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Abstract32

33

The regional occupancy and local abundance of species can be strongly correlated to34

their body size, niche breadth and niche position. The strength of the relationships35

among these variables can differ between different organismal groups. Here, we36

analyzed data on stream diatoms and insects from a high-latitude drainage basin to37

investigate these relationships. To generate measures of niche position and niche38

breadth for each species, we used sets of local environmental and catchment variables39

separately, applying the outlying mean index (OMI) analysis. Beta regression and40

negative binomial generalized linear models were run to predict regional occupancy and41

mean local abundance, respectively. We found a positive occupancy-abundance42

relationship in both diatoms and insects, and that niche-based variables were the main43

predictors of variation in regional occupancy and local abundance. This finding was44

mainly due to local environmental niche position measure, whereas the effects of niche45

breadth on regional occupancy and local abundance were less important. We also found46

a rather weak relationship between body size and local abundance or regional47

occupancy of diatoms. Our results thus add to current macroecological research by48

emphasizing the strong importance of niche position rather than niche breadth and body49

size for regional occupancy and local abundance in rarely-studied organisms (e.g.50

diatoms and insects) and ecosystems (i.e. wilderness streams).51
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Introduction57

58

A positive relationship between regional occupancy (i.e. proportion of sites occupied)59

and local abundance (i.e. mean local abundance at occupied sites) of species has been60

widely reported for various groups of organisms (Gaston et al. 1998; Gaston and61

Blackburn 2000; Blackburn et al. 2006). This occupancy-abundance relationship is one62

of the strongest as well as the most extensively investigated patterns in macroecology63

(Gaston et al. 2000; Blackburn et al. 2006). It has been observed at different scales,64

ranging from broad biogeographic regions to small areas within a drainage basins65

(Cowley et al. 2001; McGill and Collins 2003; Heino and Virtanen 2006; Heino and66

Grönroos 2014).67

68

Another commonly-observed macroecological pattern relates to the relationship69

between body size and range size (Gaston and Blackburn 2000). For example, some70

studies have demonstrated that algae (e.g. diatoms) are widely distributed (Soininen and71

Heino 2005), whereas insects are typically restricted to certain regions (Hoffsten 2004).72

Within macroorganisms, large-bodied species are, however, typically more widely73

distributed than small-bodied species (Brown 1984; Gaston and Blackburn 2000). Thus,74

the strength of the relationship between body size and regional occupancy may vary75

depending on the organism group under study. Also, patterns of geographic distribution76

may differ within smaller regions, where species occupancies may or may not be related77

to body size (Heino and Grönroos 2014). Rather, these relationships may be complex78

and be affected by dispersal mode (Passy 2012) or niche characteristics (Tales et al.79

2004). For example, in passive dispersers (e.g. microalgae), large body size may limit80

dispersal and, therefore, their regional distribution (Passy 2007, Passy 2012). On the81



other hand, in active dispersers (e.g. aquatic insects), large body size is often associated82

with a greater dispersal ability and colonization success (Hoffsten 2004; but see Saito et83

al. 2015), which has also been shown generally for insects, fishes, birds and mammals84

(Brown and Maurer 1987, 1989; Luiz et al. 2012).85

86

Niche breadth and niche position are two other potential drivers of regional occupancy87

and local abundance patterns. The niche breadth hypothesis predicts that an increase in88

the variety of resources consumed and increased tolerance to environmental conditions89

would enhance population viability and geographic range size (Brown 1984). In other90

words, niche breadth may be positively related to a wide regional occupancy and higher91

local abundance when species are generalists (i.e. high values of niche breadth) than92

specialists (i.e. low values of niche breadth). However, how niche breadth relates to93

body size in microorganisms is largely unknown. In contrast, for macroorganisms, large94

body size is often linked to the use of a broad range of resources (Brown 1995), habitats95

(Griffiths 2010) or tolerance to environmental conditions (Luiz et al. 2012). Besides96

niche breadth, niche position may also account for a positive relationship between97

regional occupancy and local abundance of species (Tales et al. 2004; Heino 2005;98

Siqueira et al. 2009). According to this hypothesis, species having marginal niches (i.e.99

high values of niche position or low habitat availability) are less widely distributed and100

locally less common than species able to occur in average habitat conditions (i.e. low101

values of niche position or high habitat availability) (Hanski et al. 1993; Venier and102

