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MARINO et al.

Abstract
Aim: Locally abundant species are usually widespread, and this pattern has been re‐
lated to properties of the niches and traits of species. However, such explanations fail
to account for the potential of traits to determine species niches and often overlook
statistical artefacts. Here, we examine how trait distinctiveness determines the abili‐
ties of species to exploit either common habitats (niche position) or a range of habitats
(niche breadth) and how niche position and breadth, in turn, affect abundance and
occupancy. We also examine how statistical artefacts moderate these relationships.
Location: Sixteen sites in the Neotropics.
Time period: 1993–2014.
Major taxa studied: Aquatic invertebrates from tank bromeliads.
Methods: We measured the environmental niche position and breadth of each spe‐
cies and calculated its trait distinctiveness as the average trait difference from all
other species at each site. Then, we used a combination of structural equation models
and a meta‐analytical approach to test trait–niche relationships and a null model to
control for statistical artefacts.
Results: The trait distinctiveness of each species was unrelated to its niche proper‐
ties, abundance and occupancy. In contrast, niche position was the main predictor of
abundance and occupancy; species that used the most common environmental condi‐
tions found across bromeliads were locally abundant and widespread. Contributions
of niche breadth to such patterns were attributable to statistical artefacts, indicating
that effects of niche breadth might have been overestimated in previous studies.
Main conclusions: Our study reveals the generality of niche position in explaining one
of the most common ecological patterns. The robustness of this result is underscored
by the geographical extent of our study and our control of statistical artefacts. We
call for a similar examination across other systems, which is an essential task to un‐
derstand the drivers of commonness across the tree of life.
KEYWORDS

abundance, environmental niche, functional distinctiveness, functional traits, metacommunity,
niche breadth, niche position, occupancy

1 | I NTRO D U C TI O N

climatic regions and different ecosystems, both regionally and across
the geographical range of species (Martinez‐Meyer, Diaz‐Porras,

Species with high local abundance also tend to be widespread re‐

Peterson, & Yanez‐Arenas, 2013; Yañez‐Arenas, Martínez‐Meyer,

gionally (Brown, 1984; Gaston et al., 2000), a pattern that may arise

Mandujano, & Rojas‐Soto, 2012; for a brief overview of other stud‐

by several mechanisms (Borregaard & Rahbek, 2010). Among these,

ies, see Heino & Tolonen, 2018). Nonetheless, support for either hy‐

most attention has focused on two mechanisms related to how spe‐

pothesis as the main driver of patterns of abundance and occupancy

cies use available habitat. The “niche breadth hypothesis” (Brown,

is inconclusive (Dallas, Decker, & Hastings, 2017; Slatyer, Hirst, &

1984) asserts that species able to tolerate a broad range of environ‐

Sexton, 2013; Weber, Stevens, Diniz‐Filho, & Grelle, 2017), and it

mental conditions should be both locally abundant and widespread.

is unclear whether this is attributable to statistical artefacts or to

The “niche position hypothesis” (also called the habitat availability

failure to account for the underlying drivers of niche breadth and

hypothesis; Hanski, 1993; Venier & Fahrig, 1996) asserts that spe‐

position, such as species traits.

cies capable of using the most common environmental conditions

Species traits are increasingly being used to predict species–

found across habitats in a region (i.e., a central niche position) will

environment associations (McGill, Enquist, Weiher, & Westoby,

be both locally abundant and widespread. These two hypotheses

2006) and, as such, have been proposed as a driver of abundance

have been tested extensively across taxonomic groups, different

and occupancy patterns (Heino & Tolonen, 2018). The rationale is

|
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that species traits determine the range of environmental conditions

3

varies predictably along environmental gradients related to plant

in which each species can occur, and abundances are expected to

size (i.e., diameter, water volume and number of leaves; Dézerald

reach their maximum when traits best match environmental condi‐

et al., 2013; Farjalla et al., 2012; Marino, Srivastava, & Farjalla,

tions (Lavorel & Garnier, 2002). This suggests that there might be a

2013; Petermann et al., 2015; Richardson, 1999). Furthermore,

suite of traits that could predict which species should be dominant

evidence suggests that this species–environment association is

and widespread. This prediction is often tested using only one or a

unlikely to be explained by spatial autocorrelation in environmen‐

few well‐resolved traits (e.g., body size, feeding guild) to explain pat‐

tal conditions (Marino et al., 2013, 2017), but by differences in

terns in abundance and occupancy (Heino & Grönroos, 2014; Heino

species life‐history traits (e.g., environmental tolerance and feed‐

& Tolonen, 2018; Rocha et al., 2018; Tales, Keith, & Oberdorff,

ing guild; Dézerald, Céréghino, Corbara, Dejean, & Leroy, 2015;

