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Abstract
Zooplankton communities of 17 subarctic ponds with differing catchment areas

and habitat types in northern Finland were surveyed during the open water season

from June to August. Ponds were located along a gradient that changes from a

mountain birch woodland to a treeless tundra. In all sites, cladoceran abundance

dominated that of copepods although there was a consistent pattern of increasing

relative abundance of copepods toward the most barren ponds. Species richness

declined with increasing altitude but diversity remained constant. Zooplankton

communities within the same habitat type were similar. Temporal variation in

species abundance showed a coherent temperature driven pattern along the whole

altitudinal transect.

Introduction

Lakes and ponds in northern Finland are situated along a
natural, 100-km-long south-north gradient from spruce and pine
forest to mountain birch woodland and finally to barren tundra.
This change in the catchment vegetation characteristics is strong
ly reflected in the chemical and physical conditions of the re
spective water bodies (Weckstrorn et al., 1997; Blom et al.,
2000). The lakes can be divided into two distinct groups ac
cording to their environmental characteristics. Forest lakes are
small, warm, acidic, and highly colored polyhumic waters with
high concentrations of total organic carbon (TOC) and iron (Fe).
Arctic lakes are large, cold and clear water bodies with higher
alkalinity, pH and calcium (Ca) values.

The chemical and physical environment in the water bodies
affects the community status of these lakes and ponds. There are
significant correlations between several plankton taxa and certain
chemical (pH, NOrN) and catchment (altitude, bedrock) char
acteristics in northern Sweden lakes (Nauwerck, 1994). Distinct
changes in diatom, chironornid, and cladoceran species compo
sition and diversity have also been noted in lakes in Finnish
Lapland when moving from coniferous forest zone to barren
tundra (Weckstrom et al., 1997; Korhola, 1999; Olander et al.,
1999).

Small ponds are the most numerous aquatic ecosystems in
northern Fennoscandia. The division of ponds into two groups
according to the forest type or the presence or absence of forest
in the catchment area only partly explains the environmental
variability among ponds. Ponds are shallow, which makes them
more homogeneous than larger lakes because water column is
seldom stratified; however, smaller catchment areas allow more
variability in water chemistry between nearby ponds than within
lakes.

The biota in ponds is also different from the lake biota. Due
to their shallowness, some ponds may totally dry out in summer
or freeze to the bottom during winter, which greatly affects the
organisms and may control the species composition more than
variability in water chemistry (Williams, 1987). Several studies
have provided evidence that the number of cladoceran species,
for example, in ephemeral ponds decreases as the duration of
the wet phase shortens (Mahoney et al., 1990; Girdner and Lar-

son, 1995). As a consequence of freezing, ponds without sea
sonal dispersal routes, such as inlets or outlets, also lack verte
brate predators, mainly fish. In general, species assemblages may
differ substantially between nearby waters despite the large-scale
similarities in regional physical and chemical environments (Pa
talas, 1964; Hebert and Hann, 1986); thus, a single pond usually
contains only a few species of the total zooplankton assemblage
that occur in the region.

In the absence of vertebrate predators, invertebrates and es
pecially plankton can be abundant in ponds. Zooplankton com
munity structure and seasonal patterns in the absence of fish are
thought to be mainly controlled by food abundance (Lair and
Ayadi, 1989), competition (Sprules, 1972; Rothhaupt, 1990),
habitat heterogeneity (Fryer, 1985), and temperature and hy
drography (Moore, 1996; Girdner and Larson, 1995). Zooplank
ton species number is also clearly connected with altitude (Pen
nak, 1958; Reed, 1962; Hebert and Hann, 1986; Sandey and
Nilssen, 1986; Raina and Vass, 1993; Rautio, 1998) that influ
ences biota either indirectly via changes in forest and vegetation
zones or directly through physical parameters such as tempera
ture. The critical altitude seems usually to be the treeline, above
which the number of species greatly declines and the species
composition changes. According to Patalas (1964) the number
of mesozooplankton species declined from eight to one when
moving from the altitude of 1400 to 3200 m above sea level.

The aims of this paper are (1) to provide data on natural
physicochemical variability of treeline ponds in northern Finnish
Lapland, (2) to determine crustacean zooplankton species com
position and abundance in relation to environmental character
istics, and (3) to describe the seasonal succession of the most
common zooplankton taxa. The paper is a continuum to the ear
lier study where preliminary analysis of the zooplankton distri
bution among different ponds was made based on the species
presence-absence data (Rautio, 1998).

Material and Methods
STUDY AREA AND SAMPLING

A total of 17 shallow, small (mean area = 0.8 ha, range
0.1-2.7 ha) ponds were randomly chosen from a bank of ap
proximately 50 ponds in the Kilpisjarvi area in northwest Fin-
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FIGURE I. Location of study ponds and their identificat ion
numbers in Kilpisjdrvi, northwest Finland. Ponds labeled with
letters (A-D) were sampled only for water chemistry and chlo
rophyll-a.

land that are studied for their environmental characteristics and
crustacean zooplankton communities (Fig . I). The environment
is described by Rautio (1998). Pond numbering followed Rauti o
(1998); pond I was located at the lowest (490 m) and pond 17
at the highest (940 m) altitude. Six pond s were in the mountain
birch woodland (MBW) and II above the treeline of birch (Bet
ula pubescens tortuosa) that follows the 6<Kl-m contour. Though
several ponds are connected by inlets to larger lake s and may
harbor summer populations of fish, current knowledge suggests
all ponds are fishless. For ponds 3, 7. 9-15. and 17 this was also
indirectly supported by the occurrence of fairy shrimps tPolyar
temia forcipata, Anostraca) which elsewhere are effectively
preyed upon by fish (Kerfoot and Lynch . 1987) .