Fahrig 1996). In other words, the niche position hypothesis predicts that species103

utilizing common and widespread resources would be regionally widespread and locally104

abundant (Heino and Grönroos 2014; Tonkin et al. 2016). Our simultaneous105

understanding of the mechanisms underlying the relationships among body size, niche106



characteristics and distribution of species is still limited (Blackburn and Gaston 2001;107

Jenkins et al. 2007, Slatyer et al. 2013). Regional occupancy and local abundance of108

species are, however, thought to be strongly affected by their body size, niche breadth109

and niche position in combination (Gaston et al. 2000; Tales et al. 2004; Heino and110

Grönroos 2014). Even amongst microorganisms (e.g. stream diatoms), some species111

have broad niches (Cattaneo et al. 1998; Passy and Larson 2011) and others have112

narrow niches (Pringle 1990; Passy 2007).113

114

Strong support for the niche-based models in accounting for species regional occupancy115

or local abundance has been found previously for aquatic organisms (Tales et al. 2004;116

Heino 2005; Siqueira et al. 2009; Heino and Grönroos 2014). However, very few117

studies have compared niche breadth and niche position simultaneously as explanatory118

variables when investigating the occupancy and abundance of species (Hurlbert and119

White 2007; Slatyer et al. 2013). Also, few studies have compared niche breadth and120

niche position measures generated by different types of variables (i.e. local121

environmental versus catchment variables; but see Siqueira et al. 2009). The influence122

of catchment variables on abiotic variables at local scales (i.e. water chemistry) and123

subsequently on aquatic organisms has not been studied thoroughly thus far (Soininen et124

al. 2015). One could expect an influence of catchment-scale variables on local125

environmental characteristics of streams (Hynes 1970; Corkum 1992). Thus, niche126

measures based on catchment variables would provide similar or even better127

explanations for the occupancy-abundance relationships than niche measures based on128

local environmental variables. However, Siqueira et al. (2009) found that niche129

measures based on landscape variables explained better occupancy-abundance130

relationships in comparison to those based on local environmental variables. In addition,131



analyzing niche variables based on different measurement scales would be an132

interesting approach because broad-scale studies could rely on catchment-scale133

variables, which are easier to measure and less costly to obtain compared to local-scale134

variables (Siqueira et al. 2009, Soininen et al. 2015).135

136

In this study, we expected that the relationships between regional occupancy, local137

abundance and body size of species would differ between stream diatoms and stream138

insects (Fig. 1). In general, the degree of regional occupancy should correlate negatively139

with niche position and positively with niche breadth for both organismal groups (Fig.140

1). Based on previous finding from streams (Heino 2005; Tales et al., 2004; Tonkin et141

al., 2016) we expected that niche position would overcome niche breadth as the142

predictor of regional occupancy and local abundance. However, some other studies have143

found the opposite (Siqueira et al., 2009; Slatyer et al., 2013).  On the one hand, the144

regional occupancy and local abundance of diatoms should decrease with increasing145

body size because larger cells are distributed passively less easily than small cells146

(Snoeijs et al. 2002; Passy 2007). On the other hand, the regional occupancy of insects147

should increase with increasing body size because large insects can disperse actively148

and attain larger distribution than small species at the scale of a drainage basin149

(Hoffsten 2004; Heino 2013). However, small species are probably more abundant150

locally than large species in stream insect assemblages, as has been found in general in151

the animal kingdom (Hutchinson and MacArthur 1959; Brown and Maurer 1989).152

While we explored how environmental or catchment niches linked best with variation in153

regional occupancy and local abundance, we did not form any specific hypotheses154

owing to a little previous information about the topic (but see Siqueira et al. 2009).155

156



157

Materials and Methods158

159

Study area160

We used diatom and insect data collected in 54 wilderness streams in the Tenojoki161

drainage basin (centered on 70oN, 27oE; total basin area: 16386 km2) in Finland (see162

map in Supporting information, Fig. S1). The surveys were conducted in 2012. Stream163

waters in this drainage basin are highly oligotrophic and have pH ranging from 6.3 to164