2004). However, studies based on a few traits have only limited ca‐

Dézerald et al., 2017). Céréghino et al. (2018) recently compiled

pacity to explain abundance and occupancy; instead, such patterns

trait information from 852 bromeliad invertebrate taxa sampled

should be best explained by the niche properties of species.

in several sites across the Neotropics and demonstrated that four

Although species traits appear less important than their niche

major axes of trait variation summarize their ecological strategies

properties in contributing to abundance and occupancy, there are

(i.e., trophic, habitat, defence and life‐history niche axes). As such,

a few limitations from previous studies that need to be considered.

aquatic invertebrates from tank bromeliads can be used to test the

First, there is no single trait that can fully describe the ecological

contribution of biological mechanisms and statistical artefacts to

strategies used by a species (Céréghino et al., 2018; Winemiller,

abundance and occupancy patterns.

Fitzgerald, Bower, & Pianka, 2015). As such, abundance and oc‐

Using environmental and aquatic invertebrate data sampled from

cupancy patterns may be driven by combinations of several traits

tank bromeliads across 16 sites across the Neotropics, we tested the

rather than by individual traits (e.g., body size and trophic guild;

relative strength and importance of species traits and niche prop‐

Pilière et al., 2016), or by how distinct each species is in terms of

erties on abundance and occupancy while accounting for statistical

trait composition when compared with the rest of the community

artefacts. Our approach allowed us to quantify the magnitude of

(Saito, Laroche, Siqueira, & Pavoine, 2018). Second, previous stud‐

these relationships within and across study sites. We hypothesized

ies have failed to recognize that niche properties of species may be

that the trait differences of species govern their niche properties,

governed by their traits (McGill et al., 2006), and to date, studies

and thus are indirectly related to abundance and occupancy patterns

do not account for this relationship when analysing abundance and

(Figure 1, bottom panel). Importantly, there are two opposing hy‐

occupancy patterns. Consequently, the largest contribution of spe‐

potheses that link differences in traits to species abundances and

cies traits to such patterns may be through their effect on niche

distributions.

properties (Figure 1, bottom panel), but this possibility has yet to
be tested.

First, a distinct combination of traits may allow a species
to explore a broad range of environmental conditions. This can

Statistical artefacts may also inflate apparent effects of niche

occur because distinct trait combinations map onto multivariate

position, niche breadth and traits on abundance and occupancy

environmental conditions better than an average of all traits or

(Borregaard & Rahbek, 2010). Given that habitats have a limit to the

because distinct traits weaken biotic interactions, such as compe‐

number of individuals that they can support, even random place‐

tition, reducing their negative effects across a range of environ‐

ment of individuals in a habitat matrix would result in species with

ments (Bernard‐Verdier et al., 2012; Loughnan & Gilbert, 2017).

more individuals occupying a greater number of habitat types. In this

In either case, such functionally distinct species are expected to

case, any relationship between niche breadth, niche position, abun‐

have broader niche breadths and live in the most common envi‐

dance and occupancy could be attributed to a statistical artefact.

ronmental conditions found across habitats (i.e., have a central

Nevertheless, attempts to disentangle such artefacts from biologi‐

niche position; Figure 1, P1a). According to the niche breadth and

cal effects when explaining abundance and occupancy patterns are

niche position hypotheses, this would lead to high abundances and

rare (e.g., Rocha et al., 2018; Siqueira, Bini, Cianciaruso, Roque, &

frequent occurrences of such species (Figure 1, bottom panel, P2).

Trivinho‐Strixino, 2009), leaving the results from many studies dif‐

Alternatively, it may be that very distinct trait combinations con‐

ficult to interpret.

strain the range of environmental conditions of a species and rep‐

Here, we use the aquatic invertebrate communities found

resent an ecological strategy suited to a habitat specialist; as such,

within tank bromeliads to understand how species traits and

functionally distinct species would have narrow niche breadths and

their niche properties contribute to their patterns of abundance

could occupy either central or marginal habitats (Figure 1, P1b).

and occupancy. Tank bromeliads are plants within the fam‐

Through the niche breadth hypothesis, such habitat specialization

ily Bromeliaceae capable of accumulating rainwater and detri‐

is expected to lead to low local abundance and infrequent occur‐

tus in their leaf axils, forming a habitat for several invertebrate

rence (Figure 1, bottom panel, P2 and P3). Finally, given the spe‐

species; most notably, the immature stages of insects and other

cies–environment relationships reported for aquatic invertebrates

small invertebrates (Srivastava et al., 2004). Previous studies on

from tank bromeliads in previous studies, we predict that relation‐

this aquatic microecosystem suggest that these invertebrates are

ships between niche breadth, niche position, abundance and oc‐

unlikely to be dispersal limited and that community composition

cupancy are unlikely to be explained solely by statistical artefacts.