Invertebrate predators were not quantified in this study. Pre
vious literature published from the study area (Bagge. 1968:
Krogerus, 1972) as well as our personal observation. however.
give some information of the occurrence of various taxa in the
ponds. The most common predatory insect groups in the area
include beetles (Coleoptera) and water bugs (Heteroptera) which
occurred in all studied ponds. Dragon flies (Odonata) and caddis
flies (Trichoptera) were more restricted to ponds that were sur
rounded by macrophytes. and phantom midge larvae (Diptera:
Chaoboridae) to humic waters (Bagge, 1968: Krogerus, 1972).

Temperature and pH were measured weekly during the
summer 1994 from the surface water by a mercury thermometer
and a Hanna Instruments pH-meter. Altitud e abo ve sea level and
surface area of each pond were calculated by using a geograph
ical map of the area. Maximum depth was either estimated vi
sually or measured accurately by snorkelling and with a help of
a plumb line. Most ponds were less than 2 m deep and freeze
to bottom in winter. Only the ponds 15 and 16 were deeper. 6
m and 3 rn, respectively .

Conductivity and the concentration of dissolved organic
carbon (DOC), total nitrogen, total phosphorus. and planktonic
and epil ithic chlorophyll-a were measured one to five time s dur
ing open water period between 1996 and 1999. In addition to

pond s in which zooplankton was sampled, the above mentioned
variables were studied in some other pond s in the area (ponds
A-E in Fig. I). Conductivity was measured in situ with a Hanna
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Instruments sensor. Samples for nutrients were analyzed by Lap
land Reg ional Environmental Centre within 48 h of the sampling
using standard methods of the National Boards of Waters in Fin
land . The chlorophyll-a samples were filtered through Whatman
GF/C glas s fiber filters and calculated spectrometrically after Jef
ferey and Humphrey (1975). Ep ilithic chlorophyll was deter
mined from 7.5 X 2.5-cm slides that were left in the ponds at
30-cm depth for I mo (July 1996) . Slides were carefully washed
with distilled water. The solution was then filtered (GF/C) and
the chlorophyll-a was measured as the planktonic samples.

Zooplankton samples were taken weekly during the day
time from early June until late August 1994. Sampling was per
formed with a 50-fLm plankton net ju st outside the littoral veg
etation if present and always at the same sampling location. The
net was gently pulled horizontally 4 time s through a l -rn-course
at each sampling site . For the con sistent sampling performance
the samples were treated as quantitative. Plankton samples were
preserved in a 4% formalin solution in the field and later iden
tified and counted under a binocular or an inverted microscope.
using magnifications of 25X to 4<Kl X. Naupliar stages of cope
pods were not included in the study. Identification of the species
was based mainly on the following sources : Rylov ( 1948). Enck
ell (l980). Lilljeborg (1982). and Amoros (1984).

STATISTICAL ANALYSES

The environmental data available for all ponds consist of
eight catchment. habitat. water chemistry. and biological vari
ables. These data include altitude, surface area, maximum depth,
surface-water temperature. pH , DOC . bottom type (stone. coarse
brown. soft light. thick algae mats) and presence/absence of an
giosperm vegetation. Principal component analysis (PCA) was
used to summarize the major patterns of variation within these
data. PeA is an ind irect ordination technique where data may
be examined visually and any structure identified (Everitt. 1978).

Detrended correspondence analysi s (DCAl was used to
ident ify major patterns of the zooplankton community compo
sitions. Thi s analysis was chosen because of the gradient length
of 2.9 SO units and the strong arch effect gained in PCA . Gra
dient lengths can be used to ascertain whether linear or non
linear ordination methods arc more appropriate in statistical anal
yses. Gradients longer than 2 standards deviation (SO) units in
dicate that the data are nonlinear. whereas gradient lengths < I .5
SO refer to linear responses (ter Braak and Prentice. 1988) . DCA
is an indirect gradient method that summarizes directions of var
iation in a given dat a set and reveals relationships between eco 
logical assemblages (Hill and Gauch. 1980). Prior to the analy
ses. absolute species abundances were In(x + I)-transformed to
reduce skewed distributions. Both ordination analyses were per
formed using the computer program CANOCO. vers ion 4.0 (ter
Braak and Smilauer. 1998).

