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Abstract

Phytoplankton populations were studied over a six months period in the Krycklan Catchment
in Northern Sweden, found 50km inland from the Baltic Sea coast. The objective of this study
was to characterize the phytoplankton abundance, biomass and diversity in three 1st order
streams and to investigate how different water sources including a lake, a wetland and a
groundwater well were influencing the phytoplankton population. The extent to which biotic
and abiotic variables could exert in shaping the community structure of phytoplankton was
also investigated.

 A total of 52 phytoplankton taxa were recorded for the whole study. The wetland stream was
found to be the most diverse (n = 44) while the groundwater stream had the lowest diversity
with only 29 taxa. The lake-derived stream had an intermediate number being 33. The highest
abundance and biomass of phytoplankton (all stations and months together) was recorded in
June (6335000 cells per liter, 56mm3/l). The chrysophytes were the most abundant
phytoplankton class for all the sampled months with Oochromonas and Chrysococcus being
the most dominant taxa. Small sized phytoplankton were the most abundant ranging between
1.5_m to 10µm. The predominant ecological specialization was found to be mixotrophy
among the flagellates while immobile phytoplankton were mostly autotrophs.

Downstream water transport lead to a rise of phytoplankton abundance in the groundwater
stream while a decrease was observed in the lake-derived stream and wetland stream. The
decrease could be as a result of phytoplankton sedimentation and selective elimination during
downstream transport while the increase in the phytoplankton population could be due to
phytoplankton growth and detachment of periphytic plankton. The phytoplankton diversity
varied in the three streams with some new taxa appearing downstream and while others were
eliminated during the transport.

In this study it was found that abiotic variables such as water discharge had a significant
impact on the phytoplankton population, especially during spring flood, where the water
discharge was highest resulting in a sudden increase in the phytoplankton abundance, biomass
and diversity (especially among diatoms). Ciliate was found to be positively correlated with
the phytoplankton abundance, showing that ciliate grazing was not a limiting factor for the
phytoplankton growth.

Keywords: phytoplankton, mixotrophy, autotrophs, spring flood
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1. Introduction

Phytoplankton are the autotrophic component of the plankton that drifts in the water column
of aquatic ecosystems. The name comes from the Greek terms, phyton or "plant" and
"planktos" meaning "wanderer" or "drifter" (Thurman, 1997). They are the primary producers
in most aquatic systems and may account for a significant portion of system primary
productivity (Beaver et al., 1999). In aquatic ecosystems, the lake food web has been studied
thoroughly and it is well defined that the phytoplankton represents the primary producers
which support the entire community.  They form the base of the food chain by virtue of their
ability to photosynthesize and they are in turn preyed upon by heterotrophic organisms found
at higher trophic levels. Phytoplankton abundance differs in various habitats and biotic and
abiotic factors regulate their populations.  Also rivers are important aquatic ecosystems but
the analogous picture of river phytoplankton is not well established. If we look at
phytoplankton in river food webs, the information available is scarce and scattered and in
biology textbooks it is stated that stream communities differ significantly from those of lakes
because of the absence of a plankton community, which cannot be maintained in the flowing
water (Campbell, 1990). In the limnology literature it is cited that river plankton may be the
result of displacement of cells from the benthos, backwaters and lakes or impoundments along
the river’s course (Cushing 1964, Swanson and Bachmann 1976, Reynolds and Glaister
1993), and are reflecting wash-out rather than true ‘potamoplankton’ (Allan, 1995).  Hence
the presence of lakes, ponds and backwaters should be of great importance in seeding rivers
with plankton. Is phytoplankton then present at all in first order streams? And is the source of
the water important in determining the presence or absence of phytoplankton in headwater
streams? In this study phytoplankton abundance, biomass and diversity will be compared in
first order streams with different water sources, i.e. a lake, a wetland and a groundwater well.

Phytoplankton dispersal

Dispersal factors for plankton can either be water, air or organisms ranging from beetles,
dragonflies and mammals to birds, the latter being the most important group. As stated by
Kristiansen (1996), water dispersal is the most natural way of dispersal of freshwater algae.
Organisms in the water may enhance the dispersal of phytoplankton, such is the case when
fish act as vectors. Many species of phytoplankton have been reported to pass undamaged and
viable through some fish (e.g. Dorosoma cepedianum) - 30 species of chlorophytes, 12
species of blue-green algae, and some diatoms have been recorded (Kristiansen, 1996).
Overland transport is in most cases necessary for the dispersal of algae from one water body
to another. This can be effected by animals attached to both water and air (such as water birds,
beetles and dragonflies). Water-living mammals may of course also transport algae from one
water body to another. In the fur of minks, 16 species of desmids was found while thirteen
species of green algae, euglenoids, and blue-green algae were found in cultures from intestinal
contents of muskrats (Kristiansen, 1996). Another important long distance dispersal
mechanism is the wind and at least 18 species of diatoms have been found in dust from the air
(Kristiansen, 1996). It should also be very probable that some phytoplankton have been
introduced inadvertently by man in certain regions thereby acting as a dispersal vector. The
possibility for successful dispersal depends on distance and of the tolerance of the algae to the
transport conditions; diatoms have been reported to be the most resistant among the
phytoplankton classes (Kristiansen, 1996).
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Principal factors suggested regulating phytoplankton in running water

The principal factors suggested to regulate phytoplankton abundance, biomass and diversity in
rivers are hydrological (discharge, water residence time), physical (light and temperature),
chemical (nutrient concentrations), and biotic (predation, competition) (Reynolds, 1988).

i) Water flow or discharge

Of all the factors that influence the plankton populations of rivers, those associated with
current and discharge clearly are thought to be of overriding importance.  An inverse
relationship between river discharge and phytoplankton is perhaps the most common finding
of detailed investigations of river phytoplankton (Rzòska, Brooks & Prowse, 1952; Dorris,
Copeland & Lauer, 1963 & Lack, 1971). River phytoplankton can only arise if the algae have
enough time to multiply in the water, so that the gain in numbers in unit time exceeds the loss
in numbers. If the time of residence in the river is short, then the phytoplankton is likely to be
dominated by small algae (Lund, 1995). In contrast to lake phytoplankton, algae suspended in
river waters or potamoplankton are constrained by advective losses associated with
downstream flow. Because the growth rate of algae is inversely related to cell size, small-
sized algae with faster growth rates should theoretically dominate in systems with short water
residence times, and large cells should contribute a greater proportion to total biomass with
increasing residence times (Reynolds, 1984).

ii) Light

In rivers with ample nutrients and a transit time long enough to permit multiplication of
phytoplankton, it is likely that autotrophs are limited by light via an interaction among
turbidity, depth and turbulence (Allan, 1995). Depth of euphotic zone varies seasonally with
the sediment load, and also due to self-shading when phytoplankton are abundant.  Although
many diatoms appear to be fairly indifferent to light, in that they occur as abundantly in
shaded places as in open ones, it is observed that many Chlorophyceae require a fairly high
light intensity. This in indicated not only by their increase in spring and early summer but also
by their distribution in stream beds (Hynes, 1970).  According to the River Continuum
Concept (RCC), low-order temperate woodland streams are conceived as being shaded at
head-water where inputs of CPOM provide a critical resource base for consumer community.
However, as the river broadens at mid-order sites, shading and CPOM (Coarse Particulate
Organic Matter) inputs will be minimal, and ample sunlight should reach the bottom to
support periphyton production (Allan, 1995).  Thus, light could be a limiting factor affecting
phytoplankton growth in rivers.

iii) Temperature

Temperature is an obvious ecological factor which should reveal itself in seasonal changes in
the flora, but its effects are difficult to disentangle from those of light which is also low in
winter (Reynolds, 1984). Diel temperature fluctuations are common in small streams,
especially if unshaded, due to day versus night changes in air temperature and absorption of
solar radiation during the day. In rivers, temperature is assumed to respond more rapidly to
increased solar radiation fluxes and, conversely, to lose heat to a cooler atmosphere more
quickly than do lakes, by virtue of their relative shallowness and more vigorous, more
complete vertical mixing. Therefore, mean temperatures are generally supposed to increase
from source to mouth. However, there do appear to be phytoplankton species which occur
only in the tropics and so presumably need warm water, and there are others which occur only
in winter at low altitudes (Hynes, 1970). As far as the responses of algae are concerned, few
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data are available to verify the supposition that algae grow faster at higher temperatures
(Reynolds, 1988).

iv) Nutrient concentration

Nutrient concentration predict phytoplankton abundance and trophic status of lakes with
considerable accuracy (Wetzel, 2001), and they may prove useful in characterizing the
productivity of riverine ecosystems as well. The chemistry of river water is highly variable,
especially in streams and small rivers.  The amount of dissolved material in freshwaters, and
its chemical composition, varies greatly with location and season, due to local geology and
rainfall, position along the river continuum and extent of human influence. According to
literature, restriction of river phytoplankton growth due to nutrient limitation is not usual and
is less important than physical constraints (Townsend et al., 1989). Downstream transport and
light are typically overriding variables, and nutrient concentrations in rivers are often
considerably higher than that found in lakes (Allan, 1995).  This is supported by a survey
done by Søballe and Kimmel (1987) of over 100 sites on lakes, impoundments and rivers,
where they observed a positive relationship between phosphorus concentrations and
phytoplankton biomass, a well established trend in lakes.  However, river phytoplankton
abundance was several times lower than would be expected based on phosphorus availability,
suggesting that factors other than nutrients exerted primary control. Another study done by
Ben et al., (1996) concluded that the biomass of phytoplankton is correlated with nutrient
concentrations only in large rivers    (greater than fifth order). Thus according to these studies,
nutrient concentration should not be a limiting factor which would affect the growth of
phytoplankton in the studied streams.