4
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F I G U R E 1 Hypothesized relationships between trait distinctiveness, niche breadth, niche position, mean local abundance and occupancy.
The top panel represents the distribution of individuals of a given species (grey circles) along an environmental gradient and how such
information can be used to estimate the two niche properties of the species : niche breadth and position. Here, its niche breadth is defined
as the variance in environmental conditions where a species is found. In contrast, its niche position is estimated as the absolute deviation
between the average environmental conditions where this species is found and the average environmental conditions found across available
habitats; species with a small deviation (i.e., closer to the green line) have a central niche position, whereas species with larger deviations
(i.e., closer to the edges of the environmental gradient) have a marginal niche position. The middle panels represent two alternative
hypotheses, through which differences in species traits may be related to those niche properties. In these panels, many species are spread
across an environmental gradient, with each species represented by a different colour, and species sharing similar traits represented
by the same shape. Following this definition, the species depicted by the yellow triangles is functionally distinct from the others in a
metacommunity. We predict that (P1a) if this distinct combination of traits allows such species to explore a broad range of environmental
conditions, then we expect it to have broader niche breadth and to have a central niche position (i.e., a positive relationship between trait
distinctiveness and niche breadth and a negative relationship between the former and niche position). Alternatively (P1b), if this very distinct
trait combination represents an ecological strategy that is suited only to a habitat specialist, we expect such species to have narrow niche
breadths and to occupy either central or marginal habitats (i.e., a negative relationship between trait distinctiveness and niche breadth, and
no clear relationship between the former and niche position). These two alternative hypotheses are also depicted in the bottom panel, which
represents the hypothesized relationships between trait distinctiveness, niche properties and abundance and occupancy patterns tested
in the present study. In this path diagram, we also predict that (P2) species with broader niches and (P3) those with a central niche position
should be locally abundant and widespread. Blue and red paths depict hypothesized positive and negative relationships, respectively

|
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2 | M E TH O DS

units across all tank bromeliads sampled : all individuals were

2.1 | Study sites and sampling methods

(42%), while a few were identified only to order (9%). This mor‐

We recorded the taxonomic composition and abundance for aquatic
and semi‐aquatic invertebrates from 1,234 tank bromeliads, and the
associated environmental conditions, at 16 geographical sites over
the Neotropics, from 18.43° N (Kohunlich, Mexico) to 29.43° S (Las
Gamas, Argentina) (Figure 2). These data were collected on several
occasions from 1993 to 2014, with multiple sampling occasions in
different years for some sites (Table 1).
We used similar sampling methods across sites and over time.
For each bromeliad, we measured plant diameter as the average of
the largest distance between the tips of two leaves on opposite sides
of rosettes and counted the number of green leaves forming wells.
Next, we removed and measured all water trapped in these wells by
syphoning and/or by removing the plant from the substrate and col‐
lected its contents in large buckets; these measurements represent
the water volume held by the bromeliad. Altogether, these three
environmental variables (plant diameter, leaf number and water vol‐
ume) are key drivers of aquatic invertebrate communities in brome‐
liads and were used in the calculation of their niche properties (see
Section 2.3). These environmental variables do not vary appreciably
within the life span of most bromeliad invertebrates (Dézerald et al.,
2017).
The invertebrates were sampled directly by dismantling each
plant, leaf by leaf, and/or from the water extracted from each
bromeliad and were identified using regional taxonomic keys
and our reference collections. We found 489 distinct taxonomic

identified to morphospecies belonging to a genus (42%) or family
phospecies approach was a valid method here, because our level
of analysis requires only within‐site consistency in species iden‐
tification, given that we focused on abundance and occupancy
data collected on each sampling occasion in each site. For simplic‐
ity, we will refer to each invertebrate morphospecies as species
hereafter.

