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Abstract The regional occupancy and local abundance of
species are thought to be strongly correlated to their body
size, niche breadth and niche position. The strength of the
relationships among these variables can also differ between
different organismal groups. Here, we analyzed data on
stream diatoms and insects from a high-latitude drainage
basin to investigate these relationships. To generate meas-
ures of niche position and niche breadth for each species,
we used sets of local environmental and catchment vari-
ables separately, applying the outlying mean index analysis.
Beta regression and negative binomial generalized linear
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models were run to predict regional occupancy and mean
local abundance, respectively. We found a positive occu-
pancy—abundance relationship in both diatoms and insects,
and that niche-based variables were the main predictors of
variation in regional occupancy and local abundance. This
finding was mainly due to local environmental niche posi-
tion, whereas the effects of niche breadth on regional occu-
pancy and local abundance were less important. We also
found a relationship between body size and local abundance
or regional occupancy of diatoms. Our results thus add to
current macroecological research by emphasizing the strong
importance of niche position rather than niche breadth and
body size for regional occupancy and local abundance in
rarely studied organisms (e.g., diatoms and insects) and eco-
systems (i.e., wilderness streams).

Keywords Algae - Distribution patterns - Insects -
Occupancy—abundance relationship - Outlying mean index
analysis

Introduction

A positive relationship between regional occupancy (i.e.,
proportion of sites occupied) and local abundance (i.e., mean
local abundance at occupied sites) of species is one of most
extensively investigated patterns in macroecology (Gaston
et al. 2000; Blackburn et al. 2006). This relationship has
been reported for various groups of organisms (Gaston et al.
1998; Gaston and Blackburn 2000; Blackburn et al. 2006)
and at different scales, ranging from broad biogeographic
regions to small areas within drainage basins (Cowley et al.
2001; McGill and Collins 2003; Heino and Virtanen 2006;
Heino and Gonroos 2014).
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Another commonly observed macroecological pattern
relates to the relationship between body size and range size
(Gaston and Blackburn 2000). For example, some studies
have demonstrated that algae (e.g., diatoms) are widely dis-
tributed (Soininen and Heino 2005), whereas insects are
typically restricted to smaller regions (Hoffsten 2004). For
macroorganisms (e.g., birds and mammals), large-bodied
species are, however, typically more widely distributed than
small-bodied species (Brown 1984; Gaston and Blackburn
2000). Thus, the strength of the relationship between body
size and regional occupancy may vary depending on the
organism group under study. Also, regional occupancy may
or may not be related to body size at small spatial extents
(Heino and Gonroos 2014). Rather, these relationships may
be affected by dispersal modes (Passy 2012) or niche charac-
teristics (Tales et al. 2004). For example, in passive dispers-
ers (e.g., diatoms), large body size may limit dispersal and,
therefore, their regional distribution (Passy 2007, 2012). On
the other hand, in active dispersers (e.g., aquatic insects),
large body size is often associated with a higher dispersal
ability and colonization success (Hoffsten 2004; but see
Saito et al. 2015). This latter pattern has been reported for
insects, fishes, birds and mammals in general (Brown and
Maurer 1987, 1989; Luiz et al. 2012).

Niche breadth and niche position are two other potential
drivers of regional occupancy and local abundance patterns.
The niche breadth hypothesis predicts that an increase in
the variety of resources consumed and increased tolerance
to environmental conditions would enhance population via-
bility (Brown 1984). Thus, in a cross-species analysis, one
would expect a positive relationship between niche breadth
and both local abundance and regional occupancy. Simi-
larly, the niche position hypothesis (Venier and Fahrig 1996)
predicts that species consuming widespread resources and
able to occur in average habitat conditions, with low val-
ues of niche position (as given by the method proposed by
Doledéc et al. 2000), would be regionally widespread and
locally abundant (Heino and Gonroos 2014; Tonkin et al.
2016). Thus, niche position may also account for a positive
relationship between regional occupancy and local abun-
dance of species (Tales et al. 2004; Heino 2005; Siqueira
et al. 2009). Regional occupancy and local abundance of
species are, therefore, expected to be simultaneously driven
by their body size, niche breadth and niche position (Gaston
et al. 2000; Tales et al. 2004; Heino and Gonroos 2014).
Tests of the relationship between regional occupancy (or
local abundance) and this set of potential predictors (i.e.,
body size, niche breadth and niche position) are, however,
still scarce (Hurlbert and White 2007; Jenkins et al. 2007,
Slatyer et al. 2013).

