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Community structure of crustacean zooplankton in subarctic
ponds — effects of altitude and physical heterogeneity
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Crustacean zooplankton (Cladocera. Copepoda) distribution patterns, community
composition and response to altitude, temperature, pH and surface area were studied
in 17 fishless subarctic ponds in the Kilpisjirvi area, NW Finnish Lapland. Despite
their harshness, the ponds harboured diverse groups of zooplankton. Altogether 50
species were found from ice-out in June—August 1994, There was both a marked
decline in the species number and a change in the composition of pond communities
with increasing altitude and decreasing temperature as well as decreasing pH. Pond
surface area was least significant in determining the species composition. Ponds at
low elevations harboured up to 21 species while the fell top ponds usually had <10
species, Chydoridaen cladocerans were the most dominant group even though their
number greatly diminished in ponds above the timber line,

M. Rautio (milla rautiotwhelsinki fi), Dept of Ecology and Systematics, Div. of Hydro-
bivlogy, FIN-00014 Univ. of Helsinki. Finland,

Ponds in subarctic and arctic regions are subjected to
great fluctuations in their physical and chemical condi-
tions because they are shallow and small in size. and
located in a harsh climate (Hebert and Hann 1986,
Bretchko 1995). During long winters, the ponds are
regularly covered by ice, some freezing to the botton,
whereas in summer the water volume often quickly
diminishes due to evaporation, and shallow ponds may
totally dry out. Ponds at different elevations also expe-
rience regional microclimatic variations even within a
small spatial scale resulting from the amount of vegela-
tion and the pond’s location to the timber line as well
as the regional topography (c.g. Pienitz and Smol
1993).

The occurrence of aquatic invertebrates in temporary
and semitemporary ponds is largely determined by spe-
cies’ tolerance to the changing environmental condi-
tions or their dispersal and colonization capability in
adverse periods (e.g. Carter et al. 1980, Hebert and
Hann 1986. Girdner and Larson 1995). Among inverte-
brates. zooplankton have the widest tolerance in many
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respects, and therefore they often predominate ponds.
As they can reproduce fast (e.g. Allan 1976) and are
drought and freezing resistant in certain developmental
stages (c.g. Wiggins et al. 1980, Marcus 1990),
sooplankton can tolerate a broad range of different
waters (e.g. Schmitz 1959, Reed 1962, Tash and Ar-
mitage 1967, Anderson 1974). Moreover, the “two-
level” structure of the food chain, that is the absence of
vertebrate predators, which is typical for small water
bodies, favours zooplankton (Hansson et al. 1993) and
often results in higher species number in ponds than in
nearby lakes with fish (Anderson 1971. Arnott and
Vanni 1993).

Although the total number of zooplankton in an area
may be high, a single pond seldom contains more than
a few species that occur in the region (e.g. Patalas 1964,
Anderson 1971, Hebert and Hann 1986, Girdner and
Larson 1995). Even small changes in altitude may alter
the zooplankton species number., According to Patalas
(1964) 5—-8 mesozooplankton species are usually found
at ponds at 14001700 m a.sl. whereas at 2500- 3200
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m a.s.l. 28 species are found and > 3200 m only 1-4.
The community composition of a single pond is also
affected by the capacity of the pond to hold a certain
community., that is the habitat size and diversity
(Brown 1981, Fryer 1985), productivity level (Connell
and Orias 1964), and niche number which is determined
by competition and predation (Hammer and Sawchyn
1968, Sprules 1972, Ranta 1979, Hebert and Loaring
1980).

Subarctic and arctic waters are among the ecosystems
that are thought will first react to the global warming
(Boer et al. 1990). Arctic and alpine lakes have there-
fore recently been studied with respect to global change
(e.g. Psenner and Schmidt 1992, Douglas et al. 1994,
Smol et al. 1996, Weckstrom et al. 1997). However,
there have been few studies because ol their remote
location, and apparent ecological and economical in-
significance as they are fishless. However, these mar-
ginal ccosystems, especially in Fennoscandia. are
among the most undisturbed ecosystems as far as the
atmospheric deposition is concerned (Riihling 1992).
Acidification and eutrofication have had no significant
effect on these waters yet. making them a valuable
reference habitat for polluted waters. Ponds also
provide a fascinating field for experimental and theoret-
ical ecology because of their high number and spatial
patchiness. The objective of this study is firstly to
record the crustacean zooplankton community compo-
sition of several subarctic ponds in NW Finland. and
secondly to test the effect of altitude, pH. temperature
and pond surface area on the species composition. The
study will provide ecological and biogeographical infor-
mation for research projects studying the functioning of
arctic and alpine water ecosystems.