2.2 | Trait distinctiveness
We used data from Céréghino et al. (2018) to extract information
on 12 functional traits that represent key life‐history, habitat, anti‐
predator defense and trophic aspects of aquatic invertebrates from
bromeliads. These traits were : maximal body size, aquatic develop‐
mental stage, reproduction mode, dispersal mode, resistance forms,
respiration mode, locomotion mode, food, feeding group, cohort
production interval (the time from hatching to emergence), mor‐
phological defence and body form. Each trait contained a number
of states, which were fuzzy coded on a nominal scale (states cannot
be ordered, e.g., feeding group; see Céréghino et al., 2018: Table 1),
according to the affinity of each taxon to that state. Scores ranged
from zero (no affinity for a given state) to three (high affinity). This
technique has been widely used to document the functional traits of
the freshwater invertebrates of Europe (Poff et al., 2006; Usseglio‐
Polatera, Bournaud, Richoux, & Tachet, 2000) and South America
(Tomanova & Usseglio‐Polatera, 2007). Scores were based on our
own observations of live and preserved specimens and on a survey
of the literature on bromeliad invertebrates and freshwater inver‐
tebrate families/genera in general (e.g., feeding groups were based
on the classification of invertebrates into functional feeding groups
by Merritt and Cummins (1996). Trait information was coded most
often at the genus or family level, as in other studies (Pilière et al.,
2016), which is a resolution that is sufficient to capture functional
trait diversity of aquatic invertebrates (Poff et al., 2006; Usseglio‐
Polatera et al., 2000). After removal of species with missing trait in‐
formation, we extracted trait data for 457 invertebrate species from
the 16 sites (c. 93% of taxa). Given our extensive sampling effort
over space and time, we are confident that we obtained a reliable
sample of the species pool of invertebrates found within tank bro‐
meliads in each site.
We used species trait data to calculate the functional trait dissim‐
ilarity between each pair of species within each site. Functional trait
dissimilarity was quantified using Gower's distance. We then calcu‐
lated the average functional distance of each species to the other
species recorded at that site (i.e., functional distinctiveness sensu
Grenié, Denelle, Tucker, Munoz, & Violle, 2017), using the function

F I G U R E 2 Geographical distribution of the 16 sites included in
our study, with sites studied by the same research group sharing
the same colours. Sinnamary, Kaw, Petit Saut and Nouragues are all
in French Guiana, whereas Ilha do Cardoso, Ilhabela, Maricá, Arraial
do Cabo and Macaé are in Brazil

distinctiveness from the ‘funrar’ package (Grenié et al., 2017) avail‐
able in R v.3.5.1 (R Development Core Team, 2018). This measure
describes the degree to which species diverge from the ‘average’
trait combination found in the species pool; values closer to one
represent species that are functionally dissimilar from all other taxa.

4.77

4.51

Puerto Rico

The
Netherlands
Antilles

Dominica

Costa Rica

French Guiana

French Guiana

Colombia

El Verde

Saba

Dominica

Pitilla

Sinnamary

Petit Saut

Guasca

−22.21

−22.95

Brazil

Macaé

−23.74

−25.1

Brazil

Brazil

Argentina

Ilha Bella

Cardoso

Las Gamas

−60.47

−47.96

−45.29

−42.04

−42.89

−41.48

−52.68

−52.07

−74.17

−52.07

−52.95

−85.43

−61.34

−63.23

−65.82

−88.8

Longitude
Dissection 1

Dissection 3

Dissection 4

Dissection 14

Aechmea distichantha

Quesnelia arvensis

Neoregelia sp.

Neoregelia sp.

Neoregelia sp.

Aechmea lingulata, Aechmea nudi‐
caulis, Neoregelia cruenta, Vriesea
neoglutinosa

1

Dissection 6

Dissection 3

Dissection 1

Pipette

Dissection 1

Dissection 1

1
3

Pipette

Aechmea mertensii

4

1

Dissection 1

Pipette

Pipette

Pipette
Aechmea aquilega, Aechmea melinonii,
Guzmania lingulata, Mezobromelia plei‐
osticha, Lutheria splendens.

Tillandsia complanata, Tillandsia turneri

Aechmea mertensii, Lutheria splendens.

Aechmea aquilega

Guzmania desautelsii, Guzmania sp.,
Dissection 6
Vriesea gladioliflora, Vriesea kuppe‐
riana, Vriesea sanguinolenta, Vriesea sp.

