sample should he thoroughly mixed immedi
ately before each pouring. This is repeated, e.g.
five times. Each subsample should contain at
least 100 individuals. The <200 jim fraction
subsamples are counted with an inverted micro
scope by screening the entire cuvette area (cf.
phytoplankton count, section 3.3). Each species
is enumerated only from a number ofsubsamples
permitting a sufficient count, i.e. 50 to 100
specimens. The large-sized species (>200 jim)
are counted from the sieving residue with a
dissecting microscope. The entire fraction should
usually he analyzed; splitting, if warranted, is
done in the same manner as for the small frac

tion. In addition to the adults, eggs (md. at
tached) and other juvenile stages are enumer
ated. Within each species, different size-classes
and morphs are counted separately.
Permanent slides are made of the samples as
needed for documentation and further investi
gations by mounting the specimens in a water
soluble mountant. The remaining samples are to
he stored for at least five years and kept avail
able for interested parties. Zooplankton is docu
mented by photography and video in the same
manner as phytoplankton.
Biomass is determined preferably as carbon
content. Altematively, dry-weight determina
tion may he used. Dry weight is converted to
carbon by assuming that the carbon content is
50% of (ash-free) dry weight. Biomass determi
nation should focus primarily on crustacean
species.
For carbon determination, the frozen
subsamples are thawed, and a definite number
ofindividuals of each species (at least 30 md. of
dominant species) is selected atrandom. Biomass
values for each discrete depth are calculated
from species counts and the species-specific
mean carbon content.
It is impossihle to achieve direct biomass
measurements for each species. Thus, earlier
regressions for lengthlcarbon or biomass/car
bon, obtained for the study lake or for other
lakes, may he needed. The carbon contents of
crustaceans and large Rotatoria (>0.5 jig C)
should he determined at least monthly; those of
other organisms are determined as resources
permit.

$ources of error
Large species may escape the sampier, thus
resulting in unduly low biomass values.

Expression of results
Individual densities are expressed as md. [1 and
biomass as mg C m. For the entire water
column, the respective values are md. m2 and
mg C m2; the water column height should he
indicated in connection with the integrated vai
ues.
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6 Äquatic. macrophytes

Submersed and floating-leaved plants, helo
phytes and in general plants found in water
and visible to the naked eye are considered
aquatic macrophytes. Study of them wilI pro
vide information on the quality of the water
body and its littoral bottoms. Macrophytes react
to changes in the environment, but generally
more slowly than pianktonic aigae. Thus, they
will indicate long-term, cumulative changes in
the aquatic system.
Aquatic macrophyte study consists of aerial
photographic mapping complemented with field
investigations and monitoring of permanent
vegetation transects. Aerial photographs give
an overview of the lake’s vegetation and also
serve the purpose of documentation. Transect
monitoring provides more detailed and precise
data on the vegetation.
—

—

6.1 AERIAL AND FIELD
MAPPING OF VEGETATION
Aerial photography, documenting the occur
renee and extent of macrophyte stands, should
he done every sixth year (preferahly the same
year on ali lakes in nearby areas). The recom
mended time is between mid-July and the end of
August, when the stands are at their densest.
Preferahly a customized aeroplane, from
which vertical photos can he taken through an
aperture in the bottom of the fuseiage, should he
used, though oblique photos taken through the
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aeroplane window are also useful. The photo
graphs should he taken at noon, when long
shadows wiil not hamper their interpretation.
The stands of different species are distin
guished by their specific shades of colour. There
fore, colour slide fiim should he prefened, and
black-and-white film used only as complemen
tary materiai. false-colour images should also
he taken, as the se may reveal vegetation and site
differences that would not otherwise he visihle.
If possible, a stereo-image camera should be
used; stereo pairs will greatly aid interpretation
of the vegetation. The flying elevation and the
focal length of the camera should be known, as
this information wili enahle image-reduction
catculation; the scale of the image on film
should he approximately 1:10000.
A field study of the area is necessaiy for the
correct identification of plants. The entire area
to he mapped (including submersed vegetation)
must be investigated. In the field, the species,
the borders of their stands and other information
(bottom type, etc.), are to he marked on a sketch
map based on the aerial photos taken previ
ously. As soon as possible after the fieldwork, a
final version of the vegetation map should he
compiled, always using the same symbols for
the different species and stands. The vegetation
stands are numbered on the map, and an ex
pianatory list describing the characteristic fea
tures of each numbered stand is provided.