Strong support for the niche-based models in account-
ing for species regional occupancy or local abundance has
been previously reported for aquatic organisms (Tales et al.

@ Springer

2004; Heino 2005; Siqueira et al. 2009; Heino and G6nroos
2014). However, few studies have compared niche breadth
and niche position measures generated by different types
of variables (i.e., local environmental versus catchment
variables; but see Siqueira et al. 2009). The influence of
catchment variables on abiotic features at local scales (e.g.,
water chemistry) and subsequently on aquatic organisms has
not been studied thoroughly thus far (Soininen et al. 2015).
One could expect a strong influence of catchment-scale
variables on local environmental characteristics of streams
(Hynes 1970; Corkum 1992). Thus, niche measures based
on catchment variables would provide similar or even bet-
ter explanations for the occupancy—abundance relationships
than niche measures based on local environmental variables.
This would be so because catchment-scale variables are
more likely to integrate environmental changes in water-
sheds, which ultimately would affect local environmental
factors and species communities over longer time scales, in
contrast with noisier local environmental variables (Soininen
et al. 2015). For example, Siqueira et al. (2009), in a study
with tropical chironomids, found that niche position based
on landscape variables better explained variation in regional
occupancy and local abundance in comparison to those
based on local environmental variables. In addition, analyz-
ing niche variables based on different scales would be an
interesting approach because broad-scale studies could rely
on catchment-scale variables, which are easier to measure
and less costly to obtain compared to local-scale variables
(Siqueira et al. 2009; Soininen et al. 2015).

In this study, we expected that the relationships between
body size and regional occupancy would differ between
stream diatoms and insects (Fig. 1a). On the one hand, the
regional occupancy of insects should increase with increas-
ing body size because large insects can disperse actively and
attain larger distribution than small species at the scale of a
drainage basin (Hoffsten 2004; Heino 2013). On the other
hand, the regional occupancy of diatoms should decrease
with increasing body size because passive dispersal rates
of larger cells are lower than those of smaller cells (Snoeijs
et al. 2002; Passy 2007). In general, small-bodied species are
locally more abundant than large species (Hutchinson and
MacArthur 1959; Brown and Maurer 1989). Thus, for both
insects and diatoms, we predicted a negative relationship
between local abundance and body size. Also, the degree of
regional occupancy and local abundance should correlate
negatively with niche position (considering that the higher
the measure proposed by (Doledéc et al. 2000), the higher
the specificity of the niche) and positively with niche breadth
for both organismal groups (Fig. 1b). Based on previous
findings from streams (Heino 2005; Tales et al. 2004; Tonkin
et al. 2016), we expected that niche position, in comparison
with niche breadth, would be a better predictor of regional
occupancy and local abundance, yet different findings have
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Fig. 1 Expected relationships between niche position (NP), niche
breadth (NB) and body size (BS) in predicting occupancy and
abundance (a and b) of stream diatoms and insects. The scenario B
is predicted to be the same for both taxonomic groups. Continuous
line = insects; dashed line = diatoms

also been obtained (Siqueira et al. 2009; Slatyer et al. 2013).
When exploring how local environmental or catchment
niches were linked with variation in regional occupancy and
local abundance, we assumed that catchment niches would
outperform local environmental niches when accounting
for regional occupancy and local abundance (Siqueira et al.
2009).