Material and methods

Site description and sampling

The Kilpisjdrvi region (69°02'N. 20°50°E) in the north-
west tip of Finland constitutes the most eastern part of
the Scandinavian mountain chain (Fig. 1). As a part of
the subarctic region, the maximum summer tempera-
ture seldom rises above 15°C. The mean summer
(June  August) temperature is 9.0°C whereas the mean
annual temperature is only —2.6°C (Jirvinen 1987).
The timber line (Betula pubescens tortuosa) follows the
600 m contour, Lakes and ponds are covered with ice
for approximately nine months of the year. The short
growing period is, however, compensated by the sun
staying continuously above the horizon for 62 days
(during winter it does not rise for 54 days). The area
encompasses several high altitude ponds, most of
glacial origin.
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Seventeen ponds were chosen to be studied at alti-
tudes of between 490 and 940 m a.s.l. (Fig. 1). All but
one of the ponds are crystal clear, their water originat-
ing mainly from melting snow and rain. One pond,
however, is located in a Sphagnum growing mire and is
therefore very stained and humic.

Ponds below the timberline are rounded by an abun-
dant macrophyte vegetation which constitutes mainly
Carex and Eriophorum species. In addition, the bottom
of these low elevation ponds is covered by a thick algae
carpet which partly floats on the surface. especially
among the macrophyte vegetation. The proportion of
the macrophytes and algae declines above the timber-
line so that the ponds on tundra are relatively similar to
ponds below the timberline but the ponds situated on
fell tops and sides are completely without macrophytes
and visible epilithic algac. All the study ponds are
fishless to the best of our present knowledge.

Samples from the ponds were collected once a week
for three months between June and August in 1994, A
50 pum plankton net was pulled from the surface to the
bottom and back to the surface in the same way in each
pond in order to take semi-quantative and comparable
samples. In order to avoid “unclean” samples with
pieces of vegetation and floating algae turfs, the sam-
pling was performed just outside the possible littoral
macrophyte zone. Although this technique, especially in
low elevation ponds, may not necessarily catch all the
individuals that hide near the sediment or among the
macrophyte belt, the results show that typical semi-
planktonic species were alse caught. During the fording
through macrophytes towards the centre of the pond,
the water column and sediment were also mixed. which
results in the samples most likely to represent the

NORWAY

Kilpisjirvi

SWEDEN

20°50}

Fig. 1. Location of the study sites by Lake Kilpisjiarvi. Ponds
are black and numbered. The timber line (Betula pubescens
tortuosa) follows the 600 m contour line.
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Table 1. Locations, environmental characteristics and number of species in the study ponds. Values for depth are estimates
except for those marked with a star. Values for pH and temperature outside the parentheses are the averages for the scason, in
the parentheses the minimum and maximum values. Minimum values for the temperature are measured during the first sampling

in June except for those marked with a star.

Zone Pond Area Depth Altitude pH Temperature Species
number (ha) (m) {m) (C?) number
| 2.6 1.0 490 7.5 [6.5-7.7] 10.4 [1.0 16.0] 18
2 2. 2.0 510 7.4 [6.5-7.8] 12.8 [6.5-16.2] 18
3 0.2 1.0 310 6.5 [6.3 6.6] 13.3 [8.2-16-8] 21
Birch forest 4 0.2 1.0 510 7.2 16.4-7.3] 12.2 [4.2 16.0] 14
5 1.4 2.0 530 7.2 [7.0-7.4] 12.7 [7.5-17.2) 21
6 0.3 1.5 520 7.2 [7.0-7.3] 13.4 [7.5-18.0] 16
7 0.1 0.5 570 5.3 4.8 6.0] 13.5 [6.0-17.5] 10
8 0.1 0.5 680 7.2 [6.2-7.1] 110 4.2 14.1] 13
9 0.3 1.5 680 6.8 [6.2-7.1] 12.0 [4.2-15.2] 18
Tundra 10 0.2 2.0 680 7.2 [6.7-7.4] 10.7 [5.5%-13.3] 16
1 0.8 10 710 74 [6.5-7.8] 9.3 [2.5 17.2] 14
12 1.3 1.0 710 7.5[6.7 7.8] 9.0 [2.5-16.2] 17
13 0.3 1.0 770 6.4 [5.8 7.1] 8.2 [1.5-15.8] 9
14 0.1 0.5 860 6.2 [5.5-6.5] 10.2 0.3 16.4] 8
Fell top or side 15 0.6 7.5% 850 6.3 [6.0 6.7] 9.0 [0.5 14.6] 9
16 1.4 2™ 930 6.4 [6.1 6.9] 8.5 (2.5 14.7] 11
17 0.7 1.0 940 5.9 [5.1-6.0] 10.0 [2.2*-16.5] 9
Mean 0.8 1.7 674 6.8 11.0 14
Median 0.3 1.0 680 7.2 10.7 14
Minimum 0.1 0.5 490 53 8.2 9
Maximum 27 7.5 940) i 135 21

