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ABSTRACT

We examined monthly changes in crustacean zooplankton community composition during the initial colonisation period of a newly
constructed pond (LWL pond), and in the littoral zone of an adjacent lake (Ramsey lake). In addition, four unconnected constructed
ponds aged >20 years with established zooplankton communities were sampled and compared to the LWL pond. The species richness
of both LWL pond and Ramsey lake increased over the ice-free season, although Ramsey lake always had more species. Almost half of
all species sampled occurred in both pond and lake. None of the zooplankton communities in the ponds used in the spatial analysis re-
sembled communities of the LWL pond or one another. Taken together, these results indicate a lack of dispersal limitation, which suggests

that differing local habitat factors had a strong influence in structuring the zooplankton communities.
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INTRODUCTION

When a new habitat first forms, many factors will in-
fluence its potential for sustained species richness. Among
these factors are the habitat’s local characteristics, the bi-
otic and abiotic conditions of the habitat itself that may
facilitate or inhibit colonisation by new species, i.e. inter-
actions with the local community through competition and
predation, habitat size, etc. (De Meester et al., 2005). The
characteristics of the region surrounding the habitat are
also important in determining the structure of the devel-
oping community. Regional characteristics can influence
formation of new communities by facilitating species dis-
persal to the new habitat through regional environmental
conditions which influence access to the regional species
pool (De Meester et al., 2005).

A meta-community refers to multiple local communi-
ties interconnected through dispersal of species between
sites (Leibold and Norberg, 2004). Therefore, meta-com-
munity theory implies that the species richness of existing
communities is influenced by interactions between both
regional and local factors over time (Louette and De
Meester, 2007; Allen et al., 2011). Also, the strength of
the local or regional influence on a community may be
subject to change over time (Allen ef al., 2011). It has
been shown that species have an easier time colonising
areas with low local biodiversity, such as new ponds
(Shurin, 2000). Therefore, it is assumed that regional
characteristics are more important during earlier stages of
succession, whereas the importance of local factors will
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increase with time due to dispersed species having in-
creasing interactions with established local communities
(Louette and De Meester, 2005, 2007). The regular dis-
persal required to maintain meta-communities is possible
because many species of zooplankton have high dispersal
rates (Louette and De Meester, 2005; Scheffer and Van
Geest, 2006), otherwise known as dispersal capacity,
which is the quantity of propagule transport to new habi-
tats (Louette and De Meester, 2005).

Effective dispersal not only implies arriving at a new
site, but also surviving the local conditions and success-
fully reproducing once there (Keller and Yan, 1998;
Shurin, 2000; Louette and De Meester, 2005; Louette et
al., 2008). In addition, the structure of an entire zoo-
plankton community can be dependent on the order in
which the species of the pioneer community arrived,
known as priority effects (Frisch and Green, 2007; Lou-
ette and De Meester, 2007; Louette et al., 2008; Allen et
al., 2011). Predators weaken competition between
species, thus weakening the potential of priority effects
and increasing the influence of species sorting (Louette
and De Meester, 2007).

In the current study, we aimed to compare the influ-
ence of local vs regional factors and the role of time on
the colonisation and biodiversity of crustacean zooplank-
ton communities in new habitats. The objective was car-
ried out through temporal and spatial sampling of
crustacean zooplankton and habitat parameters in con-
structed ponds. The temporal study compared the crus-
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tacean zooplankton community of a newly constructed
pond outside the Living with Lakes Center on the Lau-
rentian University campus in Sudbury, Ontario (LWL
pond) with the crustacean zooplankton community inhab-
iting the littoral zone of adjacent Ramsey lake, and as-
sessed the pattern of succession in the new habitat as well
as the similarity of the new habitat to an established
nearby community. The spatial study compared the crus-
tacean zooplankton community of the LWL pond to com-
munities of several constructed ponds aged 20-30 years
in the Greater Sudbury region and assessed whether local
factors could explain the degree of similarity or dissimi-
larity between the ponds.

METHODS

In total, six separate sites (Fig. 1) were sampled for
crustacean zooplankton and multiple habitat characteris-
tics. The sites included a new pond (<1 year), the shore-

line area of an adjacent lake, and four unconnected, con-
structed ponds with differing local environments, all of
which were >20 years of age.