v) Grazing on lotic phytoplankton

The phytoplankton of free-flowing large rivers are usually consumed by zooplankton and by
benthic suspension feeders (Allan, 1995).  However, since downstream displacement in lotic
system is usually rapid relative to their reproductive rates, zooplankton populations of rivers
tend to be sparse and dominated by rotifers rather than crustaceans.  Thus rotifers and some
smaller crustaceans usually predominate due to their shorter generation times; however, even
these taxa can build up their numbers only during low-flow periods (Pace, Findlay and Lints,
1992). Phytoplankton can be captured by benthic suspension feeders, especially those taxa
possessing fine sieving devices such as the back fly larvae. It is stated from literature that even
though some algal species or growth forms are more vulnerable to a range of invertebrate
consumers, they are able to compensate for this loss by having a high reproductive rate (Allan,
1995). Some phytoplankton such as cyanobacteria are not usually grazed upon because
although having high protein content because they have a polymucosaccharide sheath which
render them resistant to digestion;  there are some  which can produce toxins while others
have a filamentous growth form making them a poor and undesirable food supply. Grazers
can also affect the periphyton standing crops.   According to literature, an inverse relationship
is expected between the abundances of benthic autotrophs (periphytons) and their grazers,
especially if herbivory is substantial (Allan, 1995).  Thus it can be deduced that unless the
residence time of a water mass is sufficient, such as in long, slow-flowing rivers or
impoundments, the potamoplankton can experience significant grazing pressure.
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Additional factors regulating phytoplankton in rivers

The distribution, diversity and abundance of planktonic organisms in rivers may also be
affected to a great extent by other characteristics such as river/stream channel morphology,
ecological specialization of planktonic organisms, the form resistance of phytoplankton and
their growth strategy. These factors also influence the survival and growth of planktonic
organisms and are discussed below:

i) Stream Channel morphology

A stream or river system normally consists of a pattern of tributaries joining one another and
coalescing to form the main stream (Hynes, 1970). Alluvial streams (rivers) are dynamic
landforms subject to rapid change in channel shape and flow pattern.  Slopes are usually steep
in the headwaters, and become less so as one proceeds downstream. This can increase the
downstream abundance of phytoplankton since the reduction in steepness enhances plankton
residence time and promote higher growth rate. Furthermore, water and sediment discharges
determine the dimensions of a stream channel (width, depth, and meander wavelength and
gradient). The characteristics of stream channels, the types of pattern (braided, meandering,
straight) and sinuosity are significantly affected by changes in flow rate and sediment
discharge, and by the type of sediment load in terms of the ratio of suspended to bed load
(Chang, 1988).  Thus phytoplankton abundance can be dependent on stream channel
morphology in addition to abiotic variables.

ii) Ecological specialisation of plankton

Most phytoplankton are autotrophic; that is they contain chlorophyll pigment that enables
them to fix solar energy by photosynthesis, converting carbon into an energy form
transferable to other parts of the aquatic food web (Wetzel, 2001). While almost all
phytoplankton species are obligate photoautotrophs, there are some that are mixotrophic (e.g.
Dinobryon) and other, non-pigmented species that are actually heterotrophic (Wetzel, 2001).
Rivers and streams are highly heterogeneous environment which are under constant change.
In such an unpredictable milieu, mixotrophic plankton may have better survival strategy as
compared to obligate autotrophs which depend on light availability or obligate heterotrophs
depending on organic carbon sources only. Literature cites that mixotrophs are often more
dominant in nutrient-poor systems while specialist strategies are associated with nutrient-rich
systems.  In an experiment done by Pålsson and Granéli (2004) in both temperate and tropical
lakes, they found that when light and/or nutrient availability were low, the mixotrophs
increased relative to the obligate autotrophs indicating that mixotrophy is an advantageous
strategy when the availability of light and/or nutrients is limited. Jansson et al., (1996) reports
the phytoplankton community in humic lakes has a higher share of potentially mixotrophic
species than do other types of lakes. These phytoflagellates can ingest bacteria to obtain
nutrients and energy (Jansson et al., 1996). Since the streams in this study are oligotrophic,
that is have low nutrient, and/or is limited by light; this could imply that there would be a
dominance of mixotrophs in these rivers.

iii) Form resistance of phytoplankton

Form resistance ( ) is a dimensionless number expressing how much slower or faster a
particle of any form sinks in a fluid medium than the sphere of equivalent volume (Padisák et
al., 2003).  Since the density of most phytoplankton is greater than that of water, they tend to
sink from the lighted zone.  Improved flotation or reduced sinking rates are accomplished in
various ways (Wetzel, 2001):
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a) Reduction in sinking is enhanced by increasing surface-to-volume ratios.  Deviations
in cell morphology from the spherical form by protrusions and projections decrease
sinking rates by increasing frictional resistance with the water.  Seasonal
polymorphism (cyclomorphosis) is rare among phytoplankton but is conspicuous
among certain dinoflagellates.

b) A few algae reduce density by the accumulation of fats. For example some algae such
as Botryococcus, can contain lipids up to 30-40% of dry weight and can float because
of this accumulation.

c) A number of algae move within the water column by swimming by flagella.  Such
movement can improve light and nutrient availability.  This is very common among
cryptomonads and dinoflagellate algae.

d)     Production of mucilage reduces sinking rate. Gelatinous sheath are common among
cyanobacteria and green algae, including certain desmids and diatoms.  The sheaths
are less dense than the cell and increase frictional resistance.

e) Gas vacuoles are common in cyanobacteria and decrease the density of the cells to
below the density of water.

Thus by enhancing their capability to stay in the photic zone, the plankton ensures that they
obtain sufficient light for their growth and these structures can also increase the survival
chances of some plankton in the turbulent river environment.  For example those having
flagella may have better chances of surviving in a river as compared to those having no
specialisation lipids as the former can move into areas of light if the present reach of the river
is shaded. Furthermore, some of the structures which increase their flotation mechanism can
also constrain the grazing capacity of predators; thereby reducing planktonic mortality from
predators.

iv) Growth and survival strategies of phytoplankton

The interrelationships among specific growth rates, morphologies, and optimal ranges with
respect to environmental resource ‘spectra’ and means of perennation are indicative of distinct
trends in the evolutionary adaptation of ‘algae’ to a planktonic existence. It is possible, for
instance, to discern a broad polarization between, on one hand, species that have a high
growth rate and can respond quickly to the availability of environmental resources but do not
or cannot maintain their maximum density for long and, on the other hand, species with lower
growth rates, slower responses and an ability to tolerate or accommodate to periods of
resource-stress.  The former maybe recognized as colonizing, opportunistic, ‘weedy’, or ‘r-
selected species’, the latter with constant, autochthonous, equilibrium or ‘k-selected species’
(Reynolds, 1984).  In lakes, large dinoflagellates (Ceratium spp.) apparently represent the
extreme k-strategists.  This conforms with their acknowledged complex characteristics of high
mobility, slow growth and of relative immunity to grazing animals (Sommer, 1989).
Reynolds also introduced a third category, w, into r- and K- strategies, to describe the mixing-
tolerant species (Forsström, 2006). Reynolds proposed that r-, k- and w- strategies correspond
to Grime’s C-, S- and R- strategies of evolutionary adaptation of plants. Basically, different
phytoplankton species are either specialized to rapid growth and reproduction (C), tolerating
low amounts of essential resources (nutrients) (S), or tolerating frequent or continuous
turbulence (R) (Forsström, 2006). Thus according to this theory, the r- and w- species should
be dominant in rivers since they are able to adapt to rapidly changing environment and they
also have high fecundity, small body size, short generation time, and have the ability to
disperse widely.
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1.2 Aims and hypothesis of this study

The aim of this study was to determine how different drainage areas may affect the
phytoplankton abundance, biomass and composition in three 1st order streams within a
catchment in northern Sweden. The first stream had its water originating from a lake while the
second had a peat bog wetland as water source, and the third stream was a well with its water
coming mainly from groundwater and had forested surroundings. The abundance, biomass
and diversity of the phytoplankton population were determined for the three streams and the
possible influence of the stagnant backwaters was investigated. In addition, a comparison of
the phytoplankton population was also made along the streams to see the influence of river
transport on phytoplankton.  Biotic and abiotic environmental variables were also selected to
be able to explain any trends and variations observed in the phytoplankton population.

Hypotheses:

1) Phytoplankton abundance, biomass and diversity were expected to be highest in the
stream originating from a lake and lowest in the stream originating from groundwater

2) The lake derived stream was expected to have relatively more autotrophic
phytoplankton species whereas the other two sites were expected to have a high share
of mixotrophic and heterotrophic taxa.

3) Water discharge was expected to be correlated to phytoplankton parameters.
4) During downstream water flow it is expected that the streams would be dominated

primarily by small sized phytoplankton having rapid replication time. Also a loss in
the abundance and diversity of phytoplankton was expected to occur as they are
transported downstream.

5) The seasonal variation of phytoplankton in rivers was expected to show similar pattern
as lake phytoplankton dynamics to certain extent.
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2. Materials and methods

2.1 Description of Krycklan catchment

The study area is the Krycklan catchment found in Northern Sweden approximately 50km
NNW (North North West) of Umeå (Figure 1). Krycklan is a subcatchment of the River
Vindelälven. Annual mean air temperature is 1 ºC with 600 mm annual mean precipitation, of
which one-third falls as snow. Snow cover is present for 171 days on average (1980-1999),
and spring snowmelt is the dominant hydrological event, exporting up to half of the annual
stream flow during a 3-6 week period in April-May. The catchment is forested primarily with
mature Scots Pine (Pinus sylvestris) in dry upslope areas and Norway Spruce (Picea abies) in
wetter, low-lying areas (Buffam, 2007). The catchment ranges from 369 to 130 meters in
elevation. Throughout the catchment, gneissic bedrock is overlain by glacial till varying in
thickness up to tens of meters. Well developed iron-podzol soils are common, with organic-
rich soils near the channel of smaller streams. In the lower reaches of the catchment, larger
streams have deeply incised channels carving through fine glaciofluvial sediments, with a
substantial riparian floodplain (Cory, 2006). Although the Krycklan is affected by
anthropogenic activities, these can be regarded as minor as compared to other regions in
Sweden. Buffam (2007) states that there are few inhabitants in the catchment, only 3%
agricultural land by area, and <20 km of maintained road length.

2.2 Description of the three streams and sampling sites

Groundwater stream

The groundwater stream (site 2), Västrabäcken, is a small tributary with a catchment area of
13 ha (Figure 1 and table 1). It is surrounded by 100-year-old Norway spruce and the forest
floor covered with woodland horsetail, bilberry and different types of mosses. The catchment
is comprised entirely of till soils, with podzols covering most of the sub-catchment except for
organic rich soils along the stream channel. Västrabäcken has been ditched and straightened in
the 1930s and is now incised down in the soil (Eriksson, 2004).  In May, an additional site at
the beginning of the stream was included located about 800m downstream.

Wetland stream

The wetland stream (site 4), Kallkällbäcken, is a small stream having an 8 ha mire catchment
(Figure 1 and table 1). The mire has peat deposits up to several meters in depth. The stream
has, as Västrabäcken, been ditched in the 1930th (Eriksson, 2004). In May, a water sample was
also taken from a small pond to observe how it differed from the downstream site.