species community in the pond. at least in the smallest
ponds.

Temperature and pH measurements were taken from
the surface water by using a normal thermometer and a
pH pen. Altitude and surface area ol each pond were
calculated by using a geographical map of the area.
Depth was either estimated or in the most difficult cases
measured by snorkelling.

Samples were preserved in a 4% formaldehyde solu-
tion and later identified and counted in the laboratory
under a light microscope. All together 52 crustacean
species were found of which all but two were used in
data analyses. Polvartemia forcipata and Branchinecta
paludosa (Anostraca) were not quantified because of
their large size and net escaping abilities. Five cyclopoid
species were not identified but they all clearly repre-
sented separate species.

Statistical analyses

The relationship between the number of species in a
pond and environmental parameters was tested with a
linear regression analysis. For more accurate results of
the relative similarities of zooplankton communities
between different ponds, DCA (Detrended Correspon-
dence Analyses) was used. DCA computes coordinates
for a set of points so that the shorter the distance
between points. the more similar are the communities in
ponds that the points represent. DCA was run only to
illustrate the differences in species occurrence between
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pond communities: therefore. species relative abun-
dances were not used but only each species™ presence or
absence during the sampling season. In the study of the
relationship between individual species and environ-
mental factors another multiregressional method was
used. CCA (Canonical Correspondence Analyses) as-
sumes the species to have bell-shaped response with
respect to environmental variables, this is the case if the
ranges of the environmental factors are relatively large
(Ter Braak 1986). Data for CCA consisted of absolute
numbers of each species at each sampling occasion as
well as the absolute temperature measurements. Due to
the inaccuracy of the pH-pen, only the average pH
measurement of each pond throughout the season was
used. This has not altered the results significantly since
the pH variation was low (Table 1).

Results

The typical characteristics of each pond based on sea-
sonal measurements are shown in Table 1. The lowest
pH values were recorded during the thawing period in
spring in all but the naturally very acid pond no. 7 as
well as in fell top and side ponds which also had
relatively low pHs. In these ponds thawing increased
pH. After the ice and snow melting period pH varied
little in individual ponds. Differences in minimum tem-
peratures are due to the time differences in the ice cover
melting process during the first sampling. Some of the
ponds at the lowest elevations were already uncovered
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while most mountain top ponds were still totally cov-
ered with ice at the first sampling occasion.

Species number was found to be dependent on the
altitude (p = 0.001), the pH (p = (0.017) and the average
water temperature during the sampling season (p =

p=0.001
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Fig. 2. Linear regression analyses. The relationship between
the species number in the study pond and a) altitude, b) pH. ¢)
water temperature and d) surface arca.
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Fig. 3. DCA-plot based on species composition in different
ponds during the sampling season.

0.029) (Fig 2). Ponds at lowest elevations had the
highest number of species, 21 at most, while mountain
top ponds usually had <10 species. Acidic waters
contained less species than more alkaline waters as did
warm ponds in comparison with cold ponds. Surface
area had no significant effect on the number of species
(p=0.174).

DCA divided ponds into two major groups with only
two exceptions (Fig. 3). Mountain top ponds formed
one group while another group consisted of ponds at
lower elevations. Pond no. 7 differed significantly from
other pond communities. It was the only humic Sphag-
num-rounded pond in the study and also the only one
that dried out during the season. The reason that pond
no. 11 was different from other ponds in the low
elevation group is probably due to its large size. Sam-
pling, which was performed in one place, may not have
reached all the species in the pond.