Materials and methods

Study area

We used diatom and insect data collected in 54 wilderness
streams in the Tenojoki drainage basin (centered on 70°N,

27°E; total basin area: 16,386 km?) in Finland (Fig. S1).
The surveys were conducted in 2012. Stream waters in this
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Fig. 2 Relationships between regional occupancy and mean local
abundance at occupied sites. a = Diatoms; model statistics: pseudo-
R? = 0498, P < 0.001. b = Insects; model statistics: pseudo-
R*=0.429, P < 0.001

drainage basin are highly oligotrophic, and pH ranges from
6.3 to 6.7 (Heino 2013; Schmera et al. 2013). The study
area is very sparsely human-populated, and human activities
(e.g., forestry and agriculture) are uncommon. Consequently,
streams in our study area are pristine or near-pristine.

Insect and diatom data
Insects

Each of the 54 stream sites surveyed in this study was sam-
pled using a 3-min kick-net (net mesh size: 0.3 mm) sam-
pling effort. The sample for each site consisted of six 30-s
subsamples divided in reaches with differences in depth,
current velocity, particle size and moss cover found within
ca. 50 m%. The six subsamples were pooled into a composite
sample representing a single sample for each stream and
immediately preserved in 70% alcohol in the field. The use
of pooled samples is recommendable to cover, as well as
possible, the environmental variation (Johnson et al. 2004;
Sandin and Johnson 2004) and record most of the species
present in a site (Mykri et al. 2006) (Fig. 2).
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Insects were identified to the species level, but early lar-
val stages were identified to genus level because some indi-
viduals did not show sufficient morphological characteristics
to allow identification to species level. In total, we obtained
74 taxa that occurred at more than two sites. For simplicity,
we hereafter call these taxa as species because out of the 74
taxa only 13 were identified to genus level.

Based on maximum larval length, the following ranks
were used to represent insect body size (BS): (1) 0-0.25 cm;
(2) 0.25-0.50 cm; (3) 0.5-1 cm; (4) 1-2 cm and (5) 24 cm
(see Supporting Information Fig. S5 ¢ and d for insect size
class distributions). This information was provided by per-
sonal communication with S. Doledéc (Université Lyon,
France), J. [lmonen (Metséhallitus, Natural Heritage Ser-
vices, Finland) and L. Paasivirta (Salo, Finland), along with
data from Tachet et al. (2010).

Diatoms

The same 54 stream sites surveyed for insects were also sur-
veyed for diatoms. Five to 10 stones (ranging in size from
10 to 30 cm) were haphazardly selected at each site. After,
algae were scraped off from the 10 stones to have a total
area of 250 cm? in each site. In the laboratory, the samples
were treated using acid combustion (HNO;: H,SO,, 2:1) to
oxidize frustules (SFS-EN 14407 2005). Thereafter, diatom
slides were prepared with Naphrax mounting medium. Sub-
samples of about 500 valves per site were identified and
counted using differential interference microscopy with
1000 x magnification. Such a counting effort is typical in
studies of stream diatom communities (e.g., Kelly et al.,
1998). We used the following diatom cell size ranks based on
Rimet and Bouchez (2012): (1) 0-99 um3; (2) 100-299 um3,
(3) 300-599 pm?, (4) 600-1499 pm?; (5) > 1500 um? (see
Supporting Information Fig. S5 a and b for diatom size class
distributions). Most diatoms were identified to species level
(ca. 98%) and few to genus level (ca. 2%), totalizing 101 taxa
that occurred at more than two sites. Again, for simplicity,
we will call all taxa as species.

Local stream environmental and catchment variables

For the local stream environmental variables, we measured
current velocity (m s~!') and depth (cm) at 30 random spots
in a riffle. Also, we measured the mean width (m) of the
sampling sites based on five cross-channel measurements.
Moss cover (%) and streambed particle size distribution
(i.e., % of particle size classes) were visually estimated at
10 haphazardly selected plots of 1 m? in each riffle site. For
streambed particle size, we applied a modified Wentworth’s
scale (Wentworth 1992) as follows: sand (0.25-2 mm),
gravel (2-19 mm), pebble (1664 mm), cobble (64-256 mm)
and boulder (256—-1024 mm). The mean values for each site
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were used in subsequent statistical analysis. Shading (%)
by riparian vegetation was visually estimated at each sam-
pling site by a person standing in the center of the stream
channel. Additionally, we measured pH and conductivity
(uS/cm™') in the field. Also, water samples were analyzed
for total nitrogen (ug/L™"), color (Pt-Co mg/L), iron (ug/
L~!) and manganese (ug/L™") in the laboratory, following
the Finnish national standards (National Board of Waters
and the Environment 1981).