Site descriptions

LWL pond. this pond was ~0.1 ha in surface area and
<2 m in depth. It is adjacent to Ramsey lake and is con-
nected to the lake by a culvert. However, flow was never
observed through the culvert. The construction of the
pond finished less than a year before sampling began. Ter-
restrial restoration efforts took place, with angiosperms
planted around the pond.

Ramsey lake shoreline: This area encompasses the
portion of Ramsey lake directly adjacent to the LWL
pond. The culvert that connects with the pond is in this
part of the lake. The area is only ~1 m in depth and has
soft sediment. The section sampled is surrounded by var-
ious aquatic macrophytes.
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Fig. 1. Map of the study area showing locations of the study sites.
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10.2 pond: the pond is an old mining property owned
by Vale (Vale Ltd., Toronto, Canada) located in the Gar-
son area of Greater Sudbury. The site was a part of a large
restoration project executed in the 1990s on a mined open
pit. The pond has a surface area of 3.9 ha and a maximum
depth of ~13.5 m. Various species of fish such as creek
chub (Semotilus atromaculatus), common shiner (Notro-
pis cornutus) redbelly dace (Chrosomus eos) and other
minnows were introduced into the pond in 1997 and over
the years many trees have been planted around the pond
(Watson et al., 1999).

North Ethier pond: the pond is an old gravel quarry
owned by Ethier Sand and Gravel Ltd. in the Val Thérése
area of Greater Sudbury. It was created in 1991-1992 and
has a surface area of 0.2 ha and a maximum depth of 2.5
m. Rainbow trout (Oncorhynchus mykiss) and minnows
have been introduced to the pond. The shoreline has had
minor restoration with the planting of shrubs and trees.

South Ethier pond: this pond was created in the late
1970s and is located on the same property as the North
Ethier pond. The pond has a surface area of 0.1 ha. It is
filled with algae and soft sediment. Many cattails and
other macrophytes are established along the shoreline. No
fish species were observed.

Wanup pond: the pond is an old gravel quarry area
owned by Ethier Sand and Gravel Ltd. located by Old
Wanup Road (Ontario Road 537). The pond was created
in 1991-1992. It has a surface area of 3.6 ha and a maxi-
mum depth of ~7 m. The water is very clear and aqua
coloured. No active restoration took place; however, there
are some trees in the area. No fish species were observed.

Tab. 1. Spatial study pond water chemistry.

Sampling methods

Sampling of the LWL pond took place monthly be-
tween 19" April and 13™ September 2011. Ramsey lake
was sampled monthly between 27" May and 13™ Septem-
ber 2011. In June, July, August and September, the LWL
pond and Ramsey lake were sampled on the same dates.
Two separate samples of 10.2 pond were collected on 21
July and 1% September 2011. Wanup pond was sampled
once on 27" July 2011, whereas the North and South
Ethier ponds were both sampled once on 6™ September
2011. All ponds, with the exception of 10.2 pond, were
sampled using a conical plankton net 30 cm in diameter
with 80 pm mesh. 10.2 pond was sampled using a 12.5
cm diameter, 80 um mesh tow net. Horizontal transects
were used to sample the shallow LWL pond, North Ethier
pond, South Ethier pond and Ramsey lake, whereas the
deeper Wanup pond and 10.2 pond were sampled verti-
cally from 1 m off the bottom to the surface. All of the
crustacean zooplankton samples were preserved in a 14%
sugared and buffered formalin solution.

Water chemistry samples (Tab. 1) were collected and
shipped to the Dorset Environmental Science Center to
be processed by the Ontario Ministry of the Environment.