Results
Axes I and 2 of the PCA had eigenvalues of 0.47 and 0.26,

respe ct ively, and accounted for 46.7% of the total var iance in
the environmental data. The first PCA axis is mainly an aliitude 
bottom type/temperature axis and separates high-altitude pond s.
plotted in the right of the diagram. from the low-alii tude and
soft bottom ponds with littoral vegetation, 1'1oiled on the left.
axis 2 is related more clearly 10 pH and surface area. The po
sition of ponds along the PCA ord ination allowed their divi sion
into four distinct groups (Fig. 2). Four of the MBW ponds (A.

B. 3. 7). which were boggy with coarse sediment bottom and



FIGURE 2. Principal co mponent analysis (peA) ordination of
the en vironmental variables in the 17 ponds.

pond s were colder than some of the barren ponds. This was
probably cau sed by the large depth.area ratio in ponds 15 and
16. which prevented them from cooling down as rapidly as the
more shallow ponds. All tundra ponds were shallow and exposed
to wind; thus their temperature declined more rapidly than that
of deep barren ponds. In late August the temperature in MBW
pond s was still over «tc.

All ponds had low nutrient and chi-a concentration (Table
I). The slightly higher total nutrient values in MBW-humic
ponds were probably related to the nutrients that were bound to
humic substances (Munster et al., 1999) . Values of pH were cir
cumneutral in MBW-c1ear and tundra ponds. In MBW-humic
ponds the water was more acidic. which is typical of humic
waters. Barren ponds also had lower pH values (mean 6.3) be
cause in the rocky catchment the runoff. which originates mostly
from melting snow and naturally acid rain (pH 5.6), is not buff
ered by the soils or vegetation.

The DCA analysis. which was chosen to test whether catch
ment and habitat differences were reflected in the zooplankton.
indicated that communities differed between ponds (Fig. 4). The
eigenvalues of the first two axes were 0.41 and 0.18, and to
gether the two axes accounted for 29% of the cumulative vari
ance. Small value of percentage of variance explained is typical
to spec ies data and is due to large number of taxa and many
zero values (ter Braak, 1994) . Assemblages from the same catch
ment and habitat type were scattered close to each other along
the DCA ordination space. The most compact group was formed
of the barren pond communities, whereas MBW and tundra com
mun ities were scattered in the ordination with more vari ation in
their locations. The scattering pattern could also be seen as a
continuum along the altitude gradient from MBW to tundra and
to barren.

The number of species per pond varied between 7 and 20
(Fig. 5) . Although the declining trend in total species number
from MBW to barren ponds was clearly detectable. it resulted
only from the change in the number of Cladocera (linear re
gression r! = 0.6, P = 0.00 I). The total number of Copepoda
did not change significantly with the altitude (r! = 0.02 . P =
0.87). Although the total spec ies number greatly diminished with
increasing altitude, the Simpson's index of species diversity did

not change significantly (linear regression r! = 0.36. P = 0.59).
thus the diversity differences between ponds were not connected
to altitude or pond habitat type.

Although the species number and composition varied be-
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other in seasonal water temperature patterns and water chemis
try . Barren ponds were covered with ice early in the sampling
season in June. whereas the mean temperature for MBW ponds
at that time was already over 5°C <Fig. 3). The maximum tem
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TABLE I

Characteristics of the study ponds. Data from ponds that lack zooplankton information are also included.

MBW-c1ear MBW-humic Tundra Barren

Altitude (m) 490-600 510-600 600-700 700-1000

Number of ponds 5 4 6 6
Mean pH 7.2 5.9 7.2 6.3
Mean conductivity (IL5 cm I) 40 16 29 5
Mean DOC (ILgL') 4.2 11.0 3.6 1.2

4 13 4 5

p...",,,",,, (ILg L ') 5 18 4 5

p.""..,., (ILg L ') 220 340 160 130

N"'(J,,",,' <ILg V') 310 710 160 190

N.""...., (ILg L") 0.6 0.9 0.4
Epilithon chl-a,.,y <ILg L I cm ') 8.6 10.8 1.4 0.4

FIGURE 4. Detrended correspondence analysis (DCA) ordi
nation of the crustacean zooplankton communities in the 17 stud
ied ponds. Ponds from the some catchment type are grouped.

tween the pond groups, only one third of the species (13/39)
were restricted to one habitat type (Table 2). Still only five spe
cies were present in all pond categories, which indicated that
most species had affinity preferences to certain environmental
characteristics. Simocephalus vetulus, Lathonura rectirostris,
Rhynchotalona falcata, and Alona costata were only found in
clear MBW ponds. They all occurred in very low numbers, how
ever, and contributed less than I% of the total species abundance
found in that pond group. Equally rare was Acantholeberis cur
virostris, that was only found in humic ponds, and Holopedium
gibberum, Drepanothrix dentata, Bythotrephes longimanus, Me
gacyclops gigas, and Acanthocyclops vernalis which were only
found in the tundra ponds. Cyclops scutifer, which only occurred
in barren ponds represented 3% of the barren zooplankton abun
dance, whereas Mixodiaptomus laciniatus, found only in barren
ponds, and Daphnia longispina, occurring only in humic MBW
ponds formed 30 and 76%, of the zooplankton abundance in
these ponds, respectively.