Lake-derived stream

The stream Stortjärnbäcken starts as an outlet from the small, shallow, humic-rich forest lake
Stortjärnen. Surrounding wetlands but also coniferous forest influences the forest lake water
(Eriksson, 2004). The sampling site number 5 is located at the outlet of the lake and sampling
site 6 is found approximately 1250 m downstream site 5 (Figure 1 and table 1).
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Figure 1. Map showing the Krycklan subcatchments and the location of the stream sampling points in 2007.
(Shaded areas represent wetlands, dark regions are lakes and the rest are forested areas)

Table 1: Sub-catchments characteristic for the 5 studied sites (Information obtained from Buffam et al., 2006)

2.3 Field Sampling

The water samples were taken from January to June 2007 on a monthly basis by the
researchers (Ccrew-http://ccrew.sek.slu.se.krycklan/index.html) who are working within the
whole Krycklan catchment. 125 ml glass bottles were used to take the water samples from the
different study sites and Lugol was immediately added (Iodine potassium iodine solution,
Sigma Aldrich) to preserve the samples. The collected sampled bottles were kept in darkness

Label
Site
No.

Catchment
name

Stream
order

Stream
length,km2 Area,km2 Lake,% Forest,% Wetland,%

Landcover
type

Groundwater
stream 2(i) Västrabäcken 1 0.94 0.13 0 100 0 forested
Beginning of
stream 2 2(ii) 1
Wetland stream 4(i) Kallkällmyren 1 0.03 0.19 0 59,6 40.4 wetland
Wetland pool 4(ii) 1

Lake stream 5
Stortjärnen

outlet 1 0.02 0.85 4,7 59 36.3 wetland
Downstream lake 6 Stortjärnbäcken 1 1.4

•

•

•

•

site 5-Lake

5

4(i)

2
6

4(ii)

Site4-
2(ii)

Lake stream

Groundwater stream

5

4(i)

2
6

4(ii)

2(ii)

site 5-Lake

5

4(i)

2
6

4(ii)

-
2(ii)

Lake stream

Groundwater stream

5

4(i)

2(i)
6

4(ii)   Wetland stream

2(ii)

•

•

•

•
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to optimize preservation of the samples.  Analysis of water samples included in this study was
done for the following months: January, March, April, May and June 2007.

2.4 Measurement of chemical parameters

The researchers working in the Krycklan catchment are constantly monitoring various
chemical parameters and they kindly provided me with data on different chemical parameters
for this study. The data included water discharge, pH and dissolved organic carbon (DOC) for
the various study sites at the different sampled months.  Discharge was measured using a 90
V-notch weir in a heated damhouse; situated just downstream site 2, where it joined the
wetland stream. pH was measured at room temperature using a low conductivity Ross 8102
combination electrode (Thermo-Orion) (Cory et al., 2006). They also determined the DOC by
filtering the samples using 0.45 _m MCE membrane filters and then frozen until analysis.
DOC was measured by combustion and analysis as CO2 using a Shimadzu TOC-VPCH

analyzer after acidification and sparging to remove inorganic carbon (Cory et al., 2006)

2.5 Phytoplankton analysis (Utermöhl technique)

For quantitative estimation of the phytoplankton community on species/genus/group level, the
plankton sample is settled in a sedimentation chamber of known volume. After sedimentation
on the chamber bottom the species/genera/groups are counted and measured for volume
calculations.  This technique is known as the ‘Utermöhl’ inverted microscope technique and
was done according Olrik et al., 1998.  The method is shortly described below:

The samples were adapted to room temperature before they were set up for sedimentation as
this prevent the formation of air bubbles in the counting chambers. Since the stream water
being under study is oligotrophic, a large volume of sample was used which amounts to 50ml
and 80ml. However during the peakflow, 25ml cylinder was used due to the high amount of
silt and other debris deposits. The settling time of the samples was dependent on the chamber
size. Sedimentation time for the 50ml and 80ml chamber volume was about 24hrs and 48hrs
respectively.  After settling was complete, the top portion of the chamber was slid off the
bottom and a second cover glass was slid into place over the bottom chamber, which now
contains all the phytoplankton that had settled.  The prepared sample was ready to be scanned
under an inverted microscope (Carl Zeiss, Germany) equipped with phase/contrast
illumination; 400X magnification and micrometer eyepieces (graduated in µm). Photographic
aid was also used to for illustration of some phytoplankton. The planktonic organisms were
identified to the species level as far as possible. At least 100 individuals of the most common
taxa were counted; the organisms were counted in 1-6 diagonals at high magnification
(400X). All the taxa were counted separately.

2.7 Classification of ecological specialization

The flagellates found during the study were grouped based on their ecological specialisation.
They were classified according to the following: mixotrophic flagellates, autotrophic
flagellates or heterotrophic flagellates. The determination of this classification was based on
the presence or absence of flagella and observing those having chloroplast. Flagellates having
chloroplasts were presumed to be mixotrophic based on the findings of Isaksson et al., (1999).
Immobile autotrophic phytoplankton was referred to as autotrophic phytoplankton. In this
study, Oochromonas spp., Spiniferomonas spp., Cryptomonas spp., were referred to as
mixotrophic and small unidentified flagellates (monads < 5_m mainly believed to be
Ochromondales and prymnesiophytes) as potential mixotrophs (Pålsson & Granéli, 2004).
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2.8 Estimation of cell number and biovolume

To determine biovolume, cell dimensions were measured in each sample, and cell biovolumes
were estimated by approximation to geometric shapes of known volume. Algal biomass
(µg L-1) was determined by converting calculated cell volumes by assuming a specific density
of 1 g cm-3.
A calculated conversion factor (Olrik, 1998) was used to determine the number of individuals
per ml. This conversion required knowledge of the following parameters: volume of chamber,
area of chamber bottom, area of part of the chamber bottom that has been counted and number
of individuals counted of each species.
The following formula was applied:

Counted number of species at 400X magnification   X   Conversion factor               = Number of cells/ml
       Number of diagonals counted                                 Volume of chamber used (ml)

2.9 Analysis of data

Statistical analysis of the collected data was performed with StatView (5.0.1). ANOVA test
was applied to explore differences between the three study sites. To determine if there was
any relationship between the biotic and abiotic variables and the phytoplankton distribution,
scatter plot and linear regression analysis was used.
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3. Results

From the 20 analyzed samples, a total number of 52 taxa were recorded which belonged to 7
classes of algae namely: Cyanophyta, Cryptophyta, Chrysophyta, Cholorophyta, Dinophyta,
Diatomophyta and Euglenophyta. Table 3 illustrates all the species which has been recorded
during all the sampled months at all the studied stations. It can be clearly seen that the
Chrysophytes were the most abundant and diverse class with a total of 20 taxa recorded. They
consisted mostly of small flagellated taxa ranging within the size of 1.5 µm – 7 µm.

       Table 3: List of species recorded in River Krycklan

Cyanophyta 
Anabaena sp. 
0scillatoria limnetica Lemm. 
Chroococcus minutus (Kütz) Näg (cells) 
Chroococus turgidus (Kütz) 
Merismopedia tenuissima Lemm. (colony) 
Microcystis incerta (cells) 
Microcystis sp. (colony) 
Spirulina sp. 
  
Cryptophyta 
Cryptomonas rostratiformis (Skuja) 

Cryptomonas sp 
 
Crysophyta 
Chromulina sp. 
Chrysococcus klebsianus Pasch. 
Chrysococcus puntiformis Pasch. 
Chrysococcus sp. 
Dangeardinella sp. 
Kephyrion sp. 
Kephyriopsis sp. 
Mallomonas akrokomos Ruttn. 
Mallomonas sp. 
Monas sp. 
Oochromonas sp. 
Paraphysomonas sp. 
Paraphysomonas vestita Stokes. 
Phaeaster sp. 
Pseudokephyrion sp. 
Rhizochrysis sp. 
Spiniferomonas sp. 
Uroglena europaea (Pasch.) Conr. 
Uroglena sp. 

Diatomophyta 
Pennales 
Cymatopleura sp. 
Diatoma vulgaris Bory 
Fragilaria sp. 
Syndra berolininesis Lemm. 
Tabellaria sp. 
Sp. 1 
Sp. 2 
Sp. 3 
Sp. 4 
Centrales 
Cyclotella sp. 
  
Dinophyta 
Ceratium sp. 
Gymnodinium sp. 
  
Chlorophyta 
Ankistrodesmus sp. 
Ankyra spp. 
Chlamydomonas sp. 
Chorella sp. 
Crucigenia quadrata Morr. 
Monomastix opisthostigma (Scherff.) 
Monoraphidium sp. 
Polytomella sp. 
Pyramimonas sp. 
Treubaria sp. 
 
Euglenophyta 
Distigma striato-granulatum (Skuja) 
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3.1 Seasonal variation in phytoplankton abundance, biomass and diversity (all stations
combined)

Phytoplankton abundance was lowest for January and March as shown in figure 2. In April a
steady rise was observed followed by a drop in May. In June, the highest phytoplankton
abundance was recorded. The phytoplankton biomass followed a similar trend to that of the
abundance with the lowest biomass recorded in January and the highest peak occurring in
June (Figure 3).
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 Figure 2: Seasonal variation in the phytoplankton abundance from January to June 2007 (103cells per liter cells
per liter)

Figure 3: Seasonal variation in the phytoplankton biomass from January to June 2007 (mm3/l)
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Chrysophytes were the most dominant phytoplankton class throughout the sampled months as
shown in figure 4. Their abundance increased from January to reach the highest peak in April
after which a drop was recorded in May; followed by a rise in June. Chlorophytes were also
recorded for all the months and had its peak in April. Diatoms abundance was low for all the
months except April. Cyanophytes contributed to a smaller abundance of the phytoplankton class
but was recorded for most of the months. The cryptophytes class had their highest abundance in
the summer month (June) while dinophytes occurred sparsely during March and May 2007 only.
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 Figure 4: Monthly variation in the abundance (103cells per liter cells per liter) of phytoplankton class in 2007 (all
stations together)

The dominance of phytoplankton class was different when their biomass is considered (Figure
5). Chrysophytes never had the highest biomass. Instead it was the cryptophytes and diatoms
that dominated. A low biomass was recorded for the chrysophytes in January and March; after
which it increased to reach its maximum in April (0.67mm3/l). Cyanophytes had their highest
biomass in June (0.16mm3/l). The biomass of diatoms started to increase from March and it
had the highest biomass in April and May as compared to the other phytoplankton classes. For
the month of June the biomass of cryptophytes was highest relative to the other phytoplankton
classes.