6.2 PERMANENT VEGETATION
TRANSECTS
A few permanent transects, to he studied every
third year, should he established at each lake.
The number of transects needed depends on the
surface area and length of shoreline of the lake,
and can he estimated with the following formula
(Jensen 1977):
0.20 km2:

1. lake area

LSA
NPA =Cx

where:
x LA

LA•LAmi

mj

Table 3. Size classification of lakes for the
deterrnination of macrophyte transect num
bers (Jensen 1977). LA = lake area, ‘mj =
minimum number of transects for each size
class.
$ize
class

LA
(km2)

‘mj

1-11
III
IV
V
VI
VII
VIII
IX
X
XI

<0.20
0.20 -0.39
0.40 -0.79
0.80 -1.59
1.60 -3.19
3.20 -6.39
6.40 -12.79
12.80 -25.59
25.60 -51.19
51.20 -102.39

2
2
4
6
8
10
12
14
16
1$

+

2

2. lake area

<

LAmj

0.20 km2:
LSA

NPA=
x LA

where:
NPA

=

LSA
LA
‘mj

=

LAmj

=
=

total number of transects required
(rounded to nearest integer)
length of the shoreline, km
lake area, km2
least number of transects required for
lakes in the particular size-class
(Table 3)
Iower limit of the size class allotted to
the lake (e.g. 0.20km2 in the size-class
III; Table 3)

The transects should represent the range of
bottom and vegetation types encountered in the
lake. A transect should start either at the mean
water level mark or at the Iandward margin of a
distinct vegetation stand, and it should he ex
tended at right angies to the shoreline as far out
as macrophytes occur on the bottom. A transect
can he extended to the opposite shore, particu

larly in shallow lakes where macrophytes are
present throughout. A transect crossing from
shore to shore equals two transects in the above
formula.
Each transect should he defined with fixed
points: conspicuous trees, stones, etc. on oppo
site shores marking the imaginary transect across
the lake. The distance between the starting
point and the nearhy fixed point should be
known (the fixed point itself may he the starting
point). The actual starting and end points of the
transect should also he marked with posts driven
into the soil or bottom; furthermore, a compass
reading of the precise direction of the transect
should he taken. In small lakes where ice move
ments are negiigihle, additional posts, e.g. at 10
m intervais, may he used as markers. Each
transect must he carefully documented.
When analyzing the transect, a string marked
at one-metre intervals shou}d he drawn between
the end-posts (the string should he of a quality
that does not stretch or shrink in water). Con
tiguous one-metre squares are examined along
the transect (their breadth may bejudged visu
ally) and from each square the species present,
water depth, bottom quality and other observa
tions (e.g. fertility of the plants) are recorded.
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At the deep end, an underwater inspection tube
may he used or divers sent down as necessary.
Biomass determination is done on evenly
spaced squares aiong the transect, or outside it
if necessary to avoid long-term wear on the
vegetation. Depending on the vegetation struc
ture, the squares may he taken at every five or
ten metres; additionai squares may he needed to
obtain representation of ali vegetation patches
crossed by the transect. Ali above-ground
phytomass is removed from a selected area (e.g.
0.5 x 0.5 m). Biomass samples of submersed
species are taken either with a iong-handied
cutter or by diving.
For fresh-weight determination, the plants
should not he superficialiy wet. For dry-weight
determination, a subsampie of the fresh sample
wiil usually suffice. Dry weight is determined
after 24 h drying at 105°C.
In one-species stands, the biomass can he
determined by counting the shoot density on 50
100 evenly spaced squares (0.5 x 0.5 m). Aito
gether 50 to 100 individuai shoots are randomly
selected and sampled from the stand; their fresh
-
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weight is determined, e.g. in bunches at 20
shoots each; one such bunch wiil suffice for
dry-weight determination. The above-ground
hiomass in the stand may then he calculated by
multiplying the average shoot density by the
average shoot biomass.
In connection with the field mapping and
transect analyses, herbanum sampies of plant
specimens are aiso to he taken. In addition,
sampies of macroscopic algae shouid he col
lected and preserved in formaldehyde (finai
concentration of formaidehyde 2% ofvolume).