The species that were found in all pond groups and could
therefore be considered most cosmopolitan were Ceriodaphnia
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quadrangula, Chydorus sphaericus, Alonella nana, Bosmina ob
tusirostris, and Polyphemus pediculus. Of these C. sphaericus,
A. nana, and B. obtusirostris were also the most abundant spe
cies in the surface-sediment data of the 53 lakes in the same area
(Korhola, 1999).

The copepods Mixodiaptomus laciniatus and Microcyclops
gracilis and the cladocerans Polyphemus pediculus, Bosmina ob
tusirostris, Chydorus sphaericus, Acroperus elongatus. Scapho
leberis mucronata, and Daphnia longispina each had an abun
dance of more than 5% of the zooplankton community in one
of the studied pond groups (Table 2). These were further studied
in detail for their distribution and seasonal succession patterns
among ponds.

Mixodiaptomus laciniatus occurred only in barren ponds
where it was very abundant and formed over 75% of the whole
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TABLE 2

Species occurrence and representation (%) in different catch-
ment type ponds. Values over 5%, in bold, represent species that

were studied for their seasonal succession.

Taxon name MBW"o", MBWhumic Tundra Barren

Cladocera

Sida crystallina >0.00 0.03 0.00 0.00

Diaphanosoma brachyurum >0.00 0.12 0.00 0.00

Holopedium gibberum 0.00 0.00 0.01 0.00

Daphnia longispina 0.00 30.18 0.00 0.00

Simocephalus vetulus 0.22 0.00 0.00 0.00

Ceriodaphnia quadrangula 0.73 2.01 0.21 0.95

Scapholeberis mucronata 1.16 5.18 1.27 0.00

Ophryoxus gracilis 0.07 0.02 0.08 0.00

Drepanothrix dentata 0.00 0.00 0.01 0.00

Acantholeheris curvirostris 0.00 0.03 0.00 0.00

Streblocerus serricaudatus 1.16 2.18 1.27 0.00

Lathonura rectirostris >0.00 0.00 0.00 0.00

Eurycercus lamellatus 0.05 0.07 0.32 0.00

Acroperus elongatus 0.97 5.46 1.08 5.71

A. harpae 0.29 0.21 0.57 2.58

Dunhevedia crassa 0.00 0.05 0.00 0.04

Chydorus sphaericus 2.18 5.79 0.32 1.16

Rynchotalona falcata >0.00 0.00 0.00 0.00

Alona affinis 0.21 0.00 0.04 0.00

A. quadragularis 0.07 0.00 0.05 0.00

A. guttata 0.13 0.05 0.08 0.00.

A. costata 0.06 0.00 0.00 0.00

A. rectangula 0.07 0.00 0.01 0.00

Alonella nana 1.50 0.76 0.38 1.86

A. excisa 0.28 4.36 0.02 0.00

A. exigua 0.02 0.10 0.00 0.00

Bosmina obtusirostris 60.37 2.18 65.82 7.20

Polyphemus pediculus 29.03 33.38 28.37 1.15

Bythotrephes longimanus 0.00 0.00 0.01 0.00

Calanoida

Eudiaptomus graciloides 1.91 0.00 0.31 0.00

Mixodiaptomus laciniatus 0.00 0.00 0.00 75.96

Cyclopoida

Eucyclops serrulatus 0.00 0.00 0.01 0.02

Cyclops scutifer 0.00 0.00 0.00 3.01

Megacyclops viridis 0.05 0.02 0.01 0.00

M. gigas 0.00 0.00 0.06 0.00

Acanthocyclops vernalis 0.00 0.28 0.19 0.00

A. capillatus 0.00 0.00 0.14 0.00

A. crassicaudis 0.00 0.02 0.01 0.36

Microcyclops gracilis 0.46 7.50 0.00 0.00

Total species number 26 24 26 12

community. As naupliar stages were not included in the study
M. laciniatus was recorded only from mid-July onward after
copepodite stages appeared. In addition to M. laciniatus, A. elon
gatus preferred barren ponds where it occurred in relatively high
numbers, but also habited lower altitude ponds. Also Korhola
(1999) found this species typical of cold lakes with minerogenic
bottoms. Daphnia longispina but also C. sphaericus, S. mucron
ata, A. elongatus, and Microcyclops gracilis were associated
with the two humic ponds in mountain birch woodland. Poly
phemus pediculus and B. obtusirostris were the most common
species occurring in nearly all the studied ponds.

The seasonal succession of most of the studied species, es
pecially cladocerans seemed to follow quite closely water tem
perature (Fig. 6). The peak numbers were recorded at the time
or shortly after the seasonal maximum temperature. Most species

were also completely absent from the water column in early June
when some of the ponds were still partly ice-covered. The only
exceptions to this pattern were Microcylops gracilis which
reached maximum in early summer and Bosmina obtusirotris
and Daphnia longispina, which were present in the water column
from the ice-break onward. MBW-humic pond 7 dried out in
early August, which caused a peculiar seasonal pattern in D.
longispina.