Figure 5: Monthly variation in biomass of phytoplankton class in 2007 (all stations together)
   Note: The biomass of Cryptomonas class increased up to 5.4E+01mm3/l in June as indicated (_) in the figure.
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3.2 Phytoplankton comparison of the three streams

The phytoplankton abundance was highest in the lake-derived stream (average cell number of
6940000 per liter) for most of the sampled months except for March (Figure 6). The wetland
stream had higher phytoplankton abundance (average cell number of 4040000 per liter) as
compared to the groundwater stream (except for the month of May); the lowest phytoplankton
abundance was recorded in the groundwater stream (average cell number of 2540000 per
liter). All the three streams had their highest phytoplankton abundance in June 2007; with the
lake-derived stream having the highest abundance, followed by the wetland stream and the
lowest occurring in the groundwater stream.

0

500

1000

1500

2000

2500

3000

3500

Wetland Lake  Groundwater

Stream

P
hy

to
pl

an
kt

on
 a

bu
nd

an
ce

 (
10

3  c
el

ls
 p

er
 li

te
r)

January

March

April

May

June

Figure 6: Variation of the phytoplankton abundance ((103 cells per liter cells per liter) among the three habitats in
2007.

From January to May 2007, the phytoplankton biomass was higher in the wetland and lake
stream, with their highest biomass occurring in April as compared to the groundwater stream
(Figure 7). In June, the phytoplankton biomass was highest in the groundwater stream
followed by the lake-derived stream and the lowest biomass was recorded in the wetland-
derived stream. This disparity in cell biomass was caused mainly to the high number of
Cryptomonas (relatively large sized taxa as compared to chrysophytes) genera in groundwater
and lake streams while the wetland site had a very low number.

Figure 7: Variation of the phytoplankton biomass (mm3/l) among the three habitats during the study months in
2007.  Note: The biomass for June samples in the lake and ground water streams were very high and biomass
bars have been truncated, arrows indicate real biomass value.
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Even though the groundwater site had the lowest abundance and biomass in January 2007
(figure 6 and 7 respectively), it had comparatively higher phytoplankton diversity (number of
taxa = 8) as compared to the lake-derived stream (number of taxa = 3) (Figure 8). Overall, the
wetland stream was the most diverse habitat with a total of 44 phytoplankton taxa found
during the study period. The lake-derived stream had an intermediate number of
phytoplankton taxa with a total of 33 taxa (Figure 8). The groundwater stream had the lowest
phytoplankton diversity amongst the three habitats with a total of 29 taxa.
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Figure 8: Monthly variation in the diversity of phytoplankton among the three stations during the study period in
2007 (all phytoplankton classes together)

3.3 The effect of downstream transport on the phytoplankton populations

Comparison between site 5 (lake-derived stream) and site 6 (1250m downstream site 5)

The number of phytoplankton cells decreased progressively from site 5 to site 6 showing that
there was a loss of phytoplankton cells as one proceeded downstream (Figure 9(a)). The most
dominant phytoplankton class was the chrysophytes at site 5 while at site 6 chlorophytes were
slightly more abundant than the chrysophytes. The dominant species included Chrysococcus,
Oochromonas and Chromulina among the chrysophytes while Chlorella and Chalmydomonas
were the most abundant among the chlorophytes. Even though the phytoplankton abundance
decreased considerably downstream, it was observed that the number of taxa present at these
two sites remained the same (Figure 9(b)). However, the phytoplankton taxa found at site 5
and site 6 differed for some classes. For example for the cyanophytes class, at site 5
Merismopedia species was dominant while at site 6 it was the Anabaena species that was
dominant. Similarly, for the chrysophytes class, Spiniferomonas species was found at site 5
but not further downstream; new taxa such as Oochromonas was recorded at site 6.
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Figure 9: Comparison between the phytoplankton class (a) and number of taxa (b) between site 5 and site 6 in May 2007.

Comparison between the wetland pond and the wetland stream (site 4)

Transport of water from the wetland to the wetland stream (site 4) resulted in marked
differences in both phytoplankton abundance and taxa (Figure 10 (a) and (b)). There was an
obvious difference between these two sites, with a clear dominance of diatoms in the wetland
pond while chrysophytes constituted the major phytoplankton class in the wetland stream.
The number of phytoplankton taxa recorded from the wetland stream (n=13) was greater than
that found from the wetland pond (n=10); this can be accounted by the greater diversity of
chrysophytes taxa recorded in the stream. Even though the number of phytoplankton increased
in the wetland stream, not all the phytoplankton recorded in the wetland pond was found. For
example, for the chrysophyte class, Chromulina species was not recorded downstream.
However, 5 new additional taxa in the chrysophyte class were found in the wetland stream.

Figure 10: Comparison between the phytoplankton class (a) and number of taxa (b) between the wetland pond and
stream in May 2007.

Effect of water transport (800m downstream) from the start of groundwater stream to site 2

Site 2 is found 800m downstream from the beginning of the groundwater stream and it can be
observed that there was a clear difference in the predominance of phytoplankton class at these
two sites (Figure 11). There was a shift from the dominance of chrysophytes at the beginning
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of the stream to a prevalence of diatoms downstream (Figure 11(a)). The total number of
phytoplankton taxa recorded was quite similar for both sites with 11 taxa for the start and 12
taxa for the downstream site. It was observed that the number of phytoplankton taxa recorded
for chrysophytes and chlorophytes increased downstream while the cyanophytes and
dinophytes decreased gradually (figure 11(b)).

Figure 11: Comparison between the phytoplankton class (a) and number of taxa (b) between the start of stream 2
and site 2 in May 2007.

3.4 Ecological specialization of phytoplankton

During the sampled months, the flagellates were clearly the dominant type of phytoplankton
occurring at all the sites combined together (Figure 12). Mixotrophy was the prevailing
ecological specialization among the flagellates. Heterotrophic and autotrophic flagellates were
less abundant with an abundance of 580000 and 460000 cells per liter respectively. Immobile
autotrophs were sparse during the winter months but gradually they increased to higher
abundances during summer months (3180000 cells per liter).
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sampled months (figure 13).  However, the biomass of immobile autotrophs was higher as
compared to the biomass of flagellated mixotrophs in March, April and May. This can be caused
by the fact that even though the abundance of immobile autotrophs such as chlorophytes was
lower than flagellated mixotrophs such as chrysophytes, the former had a larger size (ranging
between 2_m to 14_m) as compared to chrysophytes (ranging between 1.5_m to 7_m) thereby
having a greater biomass. In June 2007, the high percentage biomass of mixotrophic flagellates
was due to the Cryptomonas bloom

Figure 13: Monthly biomass (mm3/l) of flagellates and immobile phytoplankton based on their ecological
specialization during the study months in 2007. Note: The arrow on the figure indicates that in June the mixotrophic
flagellates biomass increased up to 54mm3/l.

A comparison of the ecological specialization in the three habitats showed that mixotrophy
was the preferred ecological specialization of the phytoplankton residing in the lake stream
(3640000 cells per liter) and the wetland stream (1540000 cells per liter).  In the groundwater
stream, autotrophy (immobile and flagellate) was the main feeding strategy for the
groundwater stream with a cell abundance of 610000 cells per liter.
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3.5. Influence of abiotic and biotic factors on the phytoplankton population

The pH varied from 4.3 to 5.7 in the study streams while the DOC varied from 11 mg/l to a
maximum of 61 mg/l in June as shown in table 4. The highest discharge was recorded in April
(40 l/s) after which it decreased to reach its lowest flow in June (0.6 l/s). No significant
difference was found between the streams regarding pH. However, the DOC in the
groundwater stream was significantly lower than that of the lake-derived stream (p=0.03).

Table 4: pH, DOC (mg/l) and water discharge (l/s) measurements from January to June 2007in the three streams.
Note: N.m refers to data which were not measured.

Month January March April May June

pH

Groundwater stream 5.0 5.1 4.5 4.8 5.2

Wetland stream 4.6 4.7 4.4 4.3 5.7

Lake stream 4.4 4.7 4.4 4.8 4.6

DOC (mg/l)

Groundwater stream N.m 11.7 21.5 17.1 12.9

Wetland stream N.m 30.6 14.8 27.8 30.2

Lake stream N.m 25.3 28.9 27.2 61.3

Discharge (l/s) 1.2 0.8 40.5 6.0 0.6

pH
The effect of pH on the phytoplankton abundance, biomass, the number of phytoplankton
taxa, ciliate abundance and biomass at the sampled sites was explored using linear regression.
No correlation was found between pH and the mentioned biotic factors showing that pH did
not have any significant impact in determining their abundance or biomass.

DOC

A significant positive correlation was found between DOC and phytoplankton abundance
(p value = 0.006 and R2 = 0.55) (figure 15). A positive trend was found between
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Figure 15: Linear regression of DOC value and phytoplankton abundance (103cells per liter) during the study
period in 2007.
Discharge

A linear regression between water discharge and the phytoplankton abundance for the study
months revealed a significant positive relationship (R2=0.46 and p value =0.01) (figure 16
(a)). Similar findings were found when a correlation was done between water discharge and
phytoplankton biomass (R2=0.44 and p value = 0.01) (figure 16 (b)).  The effect of water
discharge on the number of phytoplankton taxa revealed a weak positive trend (R2=0.12).
However, the correlation was not significant (p<0.05).  The effect of water discharge on
phytoplankton in the three study sites was also done and a strong positive relationship was
observed in the lake-derived stream (R2=0.84). In the wetland stream a strong positive
relationship was also found between water discharge and phytoplankton abundance (R2=0.98).
However, in the groundwater stream, a very weak correlation was found with an R2 of 0.17.