Guzmania megastachya, Guzmania
plumieri

Guzmania plumieri, Tillandsia utriculata,
Vriesea antillana, Vriesea ringens

Guzmania berteroniana, Guzmania sp.,
Werauhia [Vriesea] sintenisii

Aechmea bracteata

Bromeliad species

Number
of
sampling
visits

130

64

10

10

10

63

171

47

36

199

39

115

30

40

220

40

34

93

24

15

24

44

57

20

18

52

23

60

27

29

62

19

23

16

11

12

14

31

13

11

12

29

20

19

15

17

31

12

270.76 ± 25.3

798.22 ± 158.12

655.9 ± 133.9

662.1 ± 132.86

499.4 ± 80.44

315.02 ± 29.86

858.06 ± 99.35

89.01 ± 11.57

123.64 ± 24.87

78.28 ± 7.39

638.1 ± 70.06

82.13 ± 24.56

239.83 ± 31.98

189.15 ± 24.2

136 ± 7.74

217.17 ± 59.31

Number
Bromeliads Species of species Water volume
sampled
pool
analysed (mL)

Number of
leaves

39.5 ± 2.22

21 ± 0.56

13.72 ± 0.47

30.3 ± 1.78

29.4 ± 1.78

29.3 ± 1.86

67.23 ± 2.63 28.73 ± 0.62

39.5 ± 3.25 55.56 ± 5.09

57.5 ± 5.37

37.75 ± 2.39

52.15 ± 6.35

41.82 ± 2.78 35.67 ± 2.61

57.32 ± 4.78 15.42 ± 0.75

43.17 ± 2.6

52.27 ± 1.25 52.08 ± 2.2

48.64 ± 2.42 12.61 ± 0.26

125.79 ± 5.69

55.08 ± 5.86 28.73 ± 2.87

78.3 ± 4.9

80.29 ± 4.94 54.27 ± 3.46

63.95 ± 1.91 39.95 ± 1.02

86.11 ± 5.94 10.07 ± 0.4

Plant diam‐
eter (cm)

|

Note: Some sites were sampled in the same country and/or on several occasions. We also present information on the number of tank bromeliads analysed in each site, and estimates of the size of the
species pool and the number of species for which we were able to quantify the niche properties (for further details, see Methods section), and the average environmental characteristics observed across
sampled bromeliads (SE in brackets).
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2.3 | Niche properties
We measured the niche properties for each species using the out‐
lying mean index (OMI; Dolédec, Chessel, & Gimaret‐Carpentier,
2000). The OMI method measures niche position along the domi‐

7

2.5 | Data analysis
2.5.1 | Can trait distinctiveness and niche properties
explain abundance and occupancy?

nant environmental gradient represented by the sites. Specifically,

Our main hypothesis posits direct and indirect effects of trait dis‐

the niche position of a species compares the mean environment

tinctiveness and niche properties on the abundance and occupancy

experienced by an individual of that species (i.e., the abundance‐

patterns of aquatic invertebrates (Figure 1). Given these hypoth‐

weighted mean of all sites occupied by that species) with the mean

esized relationships among variables, where variables can be both

environment that would be experienced by a hypothetical species

predictors and responses, a piecewise structural equation model

that occurs in equal abundance at all sites. The OMI method gives a

(pSEM; Lefcheck, 2016; Shipley, 2000) would be a useful statisti‐

high value when most individuals occur towards one end of the en‐

cal approach to test our predictions. However, we also aimed to

vironmental gradient; therefore, a high OMI value is interpreted as

quantify both the overall magnitude and heterogeneity in these re‐

a “marginal” niche position. The OMI method also estimates niche

lationships within and across sites. A pSEM applied to all data would

breadth as the variance in environmental conditions experienced

allow us to quantify the former, but we would be unable to do so for

by different individuals of a species (i.e., the abundance‐weighted

the latter. As such, we applied the pSEM individually to data from

dispersion in environmental conditions of occupied sites); species

each study site and coupled it with a meta‐analysis of the results

with larger values have broader niches. Together, these two meas‐

(Gurevitch, 2013).

ures define the realized environmental niche of each species at
each site.