Counting methods

Species were identified through a Leica MZ16 stere-
omicroscope (Leica Microsystems GmbH, Wetzlar, Ger-
many). Samples were fractioned using a Folsom plankton
splitter and sub-samples were counted until a total of ap-
proximately 240 individuals were processed. The remain-

Parameter LWL pond North Ethier pond South Ethier pond 10.2 pond Wanup pond
Alkalinity (mg L") 133.0 35.1 27.3 102.9 324
Al (mgL™) 0.13 0.005 0.050 0.006 0.036
Ca(mgL™) 59.4 10.3 7.9 24.2 46.4
DOC (mg L) 16.6 22 3.4 4.75 3.2
Chloride (mg L) 141.0 10.0 8.16 1.77 N/A
Colour (true colour units) 232 4.4 8.4 8.27 6.00
Conductivity (ps cn™) N/A 134.0 111.0 233.8 724.0
Cu (mgL™") 0.007 0.001 0.001 0.002 0.002
Fe (mgL™") 0.130 0.030 0.250 0.015 0.040
Mg (mg L) 21.6 4.14 3.27 10.9 12.3
Ni (mg L) 0.013 <0.001 0.001 0.005 0.003
N (NH; + NH,) (mg L) 0.028 0.022 0.014 0.027 <0.004
N (NO, + NO;) (mg L) <0.002 <0.002 <0.002 <0.002 0.394
TKN (mg L) 0.510 0.198 0.213 0.408 0.195
pH 8.37 7.47 7.19 8.17 7.51
Total P (mg L) 0.032 0.010 0.021 0.018 0.003
K (mgL™) 12.1 1.77 1.6 1.01 6.06
Sulphate (mg L) 67.1 12.6 8.6 16.6 4.1
Na (mg L) 234.0 8.06 7.13 2.43 68.5

Al aluminum,; Ca, calcium; DOC, dissolved organic carbon; N/A, not available; CU, copper; Fe, iron; Mg, magnesium; Ni, nickel; N, nitrogen; TKN,

total Kjeldahl nitrogen; P, phosphorus, K, potassium,; Na, sodium.
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ing fractions were then scanned for rare species. If
Chaoborus were found in any samples it was noted; how-
ever, individuals present were not assigned to a specific
species or life stage.

Certain species were combined into complexes due to
the difficulty of distinguishing individuals into separate
species. Daphnia pulex, Daphnia catawba and Daphnia
pulicaria were combined into the Daphnia pulex com-
plex. Scapholeberis kingi and Scapholeberis aurita were
combined to form Scapholeberis spp. Bosmina freyi and
Bosmina liederi were referred to as Bosmina spp. and Eu-
bosmina longspina and Eubosmina (Neobosmina) tubicen
were referred to as Eubosmina spp. Any Alona species
found was simply referred to as Alona spp.

RESULTS
Temporal study

The species richness in both LWL pond and Ramsey
lake increased during the ice-free season (Fig. 2), al-
though Ramsey lake always had more species. In total, 18
species were found in the LWL pond, while 24 species
were found in the littoral zone of Ramsey lake. Thirteen
species were present in both water bodies (Tab. 2). Five
species collected in the LWL pond were not found in
Ramsey lake: Paracyclops poppei, Leptodiaptomus si-
cilis, Onychodiaptomus birgei, Eucyclops agilis and Lep-
todiaptomus ashlandi. Eleven species were found in
Ramsey lake but not in the LWL pond: Diaphanosoma
birgei, Acroperus harpae, Camptocercus rectirostris, Di-
acyclops nanus, Eurycerus lamellatus, Sida crystallina,
Pleuroxus sp., Latona setifera, Simocephalus serrulatus,
Microcyclops sp. and Ilyocryptus spinifer.
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Fig. 2. Species richness of the LWL pond vs species richness
of the adjacent Ramsey lake area on a monthly basis in 2011
(summer).

The zooplankton dynamics in the LWL pond were
driven mainly by Daphnia. The Daphnia pulex complex
accounted for almost 77% of the overall zooplankton
abundance in the LWL pond. Furthermore, Daphnia men-
dotae made up almost 9% of the abundance. In contrast
to the LWL pond, juvenile copepods made up almost 80%
of the crustacean zooplankton community in Ramsey
lake. Bosmina and Eubosmina species each made up an
additional 8% of the abundance.

Spatial study

The relative abundances of the species found on a sin-
gle date in the different ponds sampled during the summer
of 2011 are shown in Tab. 3. In the LWL pond, 7 species
were found and the D. pulex complex made up 60% of
the abundance. Calanoid nauplii made up 25% of the
abundance and cyclopoid nauplii 13%. Only 3 species
were found in the North Ethier pond. Calanoid nauplii and

Tab. 2. Mean relative abundance of species found in LWL pond
and Ramsey lake between May and September 2011.