Discussion
Extreme environments with steep environmental gradients

are ecologically interesting because sudden changes in species
composition can occur within relatively small areas (Cwynar and
Spear, 1991; MacDonald et aI., 1993). Catchment characteristics
are the main factors creating large-scale environmental gradients.
One of the most significant ecotones in Finland is the northern
treeline, which is the boundary between the boreal coniferous
forest taiga zone and the treeless tundra. In a smaller scale, how
ever, several other, more local transitions in the environmental
range can be recognized. These can be products of changes in
the soil type, vegetation or disturbances in the landscape. To
what extent aquatic ecosystems are influenced by different gra
dients in the environmental range depends largely on the size of
their catchment area. Large lowland lakes usually have large
catchments and thus reflect the overall soil and bedrock features
in the region. Small headwaters, on the contrary, have relatively
small catchments and therefore even small-scale changes in
catchment characteristics may affect the functioning of the water
body.

The present study indicates that physical and chemical fea
tures as well as the crustacean species composition in the Kil
pisjarvi region varied widely among the ponds with different
catchment and habitat types. This is ecologically significant be
cause it supports the hypothesis (e.g., Korhola et aI., 1998) that
the relationship between organisms and environmental factors
determining their distribution is clearest at boundaries between
different environmental ranges. At a regional scale, timing of ice
breakup, length of the ice-free period, and the general heat con
tent are defined by the location (shelter, altitude) and morphom
etry of the water body. The amount of macrophyte vegetation,
chemical weathering in the catchment area, and the distribution
of predators are related to the various catchment or habitat char
acteristics.

Temperature has been shown to be critical to the survival
and reproduction of zooplankton (Allan and Goulden, 1980;
Goss and Bunting, 1983; Moore et al., 1996). Many cladocerans
are unable to reproduce until the water has reached a certain
temperature level, e.g., Ceriodaphnia guadrangula demands
temperature over 8°C for reproduction (Allan, 1977), and the egg
production of Simocephalus vetulus is restricted when tempera
ture is below 7°C (Green, 1966). In cold habitats such as sub
arctic ponds where temperature may rise above this level only
temporarily and for a short period (1-2 wk) the occurrence of
such species is limited. This was also seen in this study; the
number of cladoceran species declined with declining tempera
ture. Growth rates of individuals are also strongly affected by
temperature (Allan, 1976; Nauwerck, 1978; Hanazato and Ya
suno, 1985; Lonsdale and Levinton, 1985). In general, growth
rates decrease with decreasing temperature. The development of
a cladoceran from an egg to an egg lasts 7 to 8 d at 20°C but
20 to 24 d when temperature declines lODe (Allan, 1976).

Changes in temperature also correspond with species suc
cession (Green, 1966; Sommer et al., 1986). During winter, crus-
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tacean zooplankton population density and species diversity are
minimal due to low temperature and low food concentration.
Cladocera overwinter as resting eggs, and Copepoda as late co
pepodite stages and adults or as resting eggs (Allan, 1976). All
overwintering stages must be able to tolerate dissipation and
complete freezing in shallow subarctic ponds that freeze solidly.
At the time of ice breakup zooplankton densities begin to in
crease. According to previous studies (Lair and Ayadi, 1989;
Romo, 1990), copepod nauplii as well as overwintered Cyclo
poida adults are the first ones found in the water column, fol
lowed by the Cladocera which hatch from the resting eggs. In
this study, the cyclopod M. gracilis appeared first in the water
column in spring whereas cladoceran occurrence was restricted
to mid and late summer (Fig. 6). Naupliar stages were not in
cluded in this study which accounts for the absence of M. laci
niatus early in the sampling season (Fig. 6).

A recent study by Gillooly and Dodson (2000) clearly dem
onstrates how cladocerans peak within the same narrow temper
ature range 15 to 20 DC regardless of the region. This was also
found in the ponds studied here where maximum cladoceran
abundances were regularly measured at or right after the seasonal
temperature maximum around 15 to 16DC (Fig. 3). Similar tem
perature defined patterns were not so clear in copepods because
they have longer generation times than cladocerans (Elgmork
and Eie, 1989), and their habit of overwintering as hatched in
dividuals (Allan, 1976), which makes the interpretation of the
results more difficult in samples taken during one summer pe
riod. Copepods, however, tolerate low food concentration and
temperature better than cladocerans (Lampert and Muck, 1985),
and are able to continue development and dominate in harsh
times and unfavorable habitats. In addition to survival, devel
opment, and reproduction, temperature also indirectly influences
food supply (algal biomass) and soil and sediment properties
(habitat availability) as well as the predator assemblage.