6.7 (Heino 2013; Schmera et al. 2013). The study area is very sparsely human-165

populated, and human activities (e.g. forestry and agriculture) are uncommon.166

Consequently, streams in our study area are pristine or near-pristine, providing excellent167

possibilities to study mechanisms underlying the occupancy and abundance of species168

in the virtual absence of human influences (Heino, Ilmonen and Paasivirta 2014). The169

topography of the study area is dominated by rounded mountains (i.e. fells), and170

elevation varies between 10 and 640 m above the sea level.171

172

Insect and diatom data173

174

Insects175

Each of the 54 stream sites surveyed in this study was sampled using a 3-min kick-net176

(net mesh size: 0.3 mm) sampling effort. The sample for each site consisted of six 30-s177

subsamples divided across variations in depth, current velocity, particle size and moss178

cover found within ca. 50 m2. The six subsamples were pooled into a composite sample179

representing a single sample for each stream and immediately preserved in 70 % alcohol180

in the field. In an attempt to cover most of the different “habitat types” within a riffle181



site (e.g. variation in depth, current velocity, particle size and moss cover), the use of182

this kind of stratified sampling at a given site (i.e. pooling samples) is used in order to183

cover well enough the most of the environmental variation at each site (Johnson et al.,184

2004; Sandin and Johnson 2004). Our sampling effort has been shown to perform185

effectively, capturing a great share of species at each surveyed stream site and only186

missing very rare tourist species (Mykrä et al. 2006).187

188

Insects were identified to the species level, but early larval stages were identified to189

genus level because some individuals did not show adequate morphological190

characteristics to allow identification to species level. In total, we obtained 74 taxa that191

occurred at more than two sites. For simplicity, we hereafter call these taxa as species192

because out of 74 taxa 13 were identified to genus level.193

194

Based on maximum larval length, the following ranks were used to represent insect195

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) 2-4196

cm (see Supporting Information Fig. S9 C and D for insect size class distributions). This197

information was provided by personal communication with S. Doledéc (Université198

Lyon, France) J. Ilmonen (Metsähallitus, Natural Heritage Services, Finland) and L.199

Paasivirta (Salo, Finland), along with data from Tachet et al. (2010).200

201

Diatoms202

The same 54 stream sites surveyed for insects were also surveyed for diatoms. Five to203

10 stones of size 10-30 cm were randomly selected at each site and algae were brushed204

from areas of 5 cm × 5 cm on stone surfaces in order to get a brushed area of 250 cm2 in205

total for each study site. The samples from each brushing were pooled into a composite206



sample at each site. In the laboratory, the samples were treated using acid combustion207

(HNO3: H2SO4, 2:1) to oxidize frustules (SFS-EN 14407, 2005). Thereafter, diatom208

slides were prepared with Naphrax mountant. Subsamples of about 500 valves per site209

were identified and counted using DIC microscope with 1000 × magnification. Such an210

effort is typical in studies of stream diatom communities (e.g. Kelly et al., 1998). We211

used the following diatom cell size (BS) ranks based on Rimet and Bouchez (2012): (1)212

0-99 µm3; (2) 100-299 µm3, (3) 300-599 µm3, (4) 600-1499 µm3; (5) ≥ 1500 µm3 (see213

Supporting Information Fig. S9 A and B for diatom size class distributions). Most214

diatoms were identified to species level (c. 98%) and few to genus level (c. 2%),215

totalizing 101 taxa that occurred at more than two sites. Again, for simplicity, we will216

call all taxa as species.217

218

Local stream environmental and catchment variables219

220

For the local stream environmental variables, we measured current velocity (m s-1) and221

depth (cm) at 30 random spots in a riffle. Also, we measured the mean width (m) of the222

sampling site based on five cross-channel measurements. Moss cover (%) and river223

bottom particle size (i.e. % of particle size classes were visually estimated at ten 1 m2224

plots at random locations in each riffle site. For river bottom particle size, we visually225

estimated in each plot and apply a modified Wentworth’s scale (1922): sand (0.25-226

2mm), gravel (2-19 mm), pebble (16-64 mm), cobble (64-256 mm) and boulder (256-227

1024 mm). The mean values for each site were used in subsequent statistical analysis.228

Shading (%) by riparian vegetation was visually estimated at each sampling site (50 m2)229

by a person standing in the stream. Additionally, we measured pH and conductivity230