Presentation of results
For each transect, the frequency of occurrence
of each species in the 1 m2 squares is given
(percentage of the total of those squares in
which the species was present). The biomass is
expressed as g m2 (average dry mass of each
species stand). The extent of each stand shouid
be measured and their total biomasses esti
mated on the basis of the aerial photos and fieid
mapping.

7 Zoobenthos

Introduction

Field work

Zoobenthos or bottom-dwelling animais are
indicative of conditions prevailing on the bot
tom and in adjacent water mass. Profundal
benthic conditions may he thoroughly altered
by eutrophication, which increases the amount
of decomposing organic matter and can thus
lead to oxygen deficiency. In the littoral zone,
vegetation is a key factor determining
zoobenthos composition.
In the Integrated Monitoring, both profundal
and littoral zoobenthos are followed (ISO 198$,
Meriläinen 1984, Meriläinen & Hynynen 1990).
The monitoring is restricted to macrofauna,
which for practical purposes is defined as ani
mais retained by a 0.5 mm mesh sieve.
Profundal sampies are taken quantitatively
with an Ekman grab. Littoral benthos is sam
pled with a hand net, which is not a quantitative
method but will give a good representation of
the species composition of the fauna.

Profundal

S ampling frequency
Both profundal and littoral sampies are taken
after the ice melts in the spring (not later than
end of May), and in September-November.

For profundal benthos sampling, a representa
tive bottom site should he chosen; not necessar
ily the deepest part of the lake if this is limited
in area, but rather a relatively piain deep area
with a reasonahly homogeneous bottom qual
ity. A circle at Ieast 20 m in diameter is estab
lished as the henthos sampling site, and its
centre is marked with a float. The proper size for
a representative area should be judged by the
lake area and bottom morphology.
Sampies are taken randomly along the pe
rimeter of the defined circle. Compass direc
tions, with the site centre as origin, are drawn
randomly for five sampling points on the perim
eter. The sampling points are determined in the
field with the aid of a rope attached to the float
and equal in length to the chosen circle radius.
The boat should be anchored while the sampling
is being done. In practice, some deviation must
he allowed in the radial direction, so the actual
sampling area is a circular 2-4 m broad beit.
The bottom at the sampling site should he
soft enough to allow quantitative sampling with
the Ekman grab. On harder bottoms, the grab
may he operated with rods down to a depth of at
least 5 m. On excessively soft bottoms, a higher
grab than described below, or e.g. a tube sam
pier, should he used.
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The Ekman grab should have a box at least 250
mm in height, and the sampling area should be
at least 0.02 m2. The grab is lowered steadily
until bottom contact is made. After the mecha
nism is released, the sampier should be lifted
steadily from the bottom and it should immedi
ately he placed in a pail or above a sieve. The
quality of the sample is checked visually by
opening the upper Iids, and then the sampier
may be emptied into the pail or sieve. If the
sampier leaks during lifting, or if the sample is
otherwise disturbed, it shoWd he rejected. Ob
servations regarding sediment constitution, col
our, smell and other characteristics should be
recorded in the field.
The sieve mesh size should be 0.5 mm (this
is to he checked on a dissecting microscope with
an ocular grid), and it should have sides at least
150 mm in height. Each sample is sieved sepa
rately by moving the sieve in the water, with the
netjust below water surface. The sieving resi
due, including the animais, is rinsed with water
intoa sampiejar with a volume ofe.g. 500 ml.
Animais caught in the sieve mesh should he
removed with forceps, and the sieve then rinsed
clean. The sample is immediately preserved
with ethanol (final concentration ca. 70%).
If the deep zoobenthos sampling site appears
anoxic, a similar set of sampies should be taken
from a representative site in the oxic profundal.