Figure 16: Linear regression between water discharge (l/s) and phytoplankton abundance (a) (103 cells per liter)
and biomass (b) (mm3/l)

Ciliate composition

A comparison of the ciliate abundance (figure 17 (a)) between the three study sites for the
sampled months showed that the ciliate abundance was highest for the month of June in the
groundwater and wetland streams. In the lake stream, the highest ciliate abundance was
recorded in January. Concerning the ciliate biomass, it was lower during the winter months
(except for the lake stream) and gradually increasing during May and June (figure 17 (b)).
However, the ciliate abundance and biomass was always much lower than the total
phytoplankton abundance.
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Figure 17: Monthly comparison of ciliate abundance (103 cells per liter) (a) and biomass (mm3/l) (b) in the three
study sites in 2007.
A linear regression analysis showed that there was a significant positive relationship between
ciliate and phytoplankton biomass (R2=0.40, p value=0.02) (figure 18). However, no
relationship was found between ciliate parameters and phytoplankton abundance or number of
taxa.

Figure 18: Comparison of phytoplankton biomass (mm3/l) and ciliate biomass (mm3/l) during the study period
in 2007.
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4. Discussion

4.1 Phytoplankton seasonal distribution

The phytoplankton biomass recorded for each phytoplankton class during the whole study
period was less than 1mgl-1 (except for one phytoplankton class in May and in June).
According to Wetzel (2001), in low order streams the phytoplankton biomass and diversity is
usually very low. This implies that the studied streams were expected to be both qualitatively
and quantitatively poor in phytoplankton and did not support a high biomass which is
characteristic of oligotrophic boreal waters. In a study carried out by Jansson et al., (1994), a
total of 85 phytoplankton taxa were recorded in a humic lake during a study period of four
months (June to September) in Northern Sweden. In my study, a total of 52 phytoplankton
taxa were recorded for the five sampled months, showing that the streams were relatively poor
in phytoplankton.

In this study, the chrysophytes comprised a total of 55% of the phytoplankton abundance (all
the sampled months combined). The chlorophytes constituted a total of 22% while the
percentage abundance of cryptophyes, diatoms and cyanophytes were 9%, 8% and 6%
respectively. The abundance, biomass and diversity of phytoplankton consisted mainly of
small sized genera (2-20_m). According to Wetzel (2001), ultraplankton (0.2-20_m) can have
an hourly generation time and this could explain the dominance of smaller sized
phytoplankton in this study.  The high abundance of the chrysophytes and chlorophytes
classes could be due to their short doubling time being less than 48 hours (Basu & Pick,
1996). In addition to their rapid replication rate, the high abundance of chrysophytes could be
due to their preference for residing in slightly acidic waters with low summer water
temperatures (Forsström, 2006). Wetzel (2001) also states that chrysophytes are among the
dominant phytoplankton classes thriving in oligotrophic lakes. Since the studied streams were
oligotrophic, this proved to be advantageous to the chrysophytes relative to other
phytoplankton classes as they could survive in such type of waters. The increase observed for
the chlorococcal green algae especially during summer months is in accordance with results
obtained by Stoyneva (1994) who showed that in temperate rivers the maximum growth of
chlorophytes occurred during summer as they are favored under conditions of high
temperature, insolation and slower water velocity.

The diatoms were found to have their highest biomass in April (0.73 mm3/l), the month with
the highest water discharge (40.5 l/s). The increase of diatoms during that period could be
explained by the high water flow and turbulence associated with spring flood. This enhanced
their motility since they are mainly non-motile with their silica frustules adding on to their
weight. This increase in the abundance and biomass of diatoms could also be due to the wash
out of periphytic diatoms caused by the high flow of water.  As stated by Townsend et al.,
(2003), benthic diatoms form an abundant component of periphyton in rivers and streams, and
represents important primary producers in many lotic food webs. According to Rojo et al.,
(1994), relative biomass is an index of successful competitive abilities to exploit a given
environment. Thus, this would imply that diatoms are the best adapted taxonomic group for
living in a highly unstable riverine environment. Although studies showed that diatoms are
usually the most dominant class in river environment, such findings were not made in this
study, with diatoms being the most dominant in April (the spring flood period) and May.  The
significant decrease in the abundance of diatoms in the months that followed could be
primarily due to their sedimentation.
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The  Cryptomonas genera (Cryptophyceae) had a noticeable increase in terms of their
abundance and biomass in June. This increase could be attributed to better light, temperature,
nutrient availability and even the water flow which was as low as 0.64 l/s. According to
Wetzel (2001), cryptomonas high nutritional quality, short turnover time and the ability to
grow and reproduce at low light intensities. However, since the nutrient level was not
monitored in this study it is difficult to predict which factor was the trigger for the
Cryptomonas bloom.  An increase in the abundance of Oscillatoria genera was also recorded
in June. This result could be due to the better environmental conditions (lower water
discharge) prevailing in June. As stated by Reynolds (1994), when phytoplankton come into a
slowly flushed ‘dead zone’, those which are slow-growing and having photo-adaptive genera
such as Oscillatoria can eventually dominate.  Dispersal factors such as air or organisms such
as beetles, dragonflies, birds or even man could also account for the presence of some
phytoplankton taxa in the streams.

This study was limited to a six months period (January to June) due to time constraints. Thus
the dynamics of the phytoplankton population was not investigated during the whole summer.
However, I think that the abundance, biomass and diversity of phytoplankton would have
gradually increased due to better environmental conditions that would have prevailed during
the summer months. I also think that the abundance of zooplankton could gradually rise, thus
leading to an increased grazing pressure upon some phytoplankton taxa leading to a selective
elimination of the most edible phytoplankton.

The variation observed in the dominance of particular phytoplankton taxa at different time of
the study period could to a great extent be influenced by their growth and survival strategies.
Reynolds (1984) proposed that r-, k- and w- strategies could correspond to Grime’s C-, S- and
R- strategies of evolutionary adaptation of plants. Basically, different phytoplankton species
are either specialized to rapid growth and reproduction (C), tolerating low amounts of
essential resources (nutrients) (S), or tolerating frequent or continuous turbulence (R)
(Forsström, 2006).In this study, it was possible to see an alteration in the dominance of
phytoplankton classes based on these ecological specilisation. The chrysophytes can be
regarded as those having two overlapping strategies, namely C- and S-, having low
requirement of resources and rapid growth.  This can actually explain why they constituted the
highest abundance among the phytoplankton classes in the three streams during the study
period. Some species of chlorophytes such as Chalmydomonas and Chlorella can be classified
C- species (rapid growth rate) as they were able to thrive in the streams and constituted the
second most dominant class in terms of phytoplankton abundance.  The diatoms can be
classified as the R-species due to their tolerance of continuous turbulence. It is possible to
draw a parallel with their dominance in April when the riverine conditions were highly
unstable due to the spring flood.

4.2 Variation in the phytoplankton population in the three study sites

In this study, that the phytoplankton abundances and biomass was highest in the lake-derived
stream, followed by the wetland stream and lowest in the groundwater stream (except for the
month of June) (Figure 6 and 7). The Lake Stortjärnen which feeds the lake-derived stream
(site 5) is a shallow brown water lake; 5m deep with DOC value around 22 mg/L (Martin
Berggren, oral communication). Brown-water lakes are characterized by high concentration of
dissolved organic material (DOM) of allochthonous origin, which together with iron (Fe)
explain their high water color (Järvinen, 2002).  Although brown-water lakes have no
characteristic phytoplankton species composition, cryptomonads and chrysophyceans
(classified as mixotrophs in this study) often form high biomasses in these lakes (Järvinen,
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2002). The abundance of crysophycean species may result from a high availability of chelated
iron and other essential micrometals present in the humic water. Furthermore, many
chysophycean species are mixotrophic and thus can dominate in brown water lake because
their facultative auto- and phagotrophy allow them to outcompete purely autotrophic species
during nutrient limited conditions (Järvinen, 2002).

It should be pointed out that in some research Cryptomonas has been classified as obligate
phototroph (Jones, 2000). However, there is sufficient evidence to classify these as
mixotrophs (potential) due to the following: Cryptomonads have been observed to thrive in
dark turbid waters; some have an anterior invagination which is involved in nutrition of the
cell; some degree of bacteriovory has also been reported and it is also argued that all
flagellates, except those having a thick cell wall, have the ability to ingest particles
(Blomqvist, 1994). From the result obtained in this study, mixotrophic flagellates constituted
the highest phytoplankton abundance in the lake-derived stream (Figure 14).  This implied
that the lake could be acting as a source of inoculum for this stream (site 5). Concerning the
wetland (peat bog) which supplied water to stream 4, it consisted primarily of sphagnum moss
and was thus acidic in nature.  According to Lu_ci_ska and Soska (1998), the mosaic structure
of peat-bog and biocenotic interaction, and the bigger access to nutrients are usually the main
reasons for explaining the richer and more abundant algal communities in peat-bogs as
compared to lakes. However, in our study, the total phytoplankton abundance was lower in the
wetland-derived stream as compared to the one derived from the lake (Figure 6). However,
even though the lake-derived stream had the highest phytoplankton abundance, the wetland-
derived stream had the highest diversity of phytoplankton (Figure 8) amongst the three
streams.  Lu_ci_ska and Soska (1998) also states that peat-bog rings around lakes may be
understood as an equivalent of the phytolittoral of nutrient-poor lakes; implying that peat-bogs
could actually seed nearby lakes.

The lake-derived stream studied had a catchment with a wetland cover of about 36% and this
could act as an additional source of phytoplankton for the lake and eventually for the stream
which followed. However, it could also be possible that the wetland was not contributing
additional phytoplankton to the lake because the peat-bog maybe acting as a sieve resulting in
filtration of phytoplankton.  This was observed when the phytoplankton population of the
wetland pond was compared with the wetland-derived stream (figure 10), where the
abundance of diatoms was significantly reduced. The groundwater stream had the lowest
abundance and biomass of phytoplankton throughout the study. This could be because small,
forested streams are typically heterotrophic ecosystems in that secondary production depends
on inputs of leaf litter and other allochthonous coarse particulate organic matter (CPOM) from
the riparian vegetation rather than primary production within the stream (Vannote et al.,
1980). Large inputs of CPOM do not, however, guarantee a high local availability of this
resource to the stream biota. The accumulation of benthic CPOM will strongly depend on
retentiveness, i.e. the ability of a channel to trap drifting CPOM into its streambed. Thus this
low nutrient availability associated with low light accessibility due to the forest canopy cover
resulted in an unfavorable environment for the growth of phytoplankton. However, a sudden
increase in the Cryptomonas genera abundance and biomass was observed in June in the
groundwater stream. This increase could actually be due to better environmental conditions
prevailing during summer months.
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4.3 Impact of catchment characteristic on the phytoplankton population

Rivers are products of their catchments in hydrological, geological as well as ecological
respects and therefore it is important to consider how they could influence the phytoplankton
population in the studied streams. If we compare the landcover type of the catchments of the
three studied streams (as described in the method section), site number 2 which was the
groundwater stream, consisted of 100% forest cover, whereas site number 4 and 5 which
correspond to the wetland and lake-derived streams respectively, had catchments consisting of
nearly the same percentage of forest and wetland cover (59% forest cover and about 36-40%
wetland cover) (Table 2) Thus the effect of the landcover should be similar for site 4 and 5
since they have more or less the same characteristics.