A total of seven catchment-scale variables for the entire
catchment area above each sampling site was computed
using ArcGIS 10.1 software (ESRI, Redlands, USA). The
drainage area (kmz), the distance to the nearest upstream
lake (km), and proportions of mire and lakes (%) were deter-
mined using data sets obtained from the National Land Sur-
vey of Finland (2010a, b). In a situation where there was no
lake upstream of a site, a value representing two-times the
longest measured distance to an upstream lake was utilized
to make the variable usable in statistical analyses. Mean of
tasseled cap greenness, a measure of vegetation abundance
(Crist and Cicone 1984), was computed from a Landsat 7
ETM+ satellite image (see Hjort and Luoto 2006). Mean
of slope angle (°) was calculated from a 25 m-resolution
digital elevation model (DEMs; National Land Survey of
Finland 2000c). Topography-derived moisture conditions of
the catchments were calculated using the DEMs and topo-
graphic wetness index (TWI; Beven and Kirkby 1979). For
descriptive statistics of environmental and catchment vari-
ables see Table S2 and S3, respectively.

Data analysis: niche measurements and models

We used the outlying mean index (OMI) analysis (Dole-
déc et al. 2000) to obtain the niche position (NP) and niche
breadth (NB) for each species. We ran an OMI analysis sep-
arately for each set of environmental variables (i.e., local
and catchment-scale variables) to obtain our “local environ-
mental niches” and “catchment niches”. Thus, we used the
acronyms NP-env and NB-env for the niche characteristics
derived from local environmental variables. Similarly, we
used the acronyms NP-cat and NB-cat for the niche charac-
teristics derived from catchment-scale variables. We calcu-
lated niches measures based on the full set of environmental
and catchment variables (see Supplementary Information
Table S2 and S3, respectively). OMI is an eigenanalysis-
based method that measures NP by calculating the distance
from the mean environmental conditions (centroid) used
by a species and the mean environmental conditions (niche
hyperspace) of the entire surveyed area. Species with high
values of NP tend to occur is less common habitats, and
those with low values tend to occur in habitats with high
availability in the area under study. OMI also provides a
measure of niche breath (or tolerance). Species with high
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values of NB occur across a broad range of environmental
or catchment conditions, whereas species with low values
of NB occur in a limited range of conditions. We used the
R package “ade4” to run the OMI analyses (Chessel et al.
2012; R Development Core Team 2013).

Our first response variable was the proportion of sites
occupied. For each group of organisms, we used two beta
regression models to analyse the relationship between this
response variable and the predictor variables. The first
model, which we called “local environmental” model,
included NP-env, NB-env, and body size as explanatory
variables. The second model, which we called “catch-
ment model”, included NP-cat, NB-cat, and body size as
explanatory variables. We compared the performance of
these models (i.e., “local environmental” and “catchment”
models) using the Akaike information criterion (Burnham
and Anderson 2002). We used simple bivariate scatter plots
(plotting the response against each of the explanatory vari-
ables) as a criterion to judge the importance of variables
within models. We chose this modeling approach (i.e.,
beta regression) because the proportion of occupied sites
assumes values in the interval [0, 1]. In these cases, the
use of beta regression is advisable because the alternative
approach, which consists of logit transforming the data and
using ordinary least square regression, has drawbacks. In
addition to heteroscedasticity, for example, proportions and
rates are typically beta distributed. Thus, assuming a normal
distribution for estimation and hypothesis testing purposes,
even after logit transformation, may be inaccurate, especially
when sample size is small (Ferrari and Cribari-Neto, 2004).

Our second response variable, mean local abundance
at the occupied sites (after rounding the mean values to
integers), was also regressed against NP-env, NB-env and
body size (“local environmental” model) and against NP-
cat, NB-cat and body size (“‘catchment” model). As before,
we compared the performance of these models using an
information-theoretic approach (Burnham and Anderson
2002). Due to data overdispersion, we used negative bino-
mial generalized linear models (Zeileis et al. 2008) to test
the relationships between mean local abundance and the
explanatory variables.