For the within‐site analysis, we used three models to describe
the hypothesized paths in pSEM. The first model used the trait

We calculated the niche position and breadth of each species at

distinctiveness of each species as a fixed predictor of their niche

each site using environmental data on bromeliad water volume at

breadth (Figure 1, bottom panel, path from trait distinctiveness to

the time of sampling, plant diameter and the number of leaves. We

niche breadth). The second model used the trait distinctiveness of

had complete environmental data for 821 plants. Before calculating

each species as a fixed predictor of their niche position (Figure 1,

these niche properties, we standardized all environmental variables

bottom panel, path from trait distinctiveness to niche position). The

and Hellinger‐transformed invertebrate abundance data, to down‐

third model used niche breadth and position as predictors of either

weight the undue influence of rare species in ordinations such as

their mean local abundance or occupancy (i.e., one model fitted to

canonical analysis, which is at the core of the OMI analysis (Legendre

each of these response variables; Figure 1, bottom panel, path from

& Gallagher, 2001). We also removed invertebrate species that oc‐

niche properties to abundance or occupancy). We used general lin‐

curred in only one or two bromeliads at each site, following previ‐

ear models (GLMs) to fit the models when sampling was conducted

ous studies (e.g., Heino & Grönroos, 2014). Given this constraint on

only once at a given site and linear mixed effects model when data

the minimal number of records per species and the number of bro‐

on more than one sampling were available (in which case, we added

meliads available, we were able to determine the niche properties

a random intercept term for the sampling occasion). We applied a

for 226 distinct bromeliad invertebrate species across all 16 sites,

ln‐transformation to mean local abundance, niche position and niche

some of which appeared in more than one site (e.g., the damselfly

breadth data to improve model fit to the data and verified paramet‐

Leptagrion andromache in Macae and Ilha do Cardoso; Table 1). We

ric assumptions by visual inspection of data and model residuals. We

used the functions niche and niche.param from the ‘ade4’ package

decided not to logit‐transform occupancy data, as in some previous

(Dray & Dufour, 2007) in R to run the OMI analysis.

studies, given that applying such a transformation provided a worst
fit of the models to the data [untransformed occupancy : Akaike

2.4 | Data set compilation

information criterion (AIC) = 86.25, deviance = 78.25; logit‐trans‐
formed occupancy : AIC = 2,632.62, deviance = 2,624.62] and a

We assembled the final data set used for statistical analyses by col‐

previous meta‐analysis suggested that the way in which occupancy

lating, for each species, the site‐specific trait distinctiveness with

is transformed is unlikely to affect the patterns we are studying

the niche position and breadth measures. Although data on trait

(Blackburn, Cassey, & Gaston, 2006). Likewise, we chose not to use a

distinctiveness were available for all invertebrate species initially re‐

binomial distribution to model occupancy data given that it provided

corded in each site, this was not the case for their niche properties.

a worst fit to the data than a model using a normal distribution (GLM

Therefore, all analyses were constrained to a set of 712 observa‐

with normal distribution : AIC = 337.14; GLM with a binomial distri‐

tions from the 226 species for which we were able to extract in‐

bution : AIC = 400.32). We evaluated pSEM model fits using Shipley's

formation on both measures (Table 1). Following previous studies,

test of d‐separation through Fisher's C statistic (Shipley, 2000). We

for each species recorded on a given sampling occasion in each site,

used the ‘piecewiseSEM’ package to run the pSEM (Lefcheck, 2016).

we calculated the mean local abundance across occupied bromeliads

After fitting the site‐specific pSEMs, we extracted the standard‐

and the proportion of bromeliads occupied, as a measure of regional

ized path coefficients and associated standard errors for each of the

occupancy (Heino & Tolonen, 2018).

six hypothesized relationships (trait distinctiveness → niche breadth;
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trait distinctiveness → niche position; niche breadth → mean local

and position as predictors, but using either the species mean local

abundance; niche position → mean local abundance; niche breadth

abundance or the relative occupancy as response variables. We

→ occupancy; and niche position → occupancy). Then, we used a

repeated this procedure 1,000 times for each site and calculated

weighted random‐effects meta‐analysis model to quantify the over‐

the average and the SD for those expected slopes across all runs.

all magnitude of these relationships across sites and the amount of

Using the observed abundance and occupancy data, we fitted

heterogeneity between sites. We fitted a single model to each path,

similar GLMs for each of these two response variables and deter‐

in which we used the standardized path coefficient of each site as

mined whether the observed slopes differed from those expected

the common effect size measure, weighted each observation by the

by chance by calculating a standardized difference between them

inverse of its sampling variance (SE2 of the standardized path co‐

(zslope):

efficient; Rosenberg, Rothstein, & Gurevitch, 2013), and quantified
two measures of heterogeneity in the estimated overall effect sizes

zslope =

2

for each path (Higgins & Thompson, 2002): Q T and I . The former
represents the total heterogeneity in effect sizes across sites and is
used to test the null hypothesis of homogeneity in effect sizes for
the analysed path across sites. The latter quantifies the percentage
of the total variation in the overall effect size attributed to differ‐
ences between sites (i.e., between‐site heterogeneity : total het‐
erogeneity ratio). We verified the parametric assumptions of each
model by visually inspecting the data and residual plots. We used
the rma function available in the ‘metafor’ package (Viechtbauer,
2010) in R to fit the weighted random‐effects meta‐analysis model,
estimate overall effect sizes and 95% confidence intervals (CIs), and
2

calculate Q T and I .