According to literature, depending on the type and size of catchment, the spring flood impact
can have a profound on the water flow; which is one of the most important hydrological
events in boreal regions. Sjöblom (2005) states that small catchments with a substantial
wetland part have a bigger event water fraction (melt and rain water entering catchment
during snow melt) in the streams and also has a quicker and greater response to snow melt
than small forested dominated catchments. This could be explained by the extensive and
homogeneous soil frost in wetland areas that causes surface flow paths where less water is lost
due to infiltration as compared to forest dominated catchments. Stream flow in forest
dominated catchments tend to have a slower and less important effect during snow melt due to
considerable infiltration causing a recharge of the soil water reservoirs (Sjöblom, 2005). This
distinct pattern of water flow in the wetland and forested dominated catchments could have an
important impact on the phytoplankton population in the streams.
In this study it was observed that in the wetland dominated catchments (lake-derived and
wetland stream), a sudden increase in the abundance and biomass of phytoplankton was
recorded in April which gradually decreased in May. This showed that the high water
discharge associated with the spring flood had a positive effect on the phytoplankton
abundance and its biomass (figure 2 and 3 respectively). This is supported by the strong
positive relationship between water discharge and phytoplankton abundance in both the
wetland and lake-derived streams (R2 values 0.98 and 0.84 respectively). However, in the
groundwater stream, no such sudden change was observed in the phytoplankton abundance or
biomass thus showing that spring flood did not have a significant impact on the phytoplankton
population in the groundwater stream which had a predominant forested catchment.
Furthermore, a very weak relationship (insignificant) was found between water discharge and
phytoplankton abundance in the groundwater stream (R2 = 0.17). Thus it can be deduced that
phytoplankton abundance, biomass and even its diversity can to a great extent be affected
during the spring flood based on the catchment characteristics (especially in boreal regions).

4.4 Effect of water transport on the phytoplankton population

Changes in phytoplankton abundance and diversity were investigated in the lake-derived
stream and groundwater stream as they were transported downstream (Figure 9 and 11
respectively). For each stream the distance of the sites considered was about 1 km away. An
increase in phytoplankton abundance was recorded in the groundwater stream while a
decrease in abundance was noted in the lake-derived streams.

Since the groundwater stream studied in the Krycklan catchment had a meandering course, it
provided retention structures (ponding) for phytoplankton reproduction. Furthermore, the
groundwater stream had a high amount of sphagnum moss growing in the stream bed which
could contribute to a lower water flow whereas the other streams had fine sediments. As
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stated by Holmes and Whitton (1981), much of the potamoplankton originates in rivers, in
quite bays and side arms where they can develop continuously. Since the water flow was quite
low in the summer months this could provide enough time was available for plankton growth.
According to Hynes (1970) potamoplankton enrichment from the source to the outfall is a
well-known tendency. It was also observed that some phytoplankton taxa which were not
found at the beginning of the groundwater stream appeared further downstream. These
changes in phytoplankton could be used to categorize them; with the taxa increasing
downstream being the “river type” and the decreasing ones being the “lake-type”. As
differentiated by Hynes (1970), some phytoplankton can originate from the benthos (drift)
while others can reproduce in situ and constitute the true plankton. This could imply that there
was the development of a true lotic phytoplankton population. In addition, detachment of
some benthic algae along the stream could also account for the increase. As stated by
Stoyneva (1994), it is impossible to distinguish the ‘true’ from the ‘false’ plankton.

The lake-derived stream showed a net decrease in the phytoplankton abundance with distance
downstream. At the beginning of the lake-derived stream (site 5), a high phytoplankton
abundance was recorded. This high count could be due to the influx of phytoplankton from
the upstream lake. According to Hynes (1970), lakes on the course of a river supply enormous
amounts of plankton. However, further downstream (site 6) there was a considerable decrease
in the phytoplankton population. This finding is supported by Hynes (1970) who states that
once water from a lake enters a river, the true plankton begins to decrease rapidly. The loss of
phytoplankton in the lake-derived stream could be due to sedimentation, grazing or due to
selective elimination of phytoplankton adapted to stagnant waters and thus they could not
survive in the unstable, turbulent and unidirectional flowing river conditions.

 4.5 Ecological specialization of phytoplankton

If the ecological specialization of the phytoplankton in this study is considered, mixotrophic
flagellates were found to be dominant during all the sampled months in all the study streams
(58% of flagellated mixotrophs in terms of abundance) (Figure 13). The advantage of being a
mixotroph compared to a specialist autotroph or heterotroph is assumed to be better survival
during periods of resource limitation (Samuelsson et al., 2002). During these situations,
mixotrophs are superior to autotrophs due to their ability to retrieve phosphorus and nitrogen
through phagotrophy, and superior to heterotrophs due to their photosynthetic capacity
(Samuelsson et al., 2002). In the present study, the streams were mainly oligotrophic and thus
mixotrophic strategy was favorable for the phytoplankton as this ensured better survival
chances. It was also observed that the mixotrophic flagellates were highest in the lake-derived
stream (figure 14). This showed that they could be derived from the upstream brown water
lake because mixotrophy has been suggested to be an especially successful strategy in humic
lakes. This is mainly due to the prevailing impaired light climate, high bacteria:phytoplankton
biomass ratio and fairly low concentrations of inorganic nutrients (Pålsson & Granéli, 2004).
As explained by Jones (2000), conditions of unfavorable light and relatively high DOC is
disadvantageous to obligate phototrophs because of both light limitation and increased
competition with bacteria for inorganic P. In a study made by Isaksson et al., (1994), the
mixotrophic chrysophytes were the dominating bacterivores at all times, grazing 3-14% of
bacterial standing stock daily. In humic lakes, due to the high level of DOC and low light
availability prevailing, bacterial growth is favored. Under these conditions, mixotrophic
behaviour where the phytoplankton obtains nutrients from bacteria and energy from both solar
radiation and carbon oxidation seems to be best adapted ecological specialization.
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This study also showed that the abundance of immobile autotrophs started to increase in April,
May and June.  This could be due to an increase in light, temperature and nutrient availability.
However, it should be recognized that being mixotrophs during better environmental
conditions is not very beneficial. This is because mixotrophs have to incur higher basal
metabolic costs than obligate auto- or heterotrophy. The most apparent cost is that of
synthesizing both the photosynthetic and the phagotrophic apparatus (Pålsson & Granéli,
2004). Thus there are trade-offs involved depending on the feeding strategy that the
phytoplankton species have.

4.6 Abiotic and biotic influence on river phytoplankton

pH

Wetland dominated streams have higher contribution of organic acids and hence higher DOC
compared to forested streams and this results in a lower pH in wetland dominated streams as
compared to forested ones (Buffam, 2007). The results obtained in this study are in
accordance to literature with higher DOC and lower pH values (Table 4) in the wetland-
dominated areas for all the months. However, during the spring flood, the pH of the forested
stream decreased (5.1 to 4.7) while its DOC concentration increased from 11.7 to 21.5mgl-1.
Concerning the wetland dominated catchments; only stream 4 showed a decrease in its DOC
value (stream 5 stayed nearly the same). This contrasting result was explained by Buffam
(2007) who proposed that the transition from winter to spring flood stream chemistry could be
due to: (1) a shift form mineral to upper riparian organic soil flowpaths in forested and mixed
catchments and (2) dilution of peat water with snowmelt in wetland catchments.

pH also explain some variability in phytoplankton assemblages. Phytoplankton cells tolerate a
range of pH, specific to a species.  When the cell cannot maintain its plasma pH, critical
enzymes may not function (Townsend et al., 2003). The ionic chemistry of the streams found
in Krycklan catchment could exert selective pressure on the assemblage of phytoplankton. In
the study sites, the pH value ranged from 4.3 to 5.7, and according to the Swedish
Environmental Protection Board (2000), these values correspond to class 4 and 5 which
denominates acidic to very acidic waters. From Januray to April, the pH in the three study
streams varied from 5.0 to 4.3. This period was characterized by a clear abundance of
chrysophytes which usually thrive in acidic conditions. Oochromonas and Chlamydomanas
are the two genera which have even been found to be living in acidic water of 2.5 to 3.5 in
Germany (Nixdorf et al., 1998).  In May and June as the pH began to rise to a value of 5.7, a
shift in the abundance of phytoplankton taxa was noted with Cryptomonas becoming highly
dominant. According to Nixdorf et al., (1998), Cryptomonas are usually found in less acidic
waters (pH 5.7–7.0) and this could explain the sudden rise in the cryptophyta class bloom.
However, no significant correlation was found between pH and phytoplankton abundance or
biomass during the sampled months for all the stations.

DOC

The DOC value obtained in this study is in agreement with literature, with the streams found
in the wetland-dominated catchments having a clearly higher DOC value as compared to the
stream found in forested catchment (except for April) (Table 4). The high level of DOC in the
wetland and lake-derived streams could have contributed to boost the abundance and biomass
of phytoplankton, especially the mixotrophs, in these streams while in the groundwater stream
the DOC obtained comes mainly from its forested catchment which usually have a very high
humic content (Reche & Pace 2002); which are more recalcitrant to degradation and is less
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available to the biota. Thus this might have acted as a limiting factor and account for the low
population of phytoplankton found in the groundwater stream.  A significant positive
relationship was found between DOC and phytoplankton abundance showing that DOC
enhanced phytoplankton growth and development (Figure 15).