For all models described above, diatom and insect body
sizes (BS) were used as ranked variables. Also, to improve
model fit, NP and NB were log-transformed prior to anal-
yses. In short, the four models analyzed, for diatoms and
insects, were: (a) Occupancy ~ NP-env + NB-env + BS;
(b) Occupancy ~ NP-cat + NB-cat + BS; (c¢) Mean local
abundance ~ NP-env + NB-env + BS; (d) Mean local abun-
dance ~ NP-cat + NB-cat + BS. We decided to run these
pairs of competing models to be able to formally compare
the predictive power of the two types of explanatory vari-
ables (i.e., environmental vs catchment). Also, by doing
so, we avoided collinearity problems caused by the high

relationship between NP-env and NP-cat (r = 0.79 and
r = 0.81, for insect and diatom datasets, respectively).

To support our models and avoid biased results, we per-
formed a re-sampling analysis following a previous study
(Siqueira et al. 2009). This is because the OMI analysis uses
information on abundance and distribution, potentially lead-
ing to circularity when NB and NP are used as predictors of
abundance and distribution. We thus randomly divided the
whole dataset in two subsets; one for estimating regional
occupancy, and the other for niche measurements (NP and
NB). Thus, with each of those acquired subsets, we ran
occupancy models as described above. The random split
and models were repeated 1000 times for both insect and
diatom data subsets. We reported both overall pseudo-R>
values and P values associated with the explanatory vari-
ables that resulted from the randomizations. All the analysis
was performed in the R environment (R Development Core
Team 2013). However, due to estimation problems with the
negative binomial generalized linear models when using
the resampling approach (the algorithm did not converge in
many cases), this procedure was adopted for the beta regres-
sion models only.

In general, species cannot be considered as independent
data points as they are hierarchically structured in a phy-
logeny (Felsenstein 1985). Thus, depending on the level of
phylogenetic signal, cross-species statistical analyses may
exhibit high rates of type I error. No correction for phylog-
eny was used for the above-mentioned analyses, as phylog-
enies are not currently available for all the species included
in this study. However, using taxonomic orders as a proxy
for phylogeny in a graphical inspection, we did not find
any indication that taxonomy could account for significant
variation in those species datasets (see Supporting Infor-
mation Fig. S2). Additionally, previous studies have found
that the occupancy—abundance relationship remains largely
unchanged had a phylogeny correction been conducted or
not (Blackburn et al. 1997; Cowley et al. 2001; Holt and
Gaston 2003; Tales et al. 2004).

Results
Diatoms

The OMI analysis showed that the most important local envi-
ronmental variables related to the distribution of diatoms
across the studied area were moss and shading (OMI axis 1),
pebble, conductivity, and boulder (OMI axis 2) (Supporting
information, Fig. s3a). Of the catchment variables, mean
slope and lake percentage (OMI axis 1), greenness and mire
(OMI axis 2) were the most important variables (Supporting
information, Fig. s3b).
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We found a positive relationship between regional
occupancy and local mean abundance of diatoms (pseudo
R? = 0.498) (Fig. 2a). The regional occupancy of diatoms
was significantly and negatively related with niche position
and body size. We also found a positive relationship between
this response variable and niche breadth. These patterns of
the regression coefficients were found independently of the
variables used to define niche characteristics (i.e., local envi-
ronmental or catchment variables; with pseudo R>=0.74
and pseudo R*> = 0.57, respectively). Judging by the patterns
of relationships depicted in the scatterplots, niche position,
as compared to niche breadth (or body size; Fig. S5), was
the main predictor variable (compare Fig. 3a with Fig. 3b
and Fig. 3¢ with Fig. 3d), and the model based on local
environmental niches was clearly superior to the one based
on catchment niches (delta AIC = 67.25; Table 1).