(µS/cm -1) in the field. Also, water samples were taken, frozen and subsequently231



analyzed for total nitrogen (µg/L-1), color (Pt – Co mg/L), iron (µg/L-1) and manganese232

(µg/L-1) in the laboratory, following the Finnish national standards (National Board of233

Waters and the Environment 1981).234

235

A total of seven catchment-scale variables for the entire catchment area above each236

sampling site was computed using ArcGIS 10.1 software (ESRI, Redlands, USA). The237

drainage area (km2), the distance to the nearest upstream lake (km) and proportions of238

peatlands and lakes (%) were determined using data sets obtained from the National239

Land Survey of Finland (2010a and b). In a situation where there was no lake upstream240

of a site, a value representing two-times the longest measured distance to the upstream241

lake was utilized to make the variable usable in statistical analyses. Mean of tasseled242

cap greenness, a measure of the abundance of green vegetation (Crist and Cicone 1984),243

was computed from a Landsat 7 ETM+ satellite image (see Hjort and Luoto 2006).244

Mean of slope angle (°) was calculated from a 25m-resolution digital elevation model245

(DEMs; National Land Survey of Finland 2000c). Topography-derived moisture246

conditions of the study catchments were calculated using the DEMs and topographic247

wetness index (TWI; Beven and Kirkby 1979). For descriptive statistics of248

environmental and catchment variables see Supporting Information Table S2 and S3,249

respectively.250

251

Taking into account the catchment features for calculating niche breadth (NB) and niche252

position (NP) for each species, we will call them as “catchment niches” (NB-cat and253

NP-cat), and compare them with the niche characteristics based on local environmental254

variables, called as “local environmental niches” (NB-env and NP-env). Those255

comparisons should provide us different information about species niches, and the256



different niche measures (“local environmental niches” vs. “catchment niches”) may257

thus result in different information about the occupancy-niche relationships for the258

different organism groups.259

260

Data analysis: niche measurements and models261

In order to generate measures of NP and NB for each species, we used the sets of local262

environmental and catchment variables separately, applying the outlying mean index263

(OMI) analysis (Doledéc et al. 2000) to obtain our “local environmental niches” and264

“catchment niches”. This method calculates the marginality of habitat distribution of265

species along the measured environmental conditions (i.e. in this case environmental or266

catchment conditions) within a region. OMI analysis measures the NP by calculating the267

distance from the mean environmental conditions (centroid) used by a species and the268

mean environmental conditions (niche hyperspace) of the entire surveyed area. We269

calculated niches measures based on the full set of environmental and catchment270

variables (see Supplementary Information Table S2 and S3 respectively). Thus, species271

having high values of NP have marginal niches (i.e. low habitat availability), and those272

species having low values have non-marginal niches (i.e. high habitat availability). OMI273

also provides a measure of tolerance, or NB. Species having high values of NB occur274

across a broad range of environmental or catchment conditions, whereas species that275

have low values of NB occur in a limited range of conditions. NP and NB were276

computed for each taxon, employing each set of variables (environmental or catchment)277

separately and using the OMI analysis in the R package “ade4” (Chessel et al. 2012)278

and performed in the R environment (R Development Core Team, 2013). To obtain279

reasonable measures of NB, the OMI analysis results were derived for species occurring280

at more than two sites in the datasets.281



282

Our first response variable was the proportion of occupied sites. For each group of283

organisms, we used two generalized linear models with a beta distribution (beta284

regression) to analyse the relationship between this response variable and the predictor285

variables. The first model, which we called “local environmental” model, included NP-286

env, NB-env, and body size as explanatory variables. The second model, which we287

called “catchment model”, included NP-cat, NB-cat, and body size as explanatory288

variables (see below). We compared the performance of these models (i.e. “local289

environmental” and “catchment” models) using the Akaike information criterion290

(Burnham and Anderson 2002), and visual interpretation of the scatterplots as the291

criterion to judge the importance of variables within models. We chose this modelling292

approach (i.e. beta regression) because the proportion of occupied sites assumes values293

in the interval [0,1].  In these cases, the use of beta regression is advisable because the294

alternative approach, which consists of logit transforming the data and using ordinary295

least square regression, has drawbacks. In addition to heteroscedasticity, for example,296

proportions and rates are typically beta distributed. Thus, assuming a normal297

distribution for estimation and hypothesis testing purposes, even after logit298

transformation, may be inaccurate, especially when sample size is small (Ferrari and299