The structural dissimilarity between two major pond
groups, indicated by DCA, is mainly due to the distri-
bution patterns of certain species. Most cladocerans
only occurred in low elevation ponds as did also the
calanoid Eudiaptomus graciloides while copepods Mixo-
diaptomus laciniatus and Cyclops scutifer were only
found in mountain top ponds. Individual species prefer-
ences for environmental conditions are shown in CCA
ordination in Fig. 4.

[n the two-dimensional CCA solution the alignment
of the pH axes with the first canonical axes indicates
that pH was the most important of the four environ-
mental factors considered in determining the structure
of the zooplankton community. In the diagram, the
points of each species can be perpendicularly projected
onto each environmental variable axis. The projection
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Fig. 4. Ordination diagram
of the canonical
correspondence analysis
(CCA) on the relationship
between environmental
variables and zooplankton
species. Filled circles are
redrawn in the lower lefl
box for clarity. Full taxon
names are given in
Appendix 1. A = Large area.
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point of a species corresponds approximately to the
weighted average, i.e. the optimum of the species with
respect to the environmental variable (Ter Braak 1987
1992). According to the CCA. high elevation ponds
with a cold water were occupied by copepods Cyelops
scutifer, Mixodiaptomus laciniatus and Acanthocyclops
crassicaudis whereas low elevation ponds with relative
warm - water  were occupied by cladocerans  Di-
aphanosoma brachyurum, Alonelly exigua, Sida crystal-
lina, Chydorus sphacricus, Ceriodaphnia queadrangula,
Seapholeberis  mucronata, Simocephalus  vetulus  and
Alona rectangula as well as by the copepods Eudiap-
tomus graciloides, Microcyclops gracilis and unidentified
cyclopods C and D.

Low pH determined the occurrence of Acantholeberis
currivostris,  Daphnia  longisping,  Alonella excisa,
Acanthocyclops vernalis and Dunhevedia crassa. OF these
species A. vernalis and D. crassa also occurred mainly
in ponds with a small surface area. The point for
cladoceran Streplocerus servicaudatus indicated that it
occurred in ponds with a relative high lemperature, low
PH and a small area. Bythotrephes longimanus and the
unidentified cyclopods A and B occupied cold water
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ponds at intermediate elevations and neutral pH. Large
surface area determined the occurrence of the species
Holopedium gibberum, Alona quadrangularis, A. guttata,
A. affinis, Lathonura rectirostris, Bosmina obtusirostris,
Eurveercus lamellatus. Eucvelops serrularus, Acanthocy-
clops capillatus, Megacyclops givas, M. viridis and the
unidentified cyclopod E.

The cladocerans  Alona Rhiynchotalona
Polyphemus  pediculus,  Drepanothrix — dent-
ata, Alonella nana, Acroperus elongatus and A. harpae
were situated close to the origin. These species
occurred in all type of ponds. thus none of the en-
vironmental factors studied controlled their distribu-
tion.

costaia,

Discussion
Species number in different ponds

Decreasing maximum species number per pond with
increasing altitude is a typical pattern (e.g. Patalas
1964, Hebert and Hann 1986, Raina and Vass 1993). In
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the Kilpisjiirvi region the ponds in birch forests har-
boured 10 20 species whereas the high altitude ponds
harboured 8—12 species (Table 1).

The CCA analysis indicates that altitude, either di-
rectly (dispersal and colonization abilities) or indirectly
(low temperature leading to short growing period.
amount of vegetation), was the main factor in deter-
mining zooplankton communities. According to the
theory of island biogeography (McArthur and Wilson
1967). the more isolated the habitat (here pond). the
smaller the probability for species to colonize it. espe-
cially for species like zooplankton that disperse by
passive means (Maguire 1963). Therefore, the small
number of species in mountain top ponds can be partly
explained by the isolation ol the water body. More-
over. the abundant littoral vegetation and a thick algae
carpet on the bottom of the low elevation ponds indi-
cate the niche diversity to be greater in these ponds
than in the stony and coarse high clevation watcrs
without vegetation. An abundant vegetation is usually
a sign of relatively high productivity (Wetzel 1983).
and therefore of the amount of available food re-
sources for zooplankton. Vegetation also serves as a
hiding place for zooplankton from planktivorous
predators (Schwartz et al. 1983) such as insect larvae
and predatorous zooplankton (Cyclopoids, Polyphemi-
daes). Although insect predators were not quantified in
the study. they were present. Most commonly seen
were larvae of the phantom midge (Chaoborus sp.).
Corixids. Notonectids and  Odonatas. Therefore,
zooplankton in low elevation ponds with vegetation
must have been able to avoid predators more success-
fully than in high elevation ponds without vegetation,
which in turn may have affected the zooplakton com-
munity composition in the altitudinal gradient.