The richer topsoil in MBW pond catchments was most
probably the reason for higher nutrient concentrations and thus
algal biomass measured in these ponds (Table 1). These factors
most likely allowed the higher number of zooplankton species,
namely Cladocera, in MBW ponds via higher food levels (phy
toplankton) and richer habitat heterogeneity (abundant higher
vascular plants, bottom characteristics). Many cladocerans, such
as Sida crystallina, Eurycercus lamellatus, Rhynchotalona fal
cata, Ophryoxus gracilis, and Acantholeberis curvirostris are
strongly associated with vegetation (Hann, 1980; Korhola,
1999). This association, together with the unfavorable tempera
ture conditions, possibly explains their absence from barren
ponds. Some zooplankton species such as Acantholeberis cur
virostris and Acanthocyclops vernalis are typically found in acid
ic, humic waters (Rylov, 1949; Ward and Whipple, 1959) but
several other species also tolerate low pH if humus content is
high (Sarvala et al., 1999). Therefore the rather high number of
species found in humic MBW ponds despite their low pH is
typical. DOC is a potential energy source for zooplankton (Sa
lonen and Hammer, 1986), and may also indirectly increase food
for zooplankton by promoting the growth of phytobenthos by
altering nutrient availability (Vinebrooke and Leavitt, 1998). Ad
ditionally DOC acts as a protective shield against short wave
solar radiation (ultraviolet radiation, UV). This is a significant
advantage in polar areas where the high altitude, long daily solar
hours, and ozone depletion increase the ground level UV-radia
tion. Although there is variation in species response to elevated
UV irradiances (Siebeck, 1978; Williamson et al., 1994; Zaga
rese et al., 1997), Daphnia seems to be highly sensitive to high
UV concentration (Van Donk and Hessen, 1995; Zellmer, 1998).
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Therefore the limited distribution of Daphnia longispina in this
study to only humic ponds may be a result of its incapability to
withstand high radiation present in clear ponds. On the other
hand, D. longispina is a high efficiency bacterial feeder and
probably utilizes allochthonous carbon sources in humic ponds
(Kankaala, 1988).

Invertebrate predators acted as top predators in the sampled
ponds. In the absence of fish predation the length of the growing
season and the quality of the substratum and vegetation largely
determines distribution of aquatic insects (Bagge, 1968). There
fore, the water bodies above the treeline rank as the least favor
able habitats for aquatic insects; they, like zooplankton, were
most abundant below the treeline. The impact of invertebrate
predators on zooplankton species number could not be estimated.
However, it is clear that there are interactions between predatory
insects and zooplankton in these ponds. Quantifying this would
require more experimental work.

Conclusions
The present study of the relationship between the catchment

and habitat types and the crustacean abundance in treeline ponds
in subarctic Fennoscandia show that crustacean zooplankton
community composition is related to specific environmental gra
dients, and closely reflect the various physical and biological
gradients in the study region. Seasonal succession of most stud
ied species was related to water temperature. Peak abundance
was reached during the time of maximum temperature. Since
altitude influences temperature development, therefore maximum
temperature was reached in barren ponds later than in MBW
ponds. The timing of zooplankton maximum was also respec
tively off set between the ponds; maximum abundances occurred
later in high altitude ponds. As one of the first zooplankton com
munity analyses of small bodies of water performed in northern
Fennoscandia, the study serves as a starting point for further
investigations of geographical constraints in the development of
zooplankton populations.

Acknowledgments
This study was conducted at Kilpisjarvi biological station,

University of Helsinki, which provided a microscope for my use.
Maria Laamanen analysed the epilithic chlorophyll-a. Comments
and discussions with Atte Korhola and Marko Jarvinen improved
the manuscript significantly and are gratefully acknowledged.

References Cited
Allan, J. D., 1976: Life history patterns in zooplankton. Ameri

can Naturalist, 110: 165-180.
Allan, J. D., 1977: An analysis of seasonal dynamics of a mixed

population of Daphnia and the associated cladoceran com
munity. Freshwater Biology, 7: 505-512.

Allan, J. D. and Goulden, C. E., 1980: Some aspects of repro
ductive variation among freshwater zooplankton. In Kerfoot,
C. W. (ed.), Evolution and Ecology of Zooplankton Commu
nities. Hanover, NH: University Press of New England, 388
410.

Amoros, C. (ed.), 1984: Crustaces Cladoceres: Introduction pra
tique a la systematique des organismes des eaux continentales
Francaises, Bulletin de la Societe Linneenne de Lyon, 53: 71
145.

Bagge, P., 1968: Ecological studies on the fauna of subarctic
waters in Finnish Lapland. Annales Universitatis Turkuensis
Series A 1/ Biologie-Geographica, 40: 28-79.

Blom, T., Korhola, A., Weckstrom, J., Laing, T., Snyder, J., Mac-



Donald, G., and Smol, J., 2000: Physical and chemical char
acterization of small subarctic headwater lakes in Finnish Lap
land and Kola Peninsula. Verhandlungen der Internationalen
Vereinigung der Limnologie, 27: 316-320.

Cwynar, L. C. and Spear, R. W., 1991: Reversion of forest to
tundra in the central Yukon. Ecology, 72: 202-212.

Elgmork, K. and Eie, J. A., 1989: Two- and three-year life cycles
in the planktonic copepod Cyclops scutifer in two high moun
tain lakes. Holarctic Ecology, 12: 60-69.

Enckell, P. H. (ed.), 1980: Kriiftdjur. Bokforlaget Signum i Lund,
685 pp. (In Swedish.)

Everitt, B. S., 1978: Graphical Techniques for Multivariate
Data. London: Heinemann Educational Books Ltd, 5-41.

Fryer, G., 1985: Crustacean diversity in relation to the size of
water bodies: some facts and problems. Freshwater Biology,
15:347-361.