Cribari-Neto, 2004).300

301

Our second response variable, mean local abundance at the occupied sites (after302

rounding the mean values to integers), was also regressed against NP-env, NB-env and303

body size (“local environmental” model) and against NP-cat, NB-cat and body size304

(“catchment environmental”). As before, we compared the performance of these models305

using an information-theoretic approach (Burnham and Anderson 2002). Due to data306



overdispersion, we used negative binomial generalized linear models (Zeileis et al.307

2008) to test the relationships between mean local abundance and the explanatory308

variables.309

310

For all models described above, diatom and insect body sizes (BS) were used as ranked311

variables. Also, NP and NB were log-transformed prior to analyses. In short, the four312

models analyzed, for diatoms and insects, were: (i) Occupancy ~ NP-env + NB-env +313

BS; (ii) Occupancy ~ NP-cat + NB-cat + BS; (iii) Mean local abundance ~ NP-env +314

NB-env + BS; (iv) Mean local abundance ~ NP-cat + NB-cat + BS. We ran these pairs315

of competing models (i.e. local environmental vs. catchment) to formally avoid316

collinearity. Also, by doing so, we avoided collinearity problems caused by the rather317

strong relationship between NP-env and NP-cat (r = 0.79 and r = 0.81, for insect and318

diatom datasets, respectively). For correlation coefficients showing the relationships319

between the variables for diatoms and insects used in the models see Supporting320

Information Table S1. Using two separate models, the variance inflation factors (VIF)321

were always lower than 2.0 (maximum = 1.44).322

323

To support our models and avoid biased results, we performed a re-sampling analysis324

following a previous study (Siqueira et al. 2009). This is because OMI analysis uses325

information on abundance and distribution, potentially leading to circularity when NB326

and NP are used as predictors of abundance and distribution. We thus randomly divided327

the whole dataset in two subsets; one for estimating regional occupancy, and the other328

for niche measurements (NP and NB). Thus, with each of those acquired subsets, we ran329

occupancy models as described above. The random split and models were repeated330

1000 times for both insect and diatom data subsets. We reported both overall pseudo-R2331



values and P-values associated with the explanatory variables that resulted from the332

randomizations. Thus, pseudo-R2  and P-values justify, respectively, the strengthening333

of resampling procedure in assessing which model (environmental niche or catchment334

niche) or which predictor variable (NP-env, NB-env, NP-cat, NB-cat and body size) was335

superior based on how often these values were significant. Analysis was performed in336

the R environment (R Development Core Team, 2013). However, due to estimation337

problems with the negative binomial generalized linear models when using the338

resampling approach (the algorithm did not converge in many cases), this procedure339

was adopted for the beta regression models only.340

341

In general, species part of the same community dataset cannot be treated as independent342

data points as they are hierarchically structured in a phylogeny (Felsenstein 1985).343

Thus, depending on the level of phylogenetic signal, cross-species statistical analyses344

may exhibit high rates of type I error. No correction for phylogeny was used for the345

above-mentioned analyses, as phylogenies are not currently available for all the species346

included in this study. We did not find any indication that taxonomy could account for347

significant variation in those species datasets, using taxonomic orders as a proxy for348

phylogeny in a graphical inspection (see Supporting Information Fig. S2). Additionally,349

previous studies have found that the occupancy-abundance relationship remains largely350

unchanged had a phylogeny correction been conducted or not (Blackburn et al. 1997;351

Cowley et al. 2001; Holt and Gaston 2003; Tales et al. 2004).352

353

Results354

355

Diatoms356



The OMI analysis showed that the most important local environmental variables related357

to the distribution of diatoms across the studied area were moss and shading (OMI axis358

1), pebble, conductivity, and boulder (OMI axis 2) (Supporting information, Fig. S3A).359

Of the catchment variables, mean slope and lake percentage (OMI axis 1), greenness360

and mire (OMI axis 2) were the most important variables (Supporting information, Fig.361