Species LWL pond (%)  Ramsey lake (%)
Daphnia pulex complex 76.9 <1
Cyclopoid copepodid 8.9 342
Calanoid nauplii 2.6 33.0
Cyclopoid nauplii 1.5 9.8
Daphnia mendotae 8.7 <1
Eubosmina spp. <1 8.4
Bosmina spp. <1 8.0
Polyphemus pediculus <1 2.7
Calanoid copepodid <1 2.3
Scapholeberis spp. 1.4 <1
Leptodiaptomus minutus <1 <1
Chydorus sphaericus <1 <1
Diacyclops bicuspidatus thomasi <1 <1
Acroperus harpae 0 <1
Onychodiaptomus birgei <1 0
Alona spp. <1 <1
Acanthocyclops vernalis complex <1 <1
Mesocyclops edax <1 <1
Diaphanosoma birgei 0 <1
Sida crystallina 0 <1
Skistodiaptomus oregonensis <1 <1
Camptocercus rectirostris 0 <1
Eurycercus lamellatus 0 <1
Diacyclops nanus 0 <1
Ilyocryptus spinifer 0 <1
Latona setifera 0 <1
Microcyclops sp. 0 <1
Pleuroxus sp. 0 <1
Simocephalus serrulatus 0 <1
Leptodiaptomus sicilis <1 0
Eucyclops agilis <1 0
Leptodiaptomus ashlandi <1 0
Paracyclops poppei 0 0
Mean seasonal abundance (n/m?)  50,609.60 7420.85

“Paracyclops poppei was found in the April sample.
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copepodids comprised 79% of the abundance. Cyclopoid
nauplii made up 14% and Bosmina spp. 6% of the abun-
dance. Thirteen species were found in the South Ethier
pond. Juvenile cyclopoids comprised 70% of the abun-
dance, while juvenile calanoids made up 7.5% and Chy-
dorus sphaericus comprised 17% of the abundance. Seven
species were found in 10.2 pond. Calanoids comprised
58% of the abundance while juvenile cyclopoids made up
22%. Bosmina spp. made up almost 7% and Eubosmina
spp. almost 9% of the abundance. The Wanup pond con-
tained 8 species. Bosmina spp. made up 66% of the abun-
dance, while Eubosmina spp. comprised 25%. Juvenile
cyclopoids made up 7% of the abundance and juvenile
calanoids just over 1%.

DISCUSSION
Temporal study

Ramsey lake had higher species richness than the LWL
pond. The fact that 13 of the 18 species found in the LWL
pond during the summer were also found in Ramsey lake
suggests that high zooplankton dispersal exists between the
lake and the pond. However, the fact that there were an ad-

ditional 11 species sampled in Ramsey lake that were not
found in the pond, that 5 species in the pond were not found
in the lake, along with the disproportional relative species
abundances suggests that local factors are having a stronger
influence than regional factors in shaping the community.
This is logical, because dispersal limitation is rarely a factor
when a large source of colonisers is in close proximity
(Shurin, 2000). Because dispersal rates are typically higher
in the case of short range dispersal compared to long range
dispersal, environmental factors and interspecific compe-
tition are usually dominant in controlling community de-
velopment through species sorting (Shurin, 2000; Louette
and De Meester, 2005, 2007; Kurek et al., 2011).

The fact that five species of crustacean zooplankton
were found in the LWL pond and that were not found in
Ramsey lake suggests that either they were present in such
low abundance in Ramsey lake that they were missed dur-
ing the sampling or that they came from other water bod-
ies. Wind and rain have been suggested as common
passive transportation mechanisms for crustacean zoo-
plankton dispersal (Caceres and Soluk, 2002); therefore,
it is reasonable that the species might have come from
other nearby lakes or ponds. Waterfowl and insects have

Tab. 3. Relative abundance of species in the ponds sampled during summer 2011. For ponds that were sampled multiple times in
summer, the end of the season sample was used (September 13 for the LWL pond and September 1 for the 10.2 pond).