2.5.2 | Do statistical artefacts
explain the relationships between niche properties,
abundance and occupancy patterns?
One way to examine whether statistical artefacts account for the
relationship between niche properties and abundance (or occu‐
pancy) is to test whether the slope of the relationship between
them differs from that expected under a null model where individ‐

βobs − βexp
σexp

where βobs slope represents the observed slope of the relationship
between a species’ mean local abundance or occupancy and niche
properties (i.e., niche position → mean local abundance, niche
breadth → mean local abundance, niche position → occupancy,
niche breadth → occupancy), βexp is the average expected slope for
such relationship according to the null model, and σexp is its SD. As
such, we obtained four estimates for each of the 16 sites we studied,
and we considered that the relationships between each predictor
and response variable were unlikely to be explained by statistical ar‐
tefacts when |zslope| ≥ 1.96 (α = 0.05). The R script used to implement
the randomization procedure outlined above is available at https://
github.com/nacmarino/Script s/blob/master/randomize.community.
abundance.R

3 | R E S U LT S
3.1 | Trait distinctiveness, niche properties and
abundance–occupancy patterns

uals of each species are randomly distributed across the environ‐

We found weak support for any relationship between trait dis‐

mental gradient. By performing such null model analyses for each

tinctiveness and niche position (overall β trait

of the sites we studied, we could determine whether observed

tion

patterns are more likely to be attributed to statistical artefacts

S1.1) and with niche breadth across sites (overall β trait distinctiveness

or biological effects. To this end, we used the IT null model from

→ breadth = −0.05, 95% CI = −0.15 to 0.06; Figure 3d; Appendix S1,

distinctiveness

→

posi‐

= −0.05, 95% CI = −0.20 to 0.10; Figure 3a; Appendix S1, Figure

Ulrich and Gotelli (2010), which assigns individuals randomly to

Figure S1.2). This non‐significant result held even when we used

habitat patches with probabilities proportional to their relative

the original trait axes from Céréghino et al. (2018), rather than trait

abundance in the data set. Benchmark tests show that this null

distinctiveness, as predictors (Appendix S1, Figure S1.3). In con‐

model has fairly low type I error rates and good statistical power

trast, there was a stronger overall negative effect of niche position

to test the null no species × environment associations (Ulrich &

on occupancy (overall β position → occupancy = −0.25, 95% CI = −0.35

Gotelli, 2010).

to −0.14; Figure 3c; Appendix S1, Figure S1.4) and on mean local

To implement this null model, we first calculated the total num‐

abundance (overall β position → abundance = −0.29, 95% CI = −0.44 to

ber of individuals of all species found in each bromeliad in each

−0.15; Figure 3b; Appendix S1, Figure S1.5), suggesting that the

site and used this number as an estimate of the carrying capacity

least abundant and least frequent species were those using mar‐

of that particular bromeliad. Then, we randomly redistributed in‐

ginal environmental conditions. In addition, we found an over‐

dividuals from each invertebrate species across these bromeliads

all positive relationship between niche breadth and occupancy

in proportion to their abundance in the site's species pool and es‐

(overall β breadth → occupancy = 0.11, 95% CI = 0.05 to 0.16; Figure 3f;

timated their niche position and breadth under this null expec‐

Appendix S1, Figure S1.6), but no clear relationship was evident

tation, in addition to their expected mean local abundance and

with mean local abundance (overall β breadth → abundance = 0.07, 95%

occupancy. We then fitted two GLMs using species niche breadth

CI = −0.04 to 0.19; Figure 3e; Appendix S1, Figure S1.7); that is,

|
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F I G U R E 3 Forest plots showing the variation in the standardized path coefficients (a) from trait distinctiveness (TD) to niche position
(NP), (b) from niche position to mean local abundance and (c) occupancy, (d) from trait distinctiveness to niche breadth (NB), and (e) from
niche breadth to mean local abundance and (f) occupancy. Each circle represents the standardized path coefficient estimated according
to the site‐specific piecewise structural equation model, with error bars representing the 95% confidence interval for that estimate (for
the exact values, see Appendix S3). The size of each circle is directly related to the inverse of its sampling variance, with larger circles
representing more precise estimates. Open circles represent standardized path coefficients whose confidence intervals contain zero,
whereas red and blue circles represent standardized path coefficients that are statistically smaller and greater than zero, respectively.
The inset table presents the overall standardized path coefficient across sites for each panel, estimated according to a random‐effects
meta‐analysis model; values in square brackets are their 95% confidence intervals (CIs). Observations in each panel are ordered from the
northernmost (Kohunlich, Mexico) to the southernmost site (Las Gamas, Argentina)
species with broader niches were widespread within sites but

distinctiveness to occupancy only in Saba; see Appendix S2) and is

were not necessarily locally abundant.