S3B).362

363

Diatoms showed a strong and positive relationship between occupancy and local mean364

abundance (pseudo R2 = 0.498). The regional occupancy of diatoms was significantly365

and negatively related with niche position and body size. We also found a positive366

relationship between this response variable and niche breadth. These patterns of the367

regression coefficients were found independently of the variables used to define niche368

characteristics (i.e. local environmental or catchment variables; with pseudo R2 = 0.74369

and pseudo R2 = 0.57, respectively). In general, niche position was the main predictor370

variable (see Supporting Information Fig. S5), and the model based on local371

environmental niches was clearly superior to the one based on catchment niches (delta372

AIC = 67.25; Table 1).373

374

For diatom abundance, we also found that niche position was the main explanatory375

variable (see Supporting Information Fig. S6), and that the model based on local376

environmental niches was superior to the one based on catchment niches (delta AIC =377

8.98). NB-env was not a significant predictor of diatom abundance (Table 1).378

379

Resampling analysis strengthened the role of niche position as the main predictor of380

diatom occupancy. The role of niche breadth and body size, for both local and381



catchment models, was less certain as we found P-values < 0.05 associated to these382

variables in only a few cases (see Supporting Information Fig. S10 and Fig. S12 for383

resampling procedure results).384

385

Insects386

The OMI analysis showed that the most important local environmental variables for387

insect distributions were shading, moss and stream width (OMI axis 1), and pebble,388

cobble and boulder (OMI axis 2). The most important catchment characteristics389

affecting insect distribution were mean slope and lake percentage (OMI axis 1), and390

catchment area and distance to an upstream lake (OMI axis 2) (see Supporting391

information, Fig. S4A, B).392

393

When exploring the relationship between the response variables, we found a strong and394

positive relationship between regional occupancy and local abundance (pseudo R2 =395

0.429). Most of the variation in regional occupancy among the 74 insect species was396

explained by our beta regression models (local environmental niche model: pseudo R2 =397

0.73; catchment niche model: pseudo R2 = 0.60). Insect occupancy was significantly and398

positively related with niche breadth and negatively related with niche position. Niche399

position was the main predictor of insect occupancy (see Supporting Information Fig.400

S7), and the model based on catchment variables was clearly less important than the401

model based on local environmental (delta AIC = 26.35; Table 1).402

403

The pseudo coefficients of determination of the models predicting insect local404

abundance were substantially lower than those predicting occupancy (local405

environmental niche model: pseudo R2 = 0.31; catchment niche model: pseudo R2 =406



0.18). Considering the local environmental model, we found a negative relationship407

between niche position and insect abundance. This response variable was also positively408

correlated with niche breadth. However, only niche position was significantly and409

negatively correlated with insect abundance (see Supporting Information Fig. S8) when410

the catchment variables were used to estimate niche characteristics (delta AIC = 13.17;411

Table 1).412

413

Resampling analysis also strengthened the role of niche position as the main predictor414

of insect occupancy. Again, we found P-values < 0.05 associated to niche breadth and415

body size, for both local and catchment models, only in few cases (see Supporting416

Information  Fig. S11 and S12 for resampling procedure results).417

418

Discussion419

420

When focusing on the occupancy-abundance relationship, our findings concurred with421

those of Gaston et al. (1997) and Gaston and Blackburn (2000), with both diatoms and422

insects of high-latitude streams showing a positive occupancy-abundance (i.e. locally423

abundant species tended to be regionally widespread). Also, we found that niche424

position was always the main predictor of regional occupancy or local abundance of the425

studied organisms. In addition, body size was a significant predictor of diatom regional426

occupancy and local abundance. The recurrence of niche position calculated based on427

the local environmental variables as the main predictor is an interesting result, as it428

shows that the degree of species marginality in terms of local environmental variables is429

important for their regional occupancy and local abundance. In the following, we will430



consider these findings in the light of macroecological patterns (e.g. Passy 2012) and431

the characteristics of high-latitude stream systems (e.g. Wrona et al. 2013).432

433

We expected that body size would explain variation in the regional occupancy and local434

abundance of stream organisms. Body size is a proxy for different attributes, including435

resource utilization (White et al. 2007; Borregaard and Rahbek 2010; Passy 2012) and436

dispersal ability (Hoffsten 2004; Passy 2007; Heino 2013). Our findings pointed out that437

body size was, as predicted, a negative correlate of diatom regional occupancy and local438

abundance, indicating what is expected for small organisms (Passy 2012). The relative439

range of diatom body size was larger than that for insect body size and, thus, it may help440

to explain the body size effect on diatoms only. Contrary to our results, Hoffsten (2004)441

showed that body size (or wing size) was an important predictor of insect regional442

occupancy. One possible explanation for this discrepancy is that niche characteristics443

may simply be more important than body size in determining the regional occupancy444

and local abundance of insect species in high-latitude streams. High-latitude insect445

species also have specific adaptations to respond to seasonal and year-to-year variability446