For diatom mean local abundance, we also found that, by
comparing the niche metrics, niche position was the main
explanatory variable (Fig. 4), and that the model based on
local environmental niches was superior to the one based on
catchment niches (delta AIC = 8.98). NB-env was not a sig-
nificant predictor of diatom mean local abundance (Table 1).
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for niche metrics based on local environmental variables (a, b) and
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Insects

The OMI analysis showed that the most important local
environmental variables for insect distributions were shad-
ing, moss and stream width (OMI axis 1), and pebble, cobble
and boulder (OMI axis 2). The most important catchment
characteristics affecting insect distribution were mean slope
and lake percentage (OMI axis 1), and catchment area and
distance to an upstream lake (OMI axis 2) (see Supporting
information, Fig. S4A, B).

We found a positive relationship between regional occu-
pancy and local abundance (pseudo R? = 0.429) (Fig. 2b).
Most of the variation in regional occupancy among the 74
insect species was explained by our beta regression models
(local environmental niche model: pseudo R* = 0.73; catch-
ment niche model: pseudo R?* = 0.60). Insect occupancy
was significantly and positively related with niche breadth
and negatively related with niche position. Niche position
was the main predictor of insect occupancy (Fig. 5), and
the model based on catchment variables clearly had less
support than the model based on local environmental (delta
AIC = 26.35; Table 1).
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Table 1 Modelling results accounting for variation in the occu-
pancy and abundance of diatoms and insects. Generalized liner mod-
els (assuming a beta distribution) were used to model occupancy

and GLMs (assuming a negative binomial distribution) were used to

model local mean abundance

Group Response Model Explanatories ~ Coefficient ~SE VA P AIC Pseudo R”Z Exp  Obs
Diatoms  Occupancy Local (Intercept) 1.04 0.28 3.76  0.000 - 18592 0.74
NP-env -2.13 0.12 —18.47 0.000 - Yes
NB-env 0.58 0.20 2.87 0.004 + Yes
Body size - 0.11 0.05 —-2.22 0.026 - Yes
Catchment (Intercept) 0.49 0.24 2.05 0.040 —118.67 0.57
NP-cat —-224 0.18 —12.42  0.000 - Yes
NB-cat 0.85 0.17 495 0.000 + Yes
Body size -0.22 0.07 —-3.41 0.001 - Yes
Diatoms  Abundance Local (Intercept) 3.30 0.36 9.17 0.000 59798 043
NP-env —0.83 0.14 —-6.14  0.000 - Yes
NB-env 0.04 0.26 0.17 0.867 + Ns
Body size -0.19 0.07 —2.65 0.008 - Yes
Catchment (Intercept) 2.83 0.27 10.68  0.000 60696 0.37
NP-cat -0.99 0.18 —-543  0.000 - Yes
NB-cat 0.55 0.19 292 0.004 + Yes
Body size —0.26 0.07 —3.50 0.000 - Yes
Insects Occupancy Local (Intercept) —0.02 0.43 —-0.04 0.967 —-104.97 0.73
NP-env -1.71 0.14  —12.65 0.000 - Yes
NB-env 0.77 0.25 3.05 0.002 + Yes
Body size 0.13 0.08 1.63 0.103 + Ns
Catchment (Intercept) —-0.40 0.34 —-1.17 0.242 —78.62 0.60
NP-cat —-2.24 0.21 —10.82  0.000 - Yes
NB-cat 1.24 0.25 490 0.000 + Yes
Body size 0.08 0.09 0.92  0.360 + Ns
Insects Abundance Local (Intercept) 2.94 0.65 4.51 0.000 534.60 0.31
NP-env —0.82 0.18 —-4.59 0.000 - Yes
NB-env 0.92 0.37 2.53  0.011 + Yes
Body size —-0.15 0.12 —-1.26 0.200 - Ns
Catchment (Intercept) 3.36 0.48 7.06  0.000 547.77 0.18
NP-cat —0.88 0.25 —3.45 0.001 - Yes
NB-cat 0.42 0.34 122 0.222 + Ns
Body size —0.16 0.13 -1.27 0.203 - Ns

Only successive pairs of AIC values are comparable

Exp expected relationship [negative (—) or positive (4)], obs observed as expected? [yes or non-significant (ns)]

The pseudo coefficients of determination of the models
predicting insect mean local abundance were substantially
lower than those predicting occupancy (local environmental
niche model: pseudo R? = 0.31; catchment niche model:
pseudo R? = 0.18). Considering the local environmental
model, we found a negative relationship between niche
position and insect abundance. This response variable was
also positively correlated with niche breadth. However, only
niche position was significantly and negatively correlated
with insect mean local abundance (Fig. 6) when the catch-
ment variables were used to estimate niche characteristics
(delta AIC = 13.17; Table 1).