Species LWL pond (%) North Ethier pond (%) South Ethier pond (%)  10.2 pond (%) Wanup pond (%)
Calanoid nauplii 24.6 75.4 7.3 45.6 1.1
Bosmina spp. <1 6.2 6.8 66.1
Cyclopoid nauplii 13.1 13.9 239 17.1 6.6
Daphnia pulex complex 59.9 <1

Cyclopoid copepodid <1 46.2 4.8 0.23
Eubosmina spp. 8.5 <1
Chydorus sphaericus <1 17.3 1.1

Calanoid copepodid 1.3 4.1 <1 12.5 <1
Leptodiaptomus siciloides <1 3.1

Alona spp. <1 1.5

Harpacticoida sp. <1

Ilyocryptus spinifer <1

Onychodiaptomus birgei <1

Skistodiaptomus oregonensis <1

Simocephalus vetulus <1 <1
Tropocyclops extensus <1 <1
Acanthocyclops

vernalis complex <1

Ectocyclops phaleratus <1

Mesocyclops edax <1 <1
Pleuroxus sp. <1

Chydorus faviformis 1.4

Diaphanosoma birgei <1 <1
Ophryoxus gracilis <1

Orthocyclops modestus <1
Leptodiaptomus ashlandi <1

Total abundance (n/m?) 21,018.56 862.98 2447.49 20,704.89 7156.87
Species richness 7 3 13 7 8

Immature calanoids and cyclopoids were not included in richness counts unless no adults were found.
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also been suggested as dispersal methods for zooplankton
(Frisch and Green, 2007).

Interestingly, the five species found in the LWL pond
and that were not found in Ramsey lake were all copepods
(3 calanoids and 2 cyclopoids). It is not uncommon for
copepods to be among the first colonisers of new habitats.
Cyclopoids are thought to be good spatial dispersers
(Caceres and Soluk, 2002) and frequently colonise new
habitats (Yan et al., 2004). Although copepods reproduce
sexually, female cyclopoids are able to store sperm mak-
ing mating multiple times unnecessary, therefore it is
plausible that a new habitat can be colonised by one fer-
tilised female (Frisch and Green, 2007). O. birgei was
found in August in the LWL pond and had developed a
stable population size by September. The species has not
been previously found in any of the sampled Sudbury re-
gional lakes (W. Keller, unpublished data).

On the other hand, of the 11 species found in Ramsey
lake that were not found in the LWL pond, 10 were clado-
cerans. As with most crustacean zooplankton, cladocerans
also have a high capacity for dispersal (Louette and De
Meester, 2005; Kurek et al., 2011). However, priority ef-
fects can have a large influence in forming the communi-
ties of new habitats (Allen ez al., 2011). D. pulex complex
and D. mendotae were among the first species to be found
in the pond, and were able to rapidly reproduce, reaching
densities that were much higher than other species by
May. This, along with the fact that all the cladoceran
species found in Ramsey lake that were not found in the
LWL pond had low relative abundances, indicates that it
is possible that they were unable to successfully colonise
the LWL pond due to competition with the established
Daphnia spp. even if they were well suited for the pond’s
abiotic conditions (Louette et al., 2008).

The LWL pond also had a higher abundance of
Chaoborus spp. than the lake by the end of the season,
and Chaoborus spp. have been reported to prey on
Bosmina spp. (Keller and Yan, 1998). The fact that
Bosmina spp. are smaller in size would have also made
them more accessible as prey than larger Daphnia spp. In
a previous study, it was found that Bosmina longirostris
was unable to colonise a new pond, most likely due to
competition with an established species Daphnia obtusa
and heavy predation by Chaoborus (Louette et al., 2008).

Spatial study

While single sampling dates do not account for sea-
sonal species succession, samples collected in mid to late
summer should reflect conditions when most species
would be expected to be present in northern Ontario lakes.
Single sample surveys, as used herein, have frequently
been shown to be very useful in describing zooplankton
community changes along environmental gradients
(Keller and Pitblado, 1984; Keller and Conlon, 1994).