Gillooly, J. F. and Dodson, S. I., 2000: Latitudinal patterns in
the size distribution and seasonal dynamics of new world,
freshwater cladocerans. Limnology and Oceanography, 45:
22-30.

Girdner, S. F. and Larson, G. L., 1995: Effects of hydrology on
zooplankton communities in high-mountain ponds, Mount
Rainier National Park, USA. Journal of Plankton Research,
17: 1731-1755.

Goss, L. B. and Bunting, D. L., 1983: Daphnia development and
reproduction: responses to temperature. Journal of Thermal
Biology, 8: 375-380.

Green, J., 1966: Seasonal variation in egg production by Cla
docera. Journal of Animal Ecology. 35: 77-104.

Hanazato, T. and Yasuno, M., 1985: Effects of temperature in
the laboratory studies on growth, egg development and first
parturition of five species of Cladocera. Japanese Journal of
Limnology, 46: 158-191.

Harm, B. J., 1980: Occurrence and distribution of littoral Chy
doridae (Crustacea, Cladocera) in Ontario, Canada, and taxo
nomic notes on some species. Canadian Journal of Zoology,
59: 1465-1474.

Hebert, P. D. N. and Hann, B. J., 1986: Patterns in the compo
sition of arctic tundra pond microcrustacean communities. Ca
nadian Journal of Fisheries and Aquatic Sciences, 43: 1416
1425.

Hill, M. O. and Gauch, H. G., 1980: Detrended correspondence
analysis: an improved ordination technique. Vegetatio, 42: 47
58.

Jefferey, Y, S. W. and Humphrey, G. F., 1975: New spectropho
tometric equations for determining chlorophyll a, b, c I and c2
in higher plants, algae, and natural phytoplankton. Biochemie
und Physiologic der Pflanzen. 167: 191-194.

Kankaala. P., 1988: The relative importance of algae and bacteria
as food for Daphnia longispina (Cladocera) in a polyhumic
lake. Freshwater Biology, 19: 285-296.

Kerfoot, W. C. and Lynch, M., 1987: Branchiopod communities:
associations with planktivorous fish in space and time. In Ker
foot, W. C. and Sih, A. (eds.), Predation: Direct and Indirect
Impacts on Aquatic Communities. Hanover, NH: University
Press of New England, 367-378.

Korhola, A., 1999: Distribution patterns of Cladocera in subarc
tic Fennoscandian lakes and their potential in environmental
reconstruction. Ecography, 22: 357-373.

Korhola, A., Weckstrorn, J. Olander, H., and Blom, T., 1998:
Assessment of chironomid, cladoceran and diatom assemblag
es as markers of global change in subarctic Fennoscandian
lakes. In Lernmela, R. and Helenius, N. (eds.), Conference on
Climate and Water. Espoo, Finland, 562-575.

Krogerus, H. (ed.), 1972: The invertebrate fauna of the Kilpis
jarvi area, Finnish Lapland. Acta Societas Pro Fauna et Flora
Fennica, 80: 1-250.

Lair, N. and Ayadi, H., 1989: The seasonal succession of plank
tonic events in Lake Aydat, France. A comparison with the
PEG model. Archiv fur Hydrobiologie, 115: 589-602.

Lampert, W. and Muck, P., 1985: Multiple aspects of food lim
itation in zooplankton communities: the Daphnia-Eudiapto
mus example. Archiv fur Hydrobiologie. Supplement Ergeb
nisse der Limnologie, 21: 311-322.

Lilljeborg, w., 1982: Cladocera Sueciee. In Rodhe, W. and Frey,
D. G. (eds.), Facsimile Reissue of the Original Edition with a
Prologue. Stockholm: Almqvist and Wiksell International. 701
pp.

Lonsdale, D. J. and Levinton, J. S., 1985: Latitudinal differen
tiation in copepod growth: an adaptation to temperature. Ecol
ogy, 66: 1397-1407.

MacDonald, G. M., Edwards, T. W. D., Moser, K. A., Pienitz,
R., and Srnol, J. P., 1993: Rapid response of treeline vegetation
and lakes to past climate warming. Nature, 361: 243-246.

Mahoney, D. L., Mort, M. A., and Taylor, B. E., 1990: Species
richness of calanoid copepods, cladocerans and other bran
chiopods in Carolina Bay temporary ponds. American Midland
Naturalist, 123: 244-258.

Moore, M. v.. Folt, C. F., and Sternberger, R. S., 1996: Conse
quences of elevated temperatures for zooplankton assemblages
in temperate lakes. Archiv fur Hydrobiologie, 135: 289-319.

Miinster, U, Salonen, K., and Tulonen, T., 1999: Decomposition.
In Eloranta, P. and Keskitalo, J. (eds.), Limnology of Humic
Waters. Leiden: Backhuys Publishers, 225-264.

Nauwerck, A., 1978: Bosmina obtusirotris Sars in Latnjajaure.
Archiv fur Hydrobiologie, 82: 387-418.

Nauwerck, A., 1994: A survey on water chemistry and plankton
in high mountain lakes in northern Swedish Lapland. Hydro
biologia, 274: 91-100.