Water discharge

The significant positive correlation found between phytoplankton abundance and discharge
(Figure 16) suggests that increase in water flow lead to a rise in the amount of phytoplankton
recorded. This finding is in agreement with results of Lack 1971, Søballe & Kimmel 1987,
Reynolds, 1988 & Pace et al., 1992 who found that discharge is of overriding importance in
various water systems they studied including rivers, lakes and impoundments. Therefore it can
be deduced that water discharge plays a pivotal role in determining the abundance and
biomass of the phytoplankton population in low-order streams. Water residence time (related
to discharge) also tend to influence the community structure of the river phytoplankton. Since
the growth rate of algae is inversely related to cell size, it is expected that small-sized algae
with faster growth rates should theoretically dominate in systems with short water residence
times, and large cells should contribute a greater proportion to total biomass with increasing
residence times. From the results collected, it was noted that in April, where the water
discharge was highest, (40.5 l/s); the smaller sized chrysophyte taxa were the most abundant.
However, when the discharge gradually decreased in June, the cell abundance and biomass of
larger phytoplankton such as cryptophytes increased significantly. Although the usual effect
of flooding is dilution and downstream transport, under certain circumstances floods might
augment river plankton by washing in population from upstream stagnant waters (Allan,
1995). It is also possible that the increase in phytoplankton during high flow was partly due to
the dislodging and scouring of periphyton cells from surfaces.  These results clearly show that
the water discharge has a profound impact in determining the dominant phytoplankton
population in streams.

Ciliates

The ciliate biomass and abundance was lower than that of the phytoplankton population for all
the sampled months. The ciliate abundance and biomass reached its peak in June (126480
cells per liter and 0.26mm3/l respectively (all stations included)). The groundwater stream was
found to have the highest abundance of ciliates in June as compared to the wetland and lake-
derived streams (figure 17 (a)).  This increase could be attributed due to the lower water flow
(0.64 l/s) (which was most pronounced in the groundwater stream due to greater retention
factors) and increasing temperature.  This finding is in accordance to literature stating that it is
clear that phytoplankton is always more abundant than zooplankton in rivers (Hynes, 1970).
Although large-bodied zooplankton (such as Daphnia) was not sampled in this study, a
parallel can be drawn on the effect of ciliates on phytoplankton population (based on available
literature). Allan (1995) reported that zooplankton grazing does not appear to constitute a
major loss term for phytoplankton under most conditions.  Similar results have been reported
by Wetzel (2001). A significant positive relationship was found between the ciliate and
phytoplankton abundance (figure 18) suggesting that ciliates did not negatively affect
phytoplankton development. Since the phytoplankton population consisted mostly of
flagellates, this could impede ciliate grazing ability due to the mobility of phytoplankton. In
addition, since small sized phytoplankton were mostly dominant in the streams, this could
hinder ciliates from eating them due to their low visibility. Also, they might not be the
preferred food choice of ciliates. The simultaneous increase in the ciliate and phytoplankton
population could be due to the fact that they were both favoured by the prevailing
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environmental factors. However, I believe that the number of large-bodied zooplankton and
ciliates would have gradually increased during summer and they could exert some grazing
pressure on the phytoplankton population. Since the sites under study was dominated by
acidic oligotrophic waters, it was likely that growth of crustaceans and mussels would be
restricted due to their dependence relatively high pH and mineral requirements.

5. Conclusions

This study allowed us to learn more about the phytoplankton dynamics residing in low-order
streams in boreal regions. It was observed that the abundance, biomass and diversity of
phytoplankton in the three studied stream differed based on the source of water income. In
this study it was found that the lake-derived stream had the highest phytoplankton abundance
amongst the three. However, the wetland-derived stream was found to have the highest
diversity. The groundwater stream had the lowest abundance, biomass and diversity for all the
months except in June where a steady increase was recorded. It can be deduced that
backwaters together with their catchment characteristic indeed play an important role in
shaping the phytoplankton community. Water discharge was found to be the most important
factor regulating phytoplankton population especially during the snow melt where a
significant rise was observed in terms of phytoplankton abundance, biomass and diversity. It
must also be emphasized that the unique characteristic of lotic system which is their
unidirectional flow is of major influence in determining the dominance of phytoplankton
group. It was found that the chrysophytes which had a rapid replication time was dominating
in all the streams. The ecological specialisation found to be most predominant was
mixotrophy; mainly because of the oligotrophic water status of the streams and also since the
upstream localities were mostly humic (low light availability and high bacterial abundance).
Finally it should be recognized that a prolonged study of the phytoplankton population during
the whole summer and autumn would definitely provide a more comprehensive understanding
of the phytoplankton dynamics and also how it can be influenced by the interplay of physical
processes and biotic interactions.
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APPENDIX A

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: January
 Stream
 Wetland Lake Groundwater
Cyanophyceae    
Merismopedia tenuissima (Lemm.) 2000   
    
Cryptophyceae    
Cryptomonas rostratiformis (Skuja)   9000
Cryptomonas sp. 2000   
    
Chrysophyceae    
chrysococcus sp. 87000  34000
Oochromonas sp. 27000   
Paraphysomonas sp. 3000 30000 1000
Centritractus dubius Printz 2000   
Chrysococcus klebsianus (Pasch) 45000  4000
Chrysococcus puntiformis (Pasch.)  379000  
Monas sp.  52000 3000
Spiniferomonas sp.   1000
    
Diatomophyceae    
Fragilaria sp. 2000   
    
Chlorophyceae    
Monomastix opisthostigma (Scherff.) 7000   
Ankistrodesmus sp. 6000  2000
Chorella sp. 98000  30000

Subject: Phytoplankton biomass (mm3/l)
Month: January
 Stream
 Wetland Lake Groundwater
Cyanophyceae    
Merismopedia tenuissima (Lemm.) 0.0002   
    
Cryptophyceae    
Cryptomonas rostratiformis (Skuja)   0.0360
Cryptomonas sp. 0.0057   
    
Chrysophyceae    
chrysococcus sp. 0.0085  0.0033
Oochromonas sp. 0.0026  
Paraphysomonas sp. 0.0031 0.0306 0.0010

Centritractus dubius Printz 0.0001   
Chrysococcus klebsianus (Pasch.) 0.0459  0.0041
Chrysococcus puntiformis (Pasch.)  0.0371  
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Monas sp.  0.0338 0.0020
Spiniferomonas sp.   0.0010
    
Diatomophyceae    
Fragilaria sp. 0.0045   
    
Chlorophyceae    
Monomastix opisthostigma 0.0046   
Ankistrodesmus sp. 0.0014  0.0005
Chorella sp. 0.0216  0.0066

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: March

Stream
 Wetland Lake Groundwater
Cyanophyceae    
Chroococcus minutus (Kütz) Näg)(cells) 11000   
Microcystis incerta (Lemm.) Lemm. (cells) 19000 2000  
Microcystis sp. (colony) 1000   
0scillatoria limnetica Lemm. (Lemm.) 2000   
Merismopedia tenuissima Lemm. (colony) 1000   
Anabaena sp. 19000   
    
Cryptophyceae    
Cryptomonas sp. 1000 4000 2000
    
Crysophyceae    
Chrysococcus sp. 45000 26000 5000
Paraphysomonas sp. 2000 4000  
Chrysococcus klebsianus Pasch. 2000 4000 5000
Chrysococcus puntiformis Pasch. 57000 69000 56000
Monas sp. 16000 15000 5000
Chromulina sp. 15000 5000 5000
Phaeaster sp. 30000 8000 3000
Uroglena europaea (Pasch.) Lemm. 12000   
Uroglena sp. 49000 5000 7000
Paraphysomonas vestita (Stokes) 19000 5000  
Mallomonas akrokomos (Ruttn.) 2000 1000 1000
Pseudokephyrion sp. 1000 3000  
Kephyrion sp. 2000   
Dangeardinella sp.  3000  
Mallomonas sp.  1000  

Diatomophyceae    
Pennales    
Fragilaria sp.   3000
Diatoma vulgaris (Bory) 6000 3000  
Syndra berolininesis (Lemm.) 2000   
    
Dinophyceae    
Gymnodinium sp. 1000   
Ceratium sp. 1000   
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Chlorophyceae    
Ankistrodesmus sp. 10000 1000 2000
Chlamydomonas sp. 2000 1000 3000
Crucigenia quadrata (Morr.)   1000
Pyramimonas sp.  56000  
Ankyra sp.  1000  
Chorella sp. 17000 35000 11000
    
Euglenophyceae    
Distigma striato-granulatum (Skuja) 1000   

Subject:Phytoplankton biomass (mm3/l)
Month: March
 Stream
 Wetland Lake Groundwater
Cyanophyceae    
Chroococcus minutus (Kütz) Näg)(cells) 0.0004   
Microcystis incerta (Lemm.) Lemm. (cells) 0.0002 0.00002  
Microcystis sp. (colony) 0.1530   
0scillatoria limnetica (Lemm.) 0.0003   
Merismopedia tenuissima (Lemm.) (colony) 0.0000   
Anabaena sp. 0.0047   
    
Cryptophyceae    
Cryptomonas sp. 0.0029 0.0114 0.0057
    
Chrysophyceae    
Chrysococcus sp. 0.0044 0.0026 0.0005
Paraphysomonas sp. 0.0020 0.0041  
Chrysococcus klebsianus Pasch. 0.0020 0.0041 0.0051
Chrysococcus puntiformis Pasch. 0.0056 0.0068 0.0055
Monas sp. 0.0104 0.0098 0.0033
Chromulina sp. 0.0044 0.0015 0.0015
Phaeaster sp. 0.0066 0.0018 0.0007
Uroglena europaea (Pasch.) Lemm. 0.0062   
Uroglena sp. 0.0008 0.0001 0.0001
Paraphysomonas vestita (Stokes) 0.0070 0.0019  
Mallomonas akrokomos (Ruttn.) 0.0001 0.0000 0.0000
Pseudokephyrion sp. 0.0001 0.0002  
Kephyrion sp. 0.0010   
Dangeardinella sp.  0.0003  
Mallomonas sp.  0.0008  
    
Diatomophyceae    
Pennales    
Fragilaria sp.   0.0067
Diatoma vulgaris (Bory) 0.0840 0.0420  
Syndra berolininesis (Lemm.) 0.0010   
    
Dinophyceae    
Gymnodinium sp. 0.0098   
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Ceratium sp. 0.0007
 
Chlorophyceae
Ankistrodesmus sp. 0.0023 0.0002 0.0005
Chlamydomonas sp. 0.0007 0.0004 0.0011
Crucigenia quadrata (Morr.)   0.0002
Pyramimonas sp.  0.0366  
Ankyra sp.  0.0029  
Chorella sp. 0.0037 0.0077 0.0024
    
Euglenophyceae    
Distigma striato-granulatum (Skuja) 0.0041   

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: April
 Stream
 Wetland Lake Groundwater
Cyanophyceae    
Merismopedia sp. 20460 7440  
Anabaena sp. (filament) 20460 7440 5813
    