typically continue for about one minute, during
which time a strip of about 2 m in length is
covered in the direction of the shoreline. In
deeper water, down to several meters, the sam
pling may he done from a boat using a long
handled sampier and stirring the sediment with
the frame of the net. Care must he taken not to
np the net.
When the net is lifted, the material is washed
down to the bottom of the hoop. The net is then
tumed inside out and the contents emptied into
a pail. Animais caught in the mesh are carefully
removed with forceps. The sample is sieved,
and the sieving residue transferred to one or
several sample jars (volume e.g. 0.5 1). The
sample is stored in ethanol (final concentration
ca. 70%). The net should he carefully rinsed
clean before the next sample is taken.
The Ekman grab may also be used for littoral
benthos sampies if the bottom is sufficiently
soft.

Littoral zone
Sampling sites are chosen from the vicinity of
macrophyte transects (not on the transects them
selves), so that the sites represent the same
vegetation and bottom types as the transects.
Littoral zoobenthos is sampled using a trian
gle-frame hoop net with a long handle (Fig. 3).
The handle should he marked in centimeters to
facilitate depth recording. The mesh size of the
nylon net hoop should he 0.5 mm.
At least one sample should be taken from
each vegetation zone, and sampling sites should
be chosen from areas of densest vegetation (not
at zone margins if only one sample for each
vegetation type is taken). In shallow water, the
sampling is best done by wading: while moving
slowly forward, the person taking the sampies
stirs the bottom with his feet and collects the
suspended material in the net, which should he
kept close to the stirred area and tilted above it.
For one sample, stirring and netting should
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30 cm

Fig. 3.Iriangle-frame hoop net for littoral zoo
benthos sampling.

Laboratory work
The sampies are stored in a dark place. During
storage the biomass of the animais changes. To
achieve good comparability between sampies,
the biomass determination should not be done
earlier than 1 month after sampling. The biomass
is determined as wet weight, because this allows
further storage of the material for taxonomic
analyses. For enumeration and weighing, the
animais are sorted by species or group into petri
dishes containing storage medium or pure wa
ter. To make the picking easier, the animais can
be stained with Bengal red, afew drops ofwhich
should be added to the sample jar at Ieast one
day earlier. The enumeration is done in connec
tion with the species identification.
Before weighing, the animais are kept in
pure water for 10 min. Grouped according to the
desired taxonomic precision, the animais are
first placed for a moment on filtering paper, and
then shifted onto a piece of preweighed alu
minium foil, which is slightly folded closed.

This foil bag with the animais in it is weighed at
an accuracy of 0.1 mg, and the fresh-weight
biomass is calculated by subtracting the foil
weight from the gross weight.
Permanent microscope siides are prepared
as necessary for species identification (e.g. of
heads of small Oligochaeta).
After ali animais are removed, the sieving
residue is discarded. The animais are stored in
tight-capped glass jars in 70% ethanol into
which giycerol is added (50 ml glycerol in 1000
ml of ethanol solution).

Expression of results
Of the quantitative sampies, the resuits for each
species are given as md. m2 and as g m2 (fixed
wet-weight biomass). The qualitative or
semiquantitative results of the littoral sampies
are indicated as individual numbers and biomass
values for each sample and as percentage pro
portions for each taxon.
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8 Fish

Introduction
Fish populations may react sensitively to envi
ronmental changes. A major probiem in fish
studies is that no singie method alone wiii give
a complete picture of the fish stock in a body of
water (Bagenal 1978). In the long run, compa
rable results will, however, be achieved by
repeating the fishing experiments the same way
each time.
In the Integated Monitoring, the fish com
munity structure, relative abundance propor
tions and growth rate of the species are moni
tored by test fishing. In addition, the population
structure of perch (Ferca fiuviatitis) is studied
by the mark-recapture method and its spawning
success is monitored (Rask 1983). Heavy metal
concentrations in fish are aiso monitored (Opti
mum programme, Table 2).