Olander, H., Birks, H. J. B., Korhola, A., and Blom, T., 1999:
An expanded calibration model for inferring lakewater and air
temperatures from fossil chironomid assemblages in northern
Fennoscandia. The Holocene, 9: 279-294.

Patalas, K., 1964: The crustacean plankton communities in 52
lakes of different altitudinal zones of northern Colorado. Ver
handlungen der Internationalen Vereinigung der Limnologie,
15: 719-726.

Pennak, R. W., 1958: Regional lake typology in northern Colo
rado, U.S.A. Verhandlungen der Internationalen Vereinigung
der Limnologie, 13: 264-283.

Raina, H. S. and Vass, K. K., 1993: Distribution and species
composition of zooplankton in Himalayan ecosystems. Inter
nationale Revue der Gesamten Hydrobiologie, 78: 295-307.

Rautio, M., 1998: Community structure of crustacean zooplank
ton in subarctic ponds - effects of altitude and physical het
erogeneity. Ecography, 21: 328-337.

Reed, E. B., 1962: Freshwater plankton crustacea of the Conville
river area, northern Alaska. Arctic, 15: 27-50.

Romo, S., 1990: Seasonal zooplankton patterns in a shallow ol
igotrophic lake Loch Rusky (Scotland). Annates de Limnolo
gie, 26: 11-17.

Rothhaupt, K. 0., 1990: Resource competition of herbivorous
zooplankton: a review of approaches and perspectives. Archiv
fur Hydrobiologie, 118: 1-29.

Rylov, V. M. (ed.), 1949: Fauna of U.S.S.R.: Freshwater Cyclo
poida. Jerusalem: Israel Program for Scientific Translations.
314 pp.

Salonen, K. and Hammer, T., 1986: On the importance of dis
solved organic matter in the nutrition of zooplankton in some
lake waters. Oecologia, 68: 246-253.

Sandey, S. and Nilssen, J. P., 1986: A geographical survey of
littoral crustacea in Norway and their use in paleolimnology.
Hydrobiologia, 143: 277-286.

Sarvala, J., Kankaala, P., Zingel, P., and Arvola, L., 1999: Zoo
plankton. In Eloranta, P. and Keskitalo, J. (eds.), Limnology of
Humic Waters. Leiden: Backhuys Publishers, 173-191.

Siebeck, 0., 1978: Ultraviolet tolerance of planktonic crusta
ceans. Verhandlungen der Intemationalen Vereinigung der
Limnologie, 20: 2469-2473.

Sommer, D., Gliwicz, Z. M., Lampert, W. and Duncan, A. 1986:

M. RAUTIO / 297



The PEG-model of seasonal succession in planktonic events
in freshwater. Archiv fur Hydrobiologie, 106: 433-471.

Sprules, W. G., 1972: Effects of size-selective predation and food
competition on the high-altitude zooplankton communities.
Ecology, 53: 375-386.

ter Braak, C. J. E, 1994: Canonical community ordination. Part
I: Basic theory and linear methods. Ecoscience, 127-140.

ter Braak, C. J. E and Prentice, I. C., 1988: A theory of gradient
analysis. Advances in Ecological Research, 18: 271-317.

ter Braak, C. J. E and Smilauer, P., 1998: CANOCO reference
manual and user's guide to CANOCO for windows: Software
for canonical community ordination (version 4). Microcom
puter Power, Ithaca, NY. 352 pp.

Van Donk, E. and Hessen, D.O., 1995: Reduced digestibility of
UV-B stressed and nutrient limited algae by Daphnia magna.
Hydrobiologia, 307: 147-151.

Vinebrooke, R. D. and Leavitt, P. R. 1998: Direct and indirect
effects of allochthonous dissolved organic matter, inorganic
nutrients, and ultraviolet radiation on an alpine littoral food
web. Limnology and Oceanography, 43: 1065-1081.

298/ ARCTIC, ANTARCTIC, AND ALPINE RESEARCH

Ward, H. B. and Whipple, G. C. (eds.), 1959: Freshwater Bi
ology. New York: Wiley. 1248 pp.

Weckstrorn, J., Korhola, A, and Blom, T., 1997: The relationship
between diatoms and water temperature in thirty subarctic
Fennoscandian lakes. Arctic and Alpine Research, 29: 75-92.

Williams, D. D., 1987: The Ecology of Temporary Waters. Port
land, Oreg: Timber Press. 205 pp.

Williamson, C. E., Zagarese, H. E., Schulze, P. C. Hargreaves,
B., and Seva, J., 1994: The impact of short-term exposure to
UV-B radiation on zooplankton communities in north temper
ate lakes. Journal of Plankton Research, 16: 205-218.

Zagarese, H. E., Feldman, M., and Williamson, C. E., 1997: UV
B-induced damage and photoreactivation in three species of
Boeckella (Copepoda, Calanoida). Journal of Plankton Re
search, 19: 357-367.

Zellmer, I. D., 1998: The effects of solar UV A and UVB on
subarctic Daphnia pulicaria in its natural habitat. Hydrobiol
ogia, 379: 55-62.

Ms submitted December 2000