The resampling approach

The results of the resampling approach applied to both dia-
tom and insect occupancy were similar to those obtained
with the full datasets. First, the regression coefficients asso-
ciated with niche position were always significant and, sec-
ond, those coefficients associated with niche breadth and
body size, for both local and catchment models, were so only
in a few cases (Fig. S6 and S7; see Fig. S8 for the pseudo
coefficients of determination). Thus, our models were robust
to the combinations of sampling sites used in the analyses
and, at the same time, they show that our models (using the
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Fig. 4 Relationships between mean local abundance and niche metrics of diatoms. Shown are the results for niche metrics based on local envi-
ronmental variables (a, b) and catchment variables (¢, d). (Legend: y-axis for all panels represent ‘Mean local abundance’)

entire dataset) were not biased by the use of abundance and
distribution in the OMI analysis. Given that the resampling
procedure applied to regional occupancy model generated
results that agreed with those obtained with the entire data-
set and that the relationship between regional occupancy
and local abundance (for both diatoms and insects) is strong,
we assume that the local abundance models are not biased
either.

Discussion

We found that both diatoms and insects of high-latitude
streams exhibited positive occupancy—abundance relation-
ships (i.e., locally abundant species tended to be region-
ally widespread). Also, we found that niche position was a
consistent predictor of regional occupancy and local mean
abundance of the organisms studied, whereas body size was
a significant predictor of only diatom regional occupancy
and local abundance. The recurrence of niche position as
a significant predictor is an interesting result, as it shows
that the degree of species marginality is important for their
regional occupancy and local mean abundance.

@ Springer

We expected that body size would explain a significant
amount of variance in regional occupancy and local abun-
dance of stream organisms given that body size is a proxy
for different attributes, including resource utilization (White
et al. 2007; Borregaard and Rahbek 2010; Passy 2012) and
dispersal ability (Hoffsten 2004; Passy 2007; Heino 2013).
Our findings pointed out that body size was, as predicted, a
negative correlate of diatom regional occupancy and local
abundance, consistent with what is expected for small organ-
isms (Passy 2012). However, contrary to our expectation
and previous research (Hoffsten 2004), body size was not a
significant correlate of regional occupancy and mean local
abundance of insects. The relative range of diatom body size
was larger than that for insect body size and, thus, it may
help to explain why the relationships between our response
variables and body size were significant for diatoms only.
Finally, it may be that niche characteristics are simply more
important than body size in determining the regional occu-
pancy and local abundance of insect species in high-latitude
streams.

Niche position and breadth have been regarded as impor-
tant factors underlying variation in regional occupancy and
local abundance among species (Tales et al. 2004; Heino
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Fig. S Relationships between regional occupancy (proportion of
sites occupied) and niche metrics of insects. Shown are the results
for niche metrics based on local environmental variables (a, b) and

2005; Siqueira et al. 2009; Heino and Génroos 2014; Tonkin
et al. 2016). Our models revealed that niche position, espe-
cially when based on local environmental variables, was
the most important factor affecting the regional occupancy
and local abundance of stream organisms. Thus, species
with marginal niche positions (i.e., with the highest values)
tended to have lower abundances and to be less widespread
that those with non-marginal niche positions (i.e., with the
lowest values for this variable). Thus, independently of the
group of organisms, our results provided consistent support
for the habitat availability hypothesis. This finding agrees
with recent studies conducted in stream environments (Tales
et al. 2004; Heino and Gonroos 2014; Tonkin et al. 2016).
Our results, indicating the importance of niche position,
together with those obtained by Slatyer et al. (2013), who
showed a positive relationship between niche breadth and
geographical range size, clearly indicates the need of a meta-
analysis to test the relative importance of these hypotheses
in a comparative context.