The species richness of the ponds in the spatial studies
varied widely. Although the North and South Ethier ponds
were physically only meters apart, they showed the high-
est difference in species richness of all the ponds sampled.
This suggests that local habitat characteristics are respon-
sible for the species richness and community composition
of these two ponds as opposed to dispersal limitations.
Most of the species richness of the South Ethier pond was
made up of Chydorids. One of the probable reasons why
C. sphaericus and other Chydorid species were more suc-
cessful in the nutrient rich (Tab. 1) South Ethier pond than
in the other ponds is because they are typically found in
shallow waters (Keller and Yan, 1998) with eutrophic con-
ditions (Hofmann, 2001) and aquatic macrophytes. The
North Ethier pond was very low in phosphorus and olig-
otrophic, therefore species which are typically found in
eutrophic conditions or that require high levels of phos-
phorus would not have been well suited for the pond.

10.2 pond had a total crustacean zooplankton abun-
dance that was almost as high as that of the LWL pond and
similar species richness. However, the abundance was due
to a high number of juvenile copepods rather than Daphnia.
Daphnia pulicaria was previously one of the dominant
species in 10.2 pond (Watson, Hunt and Keller, 1999); how-
ever, as previously mentioned, no Daphnia spp. were found
in 10.2 pond on either of our sample dates. Since the earlier
samplings, multiple species of fish have been stocked in
10.2 pond (Watson, Hunt and Keller, 1999), and fish can
be associated with a decrease in Daphnia spp. populations
(Keller and Yan, 1998; Steiner, 2004).

Wanup pond’s low zooplankton abundance and species
richness are most likely due to its extremely low level of nu-
trients. It had a total phosphorous value of 3.0 pg L™ (Tab.
1) which is below the Ontario provincial water quality ob-
jectives (MOEE, 1994), and is considered indicative of
ultra-oligotrophic conditions (CCME, 2004). The low nu-
trients likely led to low phytoplankton abundance. In turn,
the limited phytoplankton food source would likely lead to
low zooplankton abundance, including reduced calanoid and
juvenile cyclopoid abundance (Soto and Hurlbert, 1991).

Although there is a size difference between the ponds,
it is unlikely that size was an important factor in deter-
mining species richness or community composition be-
tween the sites because they only ranged from 0.1 to 3.9
ha, and in fact the largest ponds did not contain the highest
species richness. There was substantial variation in pond
chemistry (Tab. 1); however, the role of chemistry as a
potential factor influencing zooplankton communities is
not clear. As indicated earlier, nutrient concentrations are
likely affecting some zooplankton assemblages through
effects on phytoplankton food sources. Chemical toxicity
does not appear to be of concern in these ponds since they
are all above neutral pH with high alkalinity. Metal con-
centrations approached or were below suggested safe lev-
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els (MOEE, 1994) and metals would not be expected to
be particularly toxic in waters of such high ionic strength.
The effects, if any, of high concentrations of Na, and Cl
due to road salting are not known; however, species rich-
ness was not particularly low in the LWL pond which had
the highest concentrations of these ions.

CONCLUSIONS

In conclusion, the results from the temporal study indi-
cate that there was high dispersal to the LWL pond. The 13
species the pond had in common with Ramsey lake suggest
that the lake is a large colonisation source; however, the
fact that 5 species were found in the LWL pond that were
not found in Ramsey lake along with the large differences
in species abundances suggests that local factors played a
stronger role in the community formation than did broad
regional factors. The fact that none of the ponds from the
spatial study resembled the LWL pond or each other sug-
gests that in the long-term, local factors such as habitat
structure, availability of nutrients, predation and competi-
tion have also been more influential than regional factors
in shaping the community compositions of the four other
constructed ponds.

These conclusions fit well with the meta-community
theory that local factors increase their influence on com-
munity composition with a growing local species pool
(Louette and De Meester, 2005, 2007). Because the spatial
ponds have all had between 20 and 30 years of colonisa-
tion time, their species pool is assumed to be maximised
and the fact that the two ponds with the greatest and low-
est species richness were very close to each other, sug-
gests that they are not dispersal limited; therefore, local
factors likely had a stronger role. Although the LWL pond
is relatively new, the fact that there is a large potential
colonisation source directly adjacent to the pond would
suggest that the local species pool would increase more
quickly than in more isolated conditions. Therefore, the
influence of local factors potentially manifested itself ear-
lier in the LWL pond than in the majority of new habitats.
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