(e.g. Danks 2004), which may not necessarily be related to body size. For example, the447

role of body size may be more complex in high-latitude streams (e.g. most species have448

one generation per year, and large species even have ‘slower’ life cycles than one year),449

although this trait is related more directly to multiple life history characteristics and450

dispersal capacity in tropical streams (e.g. Saito et al. 2015).451

452

Niche position and breadth have been regarded as important factors determining453

variation in regional occupancy and local abundance among species (Tales et al. 2004;454

Heino 2005; Siqueira et al. 2009; Heino and Grönroos 2014; Tonkin et al. 2016). Our455



models revealed that niche position, especially when based on local environmental456

variables, was the most important factor affecting the regional occupancy and local457

abundance of stream organisms. Species with marginal niche positions tended to have458

lower abundances and to be less widespread that those with non-marginal niche459

positions (i.e. with smaller values for this variable). Previous studies have indicated that460

the spatial configuration of the sampling sites can have a major influence on the461

estimation of niche measures that are used to predict abundance and distribution462

patterns (Siqueira et al. 2009).  In a similar vein, Sály and Erös et al. (2016) found a463

strong effect of sampling design on the results of variation partitioning, a method often464

used in metacommunity ecology to infer the importance of environmental and spatial465

variables in explaining variation in local communities. However, independently of the466

group of organisms, our results provided consistent support for local habitat availability467

(i.e. niche position based on local environmental variables) as a determinant of regional468

occupancy and local abundance. These results were also robust to the spatial469

configuration of the sampling sites for regional occupancy, as indicated by our470

resampling analysis. However, given that the resampling procedure applied to regional471

occupancy model generated results that agreed with those obtained with the entire472

dataset, we are confident that local abundance models are not biased because for both473

diatoms and insects the regional occupancy-local abundance relationship is rather474

strong.475

476

Previous studies in stream environments have also shown that niche breadth is a477

significant predictor of regional occupancy and/or local abundance (Heino 2005;478

Siqueira et al. 2009; Heino and Grönroos 2014). The difference with our result (i.e.479

niche position more important than niche breadth) may be related to the features of480



high-latitude streams, which are characterized by low temperatures, short growing481

seasons and harsh winter conditions (Wrona et al., 2013; Tolonen et al. 2017). These482

factors may dictate that species marginality (niche position) along harsh environmental483

gradients is important when it comes to determining species regional occupancy and484

local abundance, suggesting that environmental factors may also overwhelm dispersal485

constrains in high-latitude streams organisms (Kärnä et al. 2015; Tolonen et al. 2017).486

We found that occupancy-niche position and abundance-niche position relationships487

were very strong for both diatoms and insects. Thus, diatom and insect species were488

mostly distributed based on the availability of environmental conditions. The lower489

level of support for the niche breadth hypothesis has also been reported in previous490

studies (Gregory and Gaston 2000; Cowley et al. 2001; Tales et al. 2004), which might491

in part be related to difficulties in generating adequate niche breadth measurements for492

species (Gaston 1994). These difficulties may be related to missing, yet important,493

variables describing niche breadth and the multidimensional nature of the niche494

(Hutchinson 1957). However, we measured the most influential local environmental and495

catchment variables affecting the distributions of species in northern streams (Heino and496

Soininen 2006; Heino and de Mendoza 2016), suggesting that our niche breadth497

measures should not be worse than the niche position measures.498

499

When we focused on different variables to calculate the niche measures, the “local500

environmental niches” were more important for local abundance and regional501

occupancy of both diatoms and insects, whereas “catchment niches” were typically less502

important. The relationships between regional occupancy, local abundance and niche503

characteristics thus seem to be affected by the types of variables used to generate niche504

indices. It can be expected that local environmental niches are more important for505



species regional occupancy and local abundance, as it is at the local scale where species506

are ultimately selected to occur in certain sites. However, environmental variation at507

larger scales, such as that at the catchment scale, may also affect regional occupancy508

and local abundance (Poff 1997; Vinson and Hawkins 1998). Hence, Siqueira et al.509