Test fishing
The lakes are netted every 2 years in August
(Table 2). A gili net series with mesh sizes of 12,
15, 20, 25, 30, 35, 45, 60 and 75 mm shouid be
used.
The netting experimentmust always he done
at the same sites, which are to he marked on
maps. A suitable number of netting sites (and
netting nights) is one for each ten hectares of
water. At each site, ali the nets should be kept in
the same depth zone, clearly either above or
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below the thermociine. Both the epiiimnion and
the hypolimnion of the pelagiai and the littoral
should be netted.
The nets ase to he set in the aftemoon and
lifted the next day after 14 to 16 hours. Obser
vations on weather, water quaiity and any siimy
growth on the nets should he recorded. The
count of each species and the total weight of the
catch are recorded. A random sample of (pref
erabiy) 100 specimens of each species present
in the catch is taken for body length (mm),
weight (g) as weIl as for age and growth deter
mination. The other fishes are only measured
(size interval 10 mm). Age is determined from
scaies for cyprinids and coregonids, from the
opercuium and scaies for perch, from the
cleithrum and metapterygoideum bones for pike
(Esox tucius) and from the otoiith for burbot
(Lota). The scaie sampies of the cyprinids are
extracted from between the tip of the pectorai
fin and the lateral line; those of whitefish and
vendace (Coregonus spp.) from between the
pelvic fins.

Mark-and-recapture
A known number of fish caught in the lake are
marked and released back into the lake. In a
subsequent catch, the proportion of marked
individuats wilI reveal what proportion of the
entire stock was marked in the initiai catch.
When this procedure is followed over a number

of years, the mortality and age distribution of
the fish can also he estimated.
The marking catch is done in the perch
spawning season (in spring). Metal net weirs
with a mesh size of 1/2 inches are placed evenly
along the littoral of the lake. The weirs are
examined daily for about two weeks. During the
catch, at least 10% of the lake’s perch popula
tion should he marked hy maldng a cut intoa fin.
The method of marking should he specific for
each year. During marking, the Iength of the fish
are recorded to an accuracy of 10 mm. The time
that the fish are exposed to air should he kept to
a minimum. After about 2 initial catching days,
which can be reserved solely for marldng, a
record should also be kept of marked (including
year of marking) and non-marked individuals.
At the end of the catching period, at least 100
specimens are weighed to establish the lengthl
weight relationship and hiomass of the popula
tion. Weighing at the end of the two-week study
period will reveal the population biomass after
spawning, i.e. without sexual products. The 1year age class is excluded from the 1/2 inch
mesh weir sampies.

Heavy metal determinations of fish, principally
pike and perch, are preferahly done in every
lake (Tahle 2).
Five specimens of pike, about 1 kg each (not
less than 0.6 kg), should he caught. A smaller
number may have to suffice if there is reason to
believe that the catch would significantly affect
the lake’s pike population. In the case ofperch,
two size-classes (about 20 g and 100 g) and five
specimens of each are sampled. The fish are
weighed and their length measured; they are
then wrapped in aluminium foil and deep-fro
zen in plastic bags classified as foodstuffpack
ing material. The selection of heavy metais to he
analyzed must he considered lake-specifically;
for the methods see e.g. Verta et al. (1990).

Echosounding

Fish diseases and fish kilis

Population densities of pelagial fish may he
estimated by echosounding. If feasihle, this
may be used as a complementary monitoring
method.

$ystematic monitoring of fish health is beyond
the scope of the Integrated Monitoring. How
ever, observations of fish diseases should he
recorded. Sampies of diseased fish should be
properly deep-frozen and forwarded to special
ists.
It is rather improbable that massive fish kilis
wllI occur in the lakes covered by the Integrated
Monitoring. If, however, fish kili is observed,
fish apparently dying but stili alive should he
collected for closer studies.