Cryptophyceae    
Cryptomonas sp.  11160  
    
Diatomophyceae    
Pennales    
Flagilaria sp. 24180 7440 2325
Tabellaria sp. 9300  1163
Sp. 1 9300  3488
Sp. 3 79980  39525
Sp. 4 14880 7440 10463
Sp. 5  52080 5813
Cymatopleura sp. 3720   
Centrales    
Cyclotella sp. 26040 22320 8138
    
Chrysophyceae    
Chromulina sp. 161820 807240 104625
Chrysococcus sp.  66960  
Kephyriopsis sp. 24180 29760 3488
Oochromonas sp. 37200 115320 11625
Chrysococcus puntiformis (Pasch.) 59520 85560 46500
Uroglena sp. 128340 63240 91838
Paraphysomonas vestita (Stokes) 111600 78120 2325
    
Chlorophyceae    
Chlorella sp. 161820 215760 83700
Chlamydomonas sp. 26040 40920 2325
Ankistrodesmus sp. 11160  1163
Treubaria sp. 234360 189720 3488
Monoraphidium sp. 13020  8138
Pyramimonas sp.  14880  
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Subject: Phytoplankton biomass (mm3/l)
Month: April
 Stream
 Wetland Lake Groundwater
Cyanophyceae    
Merismopedia sp. 0.0002 0.0001  
Anabaena sp. (filament) 0.0050 0.0018 0.0014
    
Cryptophyceae    
Cryptomonas sp.  0.5848  
    
Diatomophyceae    
pennales    
Flagilaria sp. 0.3966 0.1220 0.0381
Tabellaria sp. 0.0328  0.0123
Sp. 1 0.0339  0.0042
Sp. 3 0.0105  0.0052
Sp. 4 0.0146 0.0073 0.0103
Sp. 5  0.0102 0.0011
Cymatopleura sp. 0.0058   
Centrales    
Cyclotella sp. 0.0057 0.0049 0.0018
    
Chrysophyceae    
Chromulina sp. 0.0469 0.2341 0.0303
Chrysococus sp.  0.0066  
Kephyriopsis sp. 0.1267 0.1559 0.0183
Oochromonas 0.0036 0.0113 0.0011
Chrysococcus puntiformis (Pasch.) 0.0005 0.0007 0.0004
Uroglena sp. 0.0021 0.0010 0.0015
Paraphysomonas vestita (Stokes.) 0.0247 0.0173 0.0005

   
Chlorophyceae    
Chlorella sp. 0.0023 0.0030 0.0012
Chlamydomonas sp. 0.0096 0.0151 0.0009
Ankistrodesmus sp. 0.0026  0.0003
Treubaria sp. 0.2836 0.2296 0.0042
Pyramimonas sp.  0.0097  

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: May
 Stream

Class Wetland Lake Groundwater
Cyanophyceae    
Merismopedia tenuissima (Lemm.) 16740   
Anabaena sp. (colony) 20460 11160 16740
    
Chrysophyceae    
chrysococcus sp. 9300   
Chrysococcus puntiformis (Pasch.) 197160 576600 128340
Oochromonas sp. 24180 44640 79980
Spiniferomonas sp. 5580   
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Paraphysomonas vestita (Stokes.) 9300 7440 1860
Uroglena sp. 22320 18600 22320
Kephyriopsis sp. 9300 22320 14880
Chromulina sp.  3720 189720
    
Diatomophyceae    
Pennales
sp. 1 27900   
Fragilaria sp. 22320 26040 61380
    
Chlorophyceae    
Ankistrodesmus sp. 5580  5580
Polytomella sp.   5580
Chlamydomonas sp.   66960
Pyramimonas sp.  107880  
Chorella sp. 145080 212040 94860
Treubaria sp.  18600  
    
Dinophyceae    
Gymnodinium sp.  33480  

Subject: Phytoplankton biomass (mm3/l)
Month: May
 Stream

Class Wetland Lake Groundwater
Cyanophyceae    
Merismopedia tenuissima (Lemm.) 0.0001   
Anabaena sp. (colony) 0.0050 0.0027 0.0041
    
Chrysophyceae    
chrysococcus sp. 0.0009   
Chrysococcus puntiformis (Pasch.) 0.0016 0.0047 0.0010
Oochromonas sp. 0.0024 0.0044 0.0078
Spiniferomonas sp. 0.0057   
Paraphysomonas vestita (Stokes.) 0.0021 0.0016 0.0004
Uroglena sp. 0.0004 0.0003 0.0004
Kephyriopsis sp. 0.0487 0.1170 0.0780
Chromulina sp.  0.0011 0.0550
    
Diatomophyceae    
Pennales
sp. 1 0.2812   
Fragilaria sp. 0.2790 0.3255 0.7673
    
Chlorophyceae
Ankistrodesmus sp. 0.0013  0.0013
Polytomella sp.   0.0002
Chlamydomonas sp.   0.0248
Pyramimonas sp.  0.0706  
Chorella sp. 0.0020 0.0030 0.0013
Treubaria sp.  0.0225  
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Dinophyceae   
Gymnodinium sp. 0.0274

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: June
 Stream

Class Wetland Lake Groundwater
Cyanophyceae    
Merismopedia sp. 33480 14880 7440
Spirulina sp.  74400 3720
Anabaena sp. (filament) 26040 93000  
Oscillatoria sp. 137640 55800  
Microcystis sp.  3720  
    
Cryptophyceae    
Cryptomonas sp. 3720 487320 539400
Chrysophyceae    
chrysococcus sp. 52080 111600 29760
Chrysococcus puntiformis (Pasch.) 338520 130200 78120
Oochromonas sp. 59520 18600 18600
Monas sp. 11160  3720
Paraphysomonas vestita (Stokes.)  178560  
Phaeaster sp.  319920  
Uroglena sp. 26040 55800 29760
Kephyriopsis sp. 11160 48360 22320
Chromulina sp. 14880 48360 3720
Rhizochrysis sp. 3720   
    
Diatomphyceae    
Pennales
Tabellaria sp.   11160
Fragilaria sp. 11160   
Centrales    
Cyclotella sp. 7440 37200  
    
Chlorophyceae    
Ankistrodesmus sp.  7440  
Polytomella sp.  11160  
Chlamydomonas sp.  119040  
Chlorella sp. 126480 96720 159960

Subject: Phytoplankton biomass (mm3/l)
Month: June
 Stream

Class Wetland Lake Groundwater
Cyanophyceae    
Merismopedia sp. 0.0003 0.0001 0.0001
spirulina sp.  0.0080 0.0004
Anabaena sp. (filament) 0.0255 0.0911  
Oscillatoria sp. 0.0202 0.0082  
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Microcystis sp.  0.0123  
    
Cryptophyceae    
Cryptomonas sp. 0.1949 25.5356 28.2646
    
Chrysophyceae    
chrysococcus sp.    
Chrysococcus puntiformis (Pasch.) 0.0052 0.0111 0.0030
Oochromonas sp. 0.0028 0.0011 0.0006
Monas sp. 0.0058 0.0018 0.0018
Paraphysomonas vestita (Stokes) 0.0073  0.0024
Phaeaster sp.  0.0395  
Uroglena sp.  0.0314  
Kephyriopsis sp. 0.0004 0.0009 0.0005
Chromulina sp. 0.0585 0.2534 0.1170
Rhizochrysis sp. 0.0043 0.0140 0.0011
 0.0019   
Diatomphyceae    
Pennales    
Tabellaria sp.   0.0406
Fragilaria sp. 0.1830   
Centrales 0.0016 0.0082  
Cyclotella sp.    
    
Chlorophyceae  0.0017  
Ankistrodesmus sp.  0.0004  
Polytomella sp.  0.0440  
Chlamydomonas sp. 0.0018 0.0014 0.0023
Chlorella sp. 0.0003 0.0001 0.0001

Subject: Phytoplankton species abundance (Number of cells per liter)
Month: May
 Wetland pond Groundwater (beginning)
   
Cyanophyceae   
Chroococus turgidus (Kütz) 14880 1163
Anabaena sp. (filament) 14880 1163
   
Diatomophyceae   
Pennales
Flagilaria sp. 267840 9300
Sp. 1 1755840  
sp 2 22320  
   
Chrysophyceae   
Chromulina sp. 115320 70913
Kephyriopsis sp. 11160 5813
Oochromonas sp. 81840 23250
Chrysococcus puntiformis (Pasch)  49406
   
Chlorophyceae   
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Chlorella sp. 230640 17438
Chlamydomonas sp.  47663
Ankistrodesmus sp.  2906
   
Dinophyceae   
Gymnodinium sp. 7440 1163
   
Undertermined 44640 18600

Subject: Phytoplankton species abundance (Number of cells per liter)

site 6 (downstream lake) January May April
    

Cyanophyceae    
Merismopedia tenuissima (Lemm.)(colony) 581  7440
Anabaena sp. (filament) 8138 3720  
    
Cryptophyceae    
Cryptomonas sp.   14880
    
Chrysophyceae    
chrysococcus sp.  70680 11160
Chrysococcus puntiformis (Pasch.) 13369 39060 59520
Oochromonas sp. 2906 11160 7440
Uroglena sp. 1744 9300 81840
Kephyriopsis sp. 4650 14880 55800
Chromulina sp. 1163 72540 468720
Paraphysomonas vestita (Stokes.)   33480
    
Diatomophyceae    
Pennales    
sp. 1 5813 20460 26040
sp. 3   11160
sp. 5   52080
Tabellaria   18600
Cymatopleura sp.   7440
Centrales    
Cyclotella sp. 4650  78120
    
Chlorophyceae    
Ankistrodesmus sp. 6975 5580 18600
Chlamydomonas sp. 2906 14880 74400
Chorella sp. 66263 206460 323640
Treubaria sp. 581  26040
Monoraphidium sp. 4000   
    
Dinophyceae    
Gymnodinium sp. 6000 3720 7440

APPENDIX B
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Subject: Ciliates species abundance (Number of cells per liter)
 Stream

Wetland Lake Groundwater
January 5000 75000
March 12000 4000
April 3720 3488
May 13020 11160 16740
June 22320 14880 89280

Subject: Ciliates biomass (mm3/l)
 Stream

Wetland Lake Groundwater
January 0.0133 0.0541
March 0.0260 0.0204
April 0.0078 0.0073
May 0.0546 0.0468 0.0701
June 0.0466 0.0311 0.1866