Low pH caused by human activity is a stress factor
for most organisms but also naturally acidic waters are
avoided by many species (c.g. Schindler et al. 1985,
Arvola et al. 1986). In the study ponds, the number of
species declined with declining pH value (Fig. 2). With
one exception (pond no. 7), lowest pH wvalues were
recorded in ponds at high altitude. Therefore, altitude
may indirectly determine the number of species also in
this case. Also. as the pH values are not particularly
Jow except for pond no. 7. differences in pH may here
indicate differences in productivity more than pH per
se. Acid lakes are often nutrient-poor compared to
more neutral lakes which leads to Tow primary produc-
tivity (e.g. Jansson et al. 1986).

The high content of humic substances indicated by
stained colour makes pond no. 7 (pH=5.3) excep-
tional in the study area. According to Sarvala and
Halsinaho (1990) the influence of acidity is substan-
tially modified by humic matter. Humus may amelio-
rate the toxic effects of heavy metals such as labile
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aluminium. The organic matter of humus is also a
significant source of food for zooplankton (Salonen
and Hammar 1986).

The larger the surface arca and greater the depth,
the more species are usually found (e.g. Pennak 1958.
Fryver 1985). This pattern is not. however, always true
for individual species and the size may not directly
determine the number of microhabitats. According to
Whiteside's (1974) experiment with chydorids (Clado-
cera). the number and variability of habitats arc more
significant than the size of the water body for the
abundance of zooplankton. By adding turfs covered
with bacteria and algae, the number of chydorids in-
creased from 3 4 to 13. Anderson (1974) obtained
similar results. He did not find a relationship between
surface area and the mesozooplankton abundance. He
speculated that the reason for this is that ponds are
more sensitive to the changes in weather than lakes:
water temperature follows the air temperature, during
dry seasons ponds relatively easily dry out ete. Contin-
uously changing conditions inhibit only some species
from dominating the entire community as the duration
of environmental optima for an individual species is
short. Therefore, more species are usually found in
pond ecosystems than in nearby lakes with more con-
stant conditions (Anderson 1971). In the Kilpisjarvi
ponds too, the surface area was least significant in
determining the species distribution. It is therefore
probable that some other environmental factor than
surface arca would better explain the species distribu-
tion. In fact, the amount of macrophytes and algac,
including productivity and refuges from predators,
would again serve as good factor.

Individual species distribution in relation to
environmental factors

Based on the information obtained in the CCA-
ordination. the reasons for certain species distribu-
tion among study ponds can be estimated. Tempera-
ture and altitude gradients divide species into two sepa-
rate groups (Fig. 4). The copepods Cyclops scutifer and
Mixodiaptomus  laciniatus occupied  high  eleva-
tion and cold water ponds. It is strengthened by
carlier studies (Reed 1962, Carter 1971) that C. scutifer
prefers  habitats  with relatively deep and cold
waters, in Kilpisjarvi it was also most abundant in
the two deepest ponds: 3.5 and 6.5 m at 930 m and 850
m a.s.l., respectively. In northern Europe C. scutifer
has been found up to 1500 m as.l and in Russia it
only oceurs in taiga and tundra regions (Rylov 1948).
Mixodiaptomus laciniatus is an obligate high altitude
species (Dussart 1967) which is found in clear moun-
tain lakes and ponds >3500 m a.s.l.
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Most cladoceran species are coordinated in the
CCA on the left side of the ordination which indi-
cates that they occur in low elevation and relative
warm ponds.