Spawning success
The mortality of perch roe is studied in the same
lakes as the mark-and-recapture method is ap
plied (Table 2). A sample of 300 to 500 eggs,
representing 10 roe strings, is collected imme
diately after spawning. The eggs are reared in
the lake at a depth of 0.5 min plastic boxes with
shadowing Iids and open sides, covered with
e.g. 1.0 mm mesh nylon net. Viahle and dead
eggs are enumerated on three occasions: first at
the beginning of the experiment and last slightly
before hatching (about 2 weeks from spawn
ing); the spawn must he kept fully immersed
even during counting. Another sample of 50 to
100 eggs, for establishing the fertilization per
centage of the roe, is brought to the laboratory in
lake water and allowed to develop at a tempera
ture of 10-15°C.

In addition to perch, the survival of pike roe
may he studied. Sampies of 50 to 100 eggs are
placed to each of four boxes made of plastic and
nylon net. These are incubated at a depth of
0.5 m. Mortality is monitored by a daily count
and removal of dead eggs.

Heavy metal analysis

Fish sample repository
The fish sample repository has been set up to
provide prolonged storage of sampies (for dec
ades) for eventual future needs, and facilitation
oflong-term quality control of the analyses. The
fish are stored deep-frozen. As the sampies will
require extensive storage space, the material to
he stored must he carefully selected. The mate
rial should include temporally representative
sampies of the major fish populations in the
monitored lakes; in addition, specific sampies
of potential future interest should he stored.
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9 Sedimentation

Introduction
Sedimented particulate matter in water consists
of autochthonous material produced in the lake
and of allochthonous material carried into the
lake from its drainage area and via atmospheric
transport. Sedimented matter is an important
energy source for profundal biota. The quantity
of organic matter depends on phytoplankton
production, for instance. Hypolimnetic anoxia
may resuit from excessive organic sedimenta
tion.
In the Integrated Monitoring, sedimented
matter is monitored quantitatively throughout
the year with sediment traps suspended in the
deepest part of the lake. The trap is a cylindrical
vessel, open at the top, in which matter collects.
Sediment is removed from the traps at regular
intervais. No preserving chemicals are used.

Sampling and laboratory work
Sediment traps are suspended 2 m above bot
tom. The height/diameter ratio of the collecting
cylinder should be at least 5:1, and the diameter
5 cm (Bloesch & Bums 1980). A vertical row
of small holes drilled in the side of the cylinder,
closed with stoppers during use, provides easy
removal of excess water during sampling.
The sampling assembly consists of the fol
Iowing components, connected with a rope:
surface float; submersed ftoat; sampling cylin
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der in its frame; anchor (Fig. 4). The submersed
iloat must he big enough to keep the sampier
rope vertical and it should he placed at least 2 m
above the cylinder to prevent sedimentation of
periphytic growth on it from entering the cylin
der. The cylinder should he positioned horizon
tally at a distance ofat least 20cm from the rope.
For the sake of balance in the vertical position,
two cylinders, placed symmetrically on both
sides of the rope, may he feasible. If there are
significant currents in the lake, the suspending
frame may he equipped with a tail fin to keep the
cylinders away from the lee of the rope.
The optional sampling interval is two weeks.
The trap is lifted to the surface slowly and
evenly, trying to avoid resuspension of the
collected sediment. Excess water is allowed out
of the cylinder, either hy opening the stoppered
holes one at a time, or through a siphon tube.
Some water must remain in the cylinder to
prevent loss of the sample. After the sample and
the remaining water has heen transfened to a
sample jar, the traps (and ftoats, if necessary)
are scrubbed clean and lowered back into the
water.
In the Laboratory, the sample is thoroughly
mixed and split into a number of equal
subsamples. These are allowed to settle for a
few hours, after which the excess water is
decanted off, and the sampies are stored in a
deep-freeze.