A previous study on tropical streams showed that niche
breadth was the main predictor of regional occupancy and/

catchment variables (c, d). (Legend: y-axis for all panels represents
‘Proportion of sites occupied’)

or local abundance (Siqueira et al. 2009). The difference
with our result (i.e., niche position more important than
niche breadth) may be related to the features of high-latitude
streams, which are characterized by low temperatures, short
growing seasons and harsh winter conditions (Wrona et al.
2013; Tolonen et al. 2017). These factors may impose that
species niche position along harsh environmental gradients
is important in determining species regional occupancy and
local abundance. The lower level of support for the niche
breadth hypothesis has also been reported in previous stud-
ies (Gregory and Gaston 2000; Cowley et al. 2001; Tales
et al. 2004), which might in part be related to difficulties in
generating adequate niche breadth measurements for species
(Gaston 1994). These difficulties may be related to missing
important variables describing niche breadth and the mul-
tidimensional nature of the niche (Hutchinson 1957). How-
ever, we measured the most influential local environmental
and catchment variables affecting the distributions of species
in northern streams (Heino and Soininen 2006; Heino and de
Mendoza 2016), suggesting that our niche breadth measures
should not be worse than the niche position measures.
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Fig. 6 Relationships between mean local abundance and niche metrics of insects. Shown are the results for niche metrics based on local envi-
ronmental variables (a, b) and catchment variables (c, d). (Legend: y-axis for all panels represents ‘Mean local abundance’)

We found that models based on local environmental
niches performed better than those based on catchment
niches in predicting local abundance and regional occupancy
of both diatoms and insects (see AICs in Table 1). The rela-
tionships between regional occupancy, local abundance and
niche characteristics thus seem to be affected by the types of
variables used to generate niche metrics. We speculate that
local environmental niches, as compared to catchment scale
niches, are better predictors of species regional occupancy
and local abundance, as it is at the local scale where species
are ultimately selected to occur in certain sites. However,
environmental variation at larger scales, such as that at the
catchment scale, may also affect regional occupancy and
local abundance (Poff 1997; Vinson and Hawkins 1998).
For example, Siqueira et al. (2009) found that niche indices
defined by landscape variables were important to explain
insect regional occupancy and local abundance variations
across tropical streams. Because the environmental tem-
plates (e.g., temperature and seasonality) differ between
tropical and high-latitude regions, we might also expect
that different drivers are important for the occupancy and
abundance of species. Thus, before generalizing from these

@ Springer

two case studies (Siqueira et al. 2009 and the present study),
we believe that the relative importance of local environmen-
tal and catchment niches in predicting the distributions of
aquatic organisms (local abundance and regional occupancy)
should be evaluated in further studies.

Conclusions

Our results showed a strong positive occupancy—abundance
relationship in both stream diatoms and insects. We also
showed that niche-based metrics are important predictors
of regional occupancy and local abundance of diatoms
and insects across high-latitude streams. A consistent find-
ing was that mainly the niche position hypothesis (Hanski
et al. 1993) was supported in our study as compared to the
weaker support for the niche breadth hypothesis (Brown
1984). These findings did not change substantially when
the species niches were characterized by local (“local envi-
ronmental niches”) instead of catchment variables (“catch-
ment niches”). However, models based on local environ-
mental variables were superior to those based on catchment
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variables. Body size was related to mean local abundance
and regional occupancy of diatoms, but it was not important
for insects. Our results thus add to current macroecological
research by showing the strong importance of niche posi-
tion for occupancy and abundance in this context of rarely
studied organisms (e.g., diatoms and insects) and ecosys-
tems (i.e., high-latitude wilderness streams). Also, they sug-
gest avenues for further research concerning, at least, two
themes: first, the relative role of niche position and niche
breadth in a meta-analytic context (akin to Slatyer et al.
2013) and, second, the relative predictive power of niche
metrics derived from landscape and local scale variables.
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