Temperature has an effect on the length of the life-cy-
cle of zooplankton, According to Allan (1976). clado-
cerans complete their life-cycle in 7-8 days at 20°C
whereas at 10°C the development from an egg to an
adult requires 2024 days. Therefore, the average wa-
ter temperature in lell top and side ponds may not
have been high enough for cladocerans to successfully
complete their life-cycle. resulting in them being
scarce in high elevation ponds. This. however, is not
indicated by the linear regression analyses (Fig. 2).
Low temperature also shortens the growing scason
which in addition with the total freezing of the pond

from surface to the bottom inhibits the occurrence of

higher vegetation in high elevation ponds (Nedler and
Pennak 1955, Federley 1972). Macrophytes especially
affect the distribution of chydoridaes and daphniidaes.
All chydorid species live mainly in vegetation (Fryer
1985). Of the daphniid species found in Kilpisjirvi
ponds Daphnia longispina was the only specics that
typically occurs in all kind of waters, whereas all
other species arc associated with littoral vegetation
(Ward and Whipple 1959).

Acroperus harpae was the only cladoceran that was
coordinated at the right side of the CCA ordination,
indicating that it was abundant in relative high eleva-
tion ponds. Acroperus harpae is an exception in the
family of Chydoridae since it generally occurs in the
pelagic zone and in ponds without higher vegetation
(Ward and Whipple 1959).

Only a few species were found at low pH. Clado-
ceran Acantholeberis curcirostris was only found in
pond no. 7 which had the lowest pH-value (5.3). Ac-
cording to Ward and Whipple (1959) it prefers Sphag-
aum-rounded humid waters, Also. Daphnia longispina
was very abundant in pond no. 7 as well as the cy-
clopod  Acanthoeyelops  vernalis which occurred  in
acidic waters in general among the study ponds (Ap-
pendix 1). According to Rylov (1948). A. vernalis oc-
curs mainly in shallow bogs rounded by Sphagnum. Tt
can, however, be found in waters with pH's =8, Al-
though D. longispina seems to be more acidity-toler-
ant than other Daphnia species (Arvola et al. 1986,
Uimonen-Simola and Tolvanen 1987) the high abun-
dance in pond no. 7 may not be directly determined
by low pH. Absence of competition from macrophyte
demanding zooplankton may have resulted the distri-
bution of D. longispina in the CCA ordination. The
location of the cladocerans Streblocerus serricaudatins
and Alonella excisa in several ponds (Appendix 1) as
well as their location in the CCA ordination (Fig. 4)
indicate that they can tolerate a wide range of pH’s,

Despite the four environmental factors (tempera-
ture, surface arca, pH and altitude) used in CCA do
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not explain all the reasons for the species distribution.
CCA is still a powerful tool. Although the altitude of
the pond and water temperature do not always di-
rectly determine the species distribution. their impact
on zooplankton species richness is still stronger than
other environmental variables’. at least via indirect
effects. Altitude has an effect on temperature and the
temperature has an effect on the amount of vegeta-
tion. and through vegetation also on the level of pro-
duction and niche number. Pond pH sets limits to the
species number due to physiological constraints. Sur-
face area, although not significant in this study in
determining the species distribution. can in some cases
be an indicator of niche diversity. The information
obtained from CCA is a good start for advanced
studies. Therefore. other more relevant environmental
factors may be chosen according to the results in this
study. Especially the effect of vegetation requires
more studies as well as the productivity level and
number and type of predators in each pond. More-
over, as the clear northern waters have been predicted
to be the first to respond intensively to climate change
(e.g. Pearce 1996, Schindler et al. 1996) it would be
reasonable to experimentally compare the effects of
rising  temperatures and  more intense  UV-
radiation in clear water ecosystems. Studies by Hessen
and Serensen (1990) are already suggesting that
zooplankton produce more pigments when exposed to
intense UV-radiation.
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Appendix 1. List of species found during the study and their presence-absence distribution in the study ponds.