As an altemative method, subsamples can he
filtered through preweighed Whatman GFIC
filters. Then, before drying and dry-weight de
termination, large animais (particularly
copepods and Chaoborus larvae) apparently
alive before freezing are picked out with for
ceps. For this purpose, the subsample volume
should not he so high that the sedimented matter
covers any animais on the filter. The filtering
method should be preferred when a significant
number of invertebrates is collected in the sedi
ment trap.
One or several of the subsamples are subse
quently analyzed, and at least one should he
kept for the sample repository.
After thawing, the subsamples are dried for
24 h at 60°C and weighed. Organic carbon, total
nitrogen and total phosphorus are determined
from the dried sampies. Ignition residue is ob
tained by incinerating a dry sample ovemight at
450°C. Organic matter is calculated by subtract
ing the weight of the residue from the dry
weight.

Expression of results
The quantity of sedimented matter is calculated
with the equation (other parameters analo
gously):
WmXkx

Wa =

iO
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where:

F19. 4. Sediment sampling assembly with two
cylindrical traps.

Wa = sedimented matter (as dry matter),
mg m2 d’
Wm = weighed diy matter of the subsample,
mg
k
= ratio of total sample vol. to subsample
vol.
n
= sampling interval, d
A = sampling area of the cylinder, cm2
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10 Quality control

To achieve and retain comparability of the re
sults, both temporally in the iong run and he
tween different sites, continuous quality control
must be an integral part of the monitoring pro
gramme. Quality control includes maintenance
of the sample repository, testing of methods,
intercalibration and internal control of the labo
ratories. Quality control involves advance pian
ning and it takes time; possibly up to 10% of the
total work time should be allotted to quality
control.
The sample repository facilitates subsequent
checking of chemical determinations or taxo
nomic issues, for instance. In addition, the re
pository provides material for further research
as necessary in the future. In this capacity, it also
serves scientists not directiy involved in the
Integrated Monitoring. In addition to the origi
nal sampies, an essential part of the repository
consists of pictorial material, which should he
stored on computer. Practicai procedures for
forwarding material to the repository (perma
nent sampies, photos, etc.) are given in each
chapter of this manual.
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Standardization of ali methods is desirable, but
it must aiso be possible to include new methods
in the programme. Furthermore, some of the
methods may not he applicable to ali the moni
toring areas. Any differences in results caused
by the use of varying methods must always be
tested. The goal is to achieve directly compara
ble resuits, even when different methods are
involved. If this is impossible, conversion fac
tors shouid be worked out for transforming the
data of Iong time-series into values comparable
with the results of the latest method.
Intemai quality control at the laboratories
includes the use of control sampies, the origin
of which is unknown to the laboratory person
nel. Such sampies can he repiicates or paraiiels
of samples aiready anaiyzed, and originating
from a site other than that indicated. Control
sampies can constitute a few per cent of the totai
number of sampies.
Intercalibration control should he conducted
regularly between laboratories involved in the
Intgrated Monitoring, and also between these
laboratories and others outside.

1
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M any processes occur more rapidly in iakes than in
terrestriai environments and thus require higher sampling
frequencies. This increases the costs and time needed
for hydrobiological research and monitoring
programmes. However, it the monitoring is implemented
with frequencies matching the life cycies of aquatic
organisms, it wiii be better able to discriminate between
causes and their eftects. This is particularly relevant in
view of the variety of different episodic situations
occurring in small headwater lakes during relatively short
time periods.

A coliection of methods for the biological monitoring of
lakes is described in this manual. Of course, no method
is universal for ali situations, but the authors believe that
the proposed methods are reiiable in most cases. in
addition to the simpiicity and robustness of the methods,
much aifention has been paid to integration of different
procedures so that minimum time wouid be consumed in
the field and the laboratory.
This manual was prepared for the purposes of the UN
ECE International Co-operative Program me on 1 ntegrated
Monitoring of Air Pollution Effects on Ecosystems. In
Finland, the intensive national hydrobiological monitoring
programme was attached to the International Programme
and involved preparation of the instructions for
researchers. The authors hope that other parties can also
make good use of this manual.
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