(2009), who sampled variation across catchments, also found niche indices defined by510

landscape variables to be important for insect regional occupancy and local abundance511

across tropical streams, whereas the distributions of high-latitude insects appear to be512

more related to differences in local environmental factors than catchment physiographic513

aspects.514

515

Conclusions516

517

Our results showed a strong positive occupancy-abundance relationship in both stream518

diatoms and insects. We also showed that niche-based patterns are important predictors519

of regional occupancy and local abundance of diatoms and insects across high-latitude520

streams. A consistent finding was that mainly the niche position hypothesis (Hanski et521

al. 1993) was supported in our study, whereas the niche breadth hypothesis (Brown522

1984) was less important as the mechanism underlying variation in the regional523

occupancy and local abundance of stream diatoms and insects. These findings did not524

vary substantially if the species niches were characterized by local (“local525

environmental niches”) or catchment variables (“catchment niches”). However, models526

based on local environmental variables were superior to those based on catchment527

variables. Body size was related to mean local abundance and regional occupancy of528

diatoms, but it was not important for insects. Our results thus add to current529

macroecological research by showing the strong importance of niche position for530



occupancy and abundance in rarely-studied organisms (e.g. diatoms and insects) and531

ecosystems (i.e. high-latitude wilderness streams).532
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Figure captions748

749

Fig. 1 Expected relationships between niche position (NP), niche breadth (NB) and750

body size (BS) in predicting occupancy and abundance (A and B) of stream diatoms and751

insects. The scenario B is predicted to be the same for both taxonomic groups. Flat line752

= insects; dashed line = diatoms.753

754

Fig. 2 Relationships between regional occupancy and mean local abundance at occupied755

sites. A= Diatoms; model statistics: pseudo-R2 = 0.498, P < 0.001. B= Insects; model756

statistics: pseudo-R2 = 0.429, P < 0.001.757

758

759

760

761



Tables and Figures762

Table 1 Regression results accounting for variation in the occupancy and abundance of763

diatoms and insects. Generalized liner models (assuming a beta distribution) were used764

to model occupancy and GLMs (assuming a negative binomial distribution) were used765

to model local mean abundance. Only successive pairs of AIC values are comparable.766

Legend: ER = expected relationship; Found = significant results found; ns = non-767

significant; neg = negative; pos = positive.768

769

Group Response Model Explanatories Coeff. SE Z P AIC pseudo R2 ER Found
Diatoms Occupancy Local (Intercept) 1.04 0.28 3.76 0.000 -185.92 0.74

NP-env -2.13 0.12 -18.47 0.000  neg yes
NB-env 0.58 0.20 2.87 0.004  pos yes
Body size -0.11 0.05 -2.22 0.026  neg yes

Catchment (Intercept) 0.49 0.24 2.05 0.040 -118.67 0.57
NP-cat -2.24 0.18 -12.42 0.000  neg yes
NB-cat 0.85 0.17 4.95 0.000  pos yes
Body size -0.22 0.07 -3.41 0.001  neg yes

Diatoms Abundance Local (Intercept) 3.30 0.36 9.17 0.000 597.98 0.43
NP-env -0.83 0.14 -6.14 0.000   - neg
NB-env 0.04 0.26 0.17 0.867  pos ns
Body size -0.19 0.07 -2.65 0.008  neg yes

Catchment (Intercept) 2.83 0.27 10.68 0.000 606.96 0.37
NP-cat -0.99 0.18 -5.43 0.000   - neg
NB-cat 0.55 0.19 2.92 0.004  pos yes
Body size -0.26 0.07 -3.50 0.000  neg 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  neg yes
NB-env 0.77 0.25 3.05 0.002  pos yes
Body size 0.13 0.08 1.63 0.103  pos 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  neg yes
NB-cat 1.24 0.25 4.90 0.000  pos yes
Body size 0.08 0.09 0.92 0.360  pos 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   - neg
NB-env 0.92 0.37 2.53 0.011  pos yes



Body size -0.15 0.12 -1.26 0.200  neg 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   - neg
NB-cat 0.42 0.34 1.22 0.222  pos ns
Body size -0.16 0.13 -1.27 0.203  neg ns
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