Code Taxon name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Cladocera
Sida cry  Sida crvstallina 10 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Diap bra  Diaphanosoma brachyurum 0o 0o 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Holo gib  Holopedium gibberum 0 0o 0 o0 0 0 0 1 0 | 0 0 0 0 0 0 0
Daph lon Daphnia longispina ¢ 0o 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
Simo vet  Simocephalus verulis 6o 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Ceri quad Ceriodaphnia guadrangula I 0 1 0 1 10 0 1 0 1 | 1 1 1 | 1
Scap muc Scapholeberis mucronata 1 1 1 0 1t 1 0 1 1 1 1 | 0 0 0 0 0
Ophr gra  Ophryoxus gracilis 1o 1 1 1 1 0 1 1 1 0 | 0 0 0 0 ]
Drep den  Drepanothrix dentata o 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Acan cur  Acantholeberis curvirostris o o 0 0 0o 0 1 0 0 0 0 0 0 0 0 0 0
Stre ser  Streblocerus servicaudulus 0o 0 1 | 1 4 1 4 | 0 0 0 0 0 0 0 0
Lath rec  Lathonura rectirostris 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eury lam  Eurvcercus lamellatus 1 1 10 1 1 0 1 1 1 1 1 0 0 0 0 0
Acro elon Acroperus elongarus | (R 11 0 0 1 1 | 1 1 0 0 1 1
Acro har  A. harpae M1 1 1 1 0o 1 1 1 1 | 1 0 1 | | 1
Dunh cra Dunhevedia crassa O o 1 0 0 0 0 0 0 0 0 0 | 0 0 1 0
Chyd sph Chydorus sphaericus 1 1L 1 T 1 1 @& 1 |1 1 1 0 I 0 1 0 1
Rhyn fal  Rhyvnchoralona falcara O 1 0 ¢ 0o 0 0 0 0 0 0 0 0 0 0 0 0
Alon aff  Alona afinis I 1 0 0 1 1 0o 0 0 0 0 1 0 0 0 0 0
Alon qua A, quadrangularis o 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0
Alon gut A, guitata 1 1 10 0 1 0 1 0 | 0 1 0 0 0 0 0
Alon cos  A. costata 0 1 o 0o o0 0 0 0 0 0 0 0 0 0 0 0 0
Alon rec  A. rectangula o 1 0 1 10 0 0 0 | 0 0 0 0 0 0 0
Alon nan  Alonella nana | N E S S S B I 1 1 1 1 1 1 | 1
Alon exc  A. excisa 1 1 1 1 1 1 | 0 0 | 0 0 0 0 0
Alon exi  A. exigua 1 I | 0o 0 0 0 0 0 0 0 0 0 0 0 0
Bosm obt Bosmina obtusirostris | N A I I R N 1 1 1 1 ! 1 I 1 1
Poly ped  Polyphemus pediculus TP 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1
Byth lon  Bythorrephes longimanus o 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Calanoida
Eudi gra  Eudiapromus graciloides o 1 0o 1 1 o0 0o 1 1 l | 0 0 0 0 0 0
Mixo lac  Mixodiaptomus laciniatuy 0O o0 o0 0 0 0 0 0 0 0 0 0 1 1 | 1 1
Cyclopoida
Eucy ser  Eucvelops serrulatis O 0 0 0 0 0 0 0 |1 1 0 0 0 0 0 | 0
Cyel scu  Cyelops scutifer 0O o0 0 0 0 0 0 0 0 0 0 1 0 1 1 1
Mega vir  Megacvelops viridis 0 0 1 | | I 0 0 0 0 1 0 0 0 0 0
Mega gig M. gigas o o0 0 0 0 0 0 0 0 | 0 0 0 0 0 0
Acan ver  Acanthocyclops vernalis o o o0 0 0 0 1 0 |1 | 0 0 0 0 0 0 0
Acan cap A. capillatus o o0 0 0 0 0 0 1 1 | 0 0 0 0 0 0 0
Acan cra A, crassicaudis o 0 0 0 0 0 1 10 0 0 0 0 | 0 0 0
Micr gra Microevelops gracilis 1 1 ¢t °r 1 1 0 0 0 0 0 0 0 0 0 0 0
Cycl A Unidentified Cyclopoida A 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Cycl B Unidentified Cyclopoidia B 60 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0
Cycl C Unidentified Cyclopoidia C 6 0 0o 0O 1 0 0 0 0 0 0 0 0 0 0 0 0
Cycl D Unidentified Cyclopoidia D 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Cycl E Unidentified Cyclopoida E 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Anostraca
Poly for  Polvartemia forcipata o o 1 0 0 0 1 0 1 0 1 1 1 1 1 0 1
Bran pal  Branchinecta paludosa* o 0 o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Branchinecta paludosa was only found in a fell top pond that was not a study site.
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