not discussed further.

Differences between sites contributed to some heterogene‐
ity in the overall effect sizes found for each path, as suggested
by the Q T and I 2 metrics (Table 2; see Appendix S2). In general,
the relationship between niche properties, abundance and occu‐

3.2 | Disentangling statistical artefacts from
biological effects

pancy differed mostly in magnitude, but not in direction, across

We found that the slope of the relationship between niche position

sites, whereas the relationship between trait distinctiveness

and mean local abundance deviated from that expected with the null

and niche properties differed in both direction and magnitude

model for 14 of the 16 sites, and that with occupancy deviated for

(Figure 3). For example, trait distinctiveness and niche position

eight sites (Table 3). In contrast, most of the observed relationships

were positively related in the El Verde site, negatively related in

between niche breadth, mean local abundance and occupancy did not

the Pitilla and Ilha do Cardoso sites, but unrelated in most other

deviate from the null model (number of sites that deviated from the

sites (Figure 3a).

null model : mean local abundance = 3; occupancy = 2; Table 3). These

Site‐specific pSEMs presented a good fit to the data, espe‐

results indicate that most of the niche position effects we found

cially after the addition of a few missing paths in some models

could be attributed to biological mechanisms, whereas those of niche

(Appendices S2 and S3). However, the addition of these and other

breadth could be attributed to statistical artefacts. In other words,

paths was rare across the pSEMs (i.e., a direct path from trait

statistical artefacts alone cannot explain all the patterns we found.
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TA B L E 2 Heterogeneity measures from the random‐effects
meta‐analysis models on each path
Path analysed

QT

p

I2 (%)

Trait distinctiveness →
niche position

50.66

<.001

63.83

Niche position → mean
local abundance

68.51

<.001

74.43

143.17

<.001

94.76

Trait distinctiveness →
niche breadth

34.95

.002

55.20

Niche breadth → mean
local abundance

28.07

.021

46.48

Niche breadth →
occupancy

32.3

Niche position →
occupancy

TA B L E 3 Results of the null model approach comparing the
observed and expected slopes for the relationship between species’
mean local abundance (or occupancy), niche position and breadth
Location

55.69

Note: The Q T value is the statistic calculated to test the null hypoth‐
esis of homogeneity in estimated slopes across sites, and follows a χ2
distribution with d.f. = k − 1 (where k is the number of sites, n = 16); a
rejection of the null hypothesis (p ≤ .05) suggests that there is variation
in the overall effect size for the path analysed between sites. The I2
value is an additional measure of heterogeneity, interpreted as the per‐
centage of the total heterogeneity in the overall effect size attributed to
differences between sites.

4 | D I S CU S S I O N
Understanding whether and how species traits and their niche
properties are related to species abundance and occupancy pat‐
terns has been a central focus of several studies over the past dec‐
ade (reviewed by Heino & Tolonen, 2018). However, a broad‐scale

zNB → Abund

zNP → Occup

zNB → Occup

2.49

−0.67

−0.23

−0.45

El Verde

15.43

0.03

1.51

0.01

Saba

Kohunlich

.006

zNP → Abund

23.09

−3.24

7.16

−0.42

Dominica

4.04

−0.67

2.44

1.03

Pitilla

2.48

0.7

−0.87

0.78

Sinnamary

8.68

−0.83

0.28

0.61

Petit Saut

8.68

−0.68

4.98

−0.42

Guasca

4.62

−3.4

0.39

0.56

1.97

0.83

Kaw

5.15

0.13

Nouragues

0.42

2.06

Macaé

12.99

−0.72

5.36

1.8

Maricá

5.1

0.79

2.74

1.01

Arraial do
Cabo

1.87

1.86

1.28

2.07

Ilhabela

2.35

0.64

2.81

0.37

Ilha do
Cardoso

5.47

0.71

1.81

0.99

Las Gamas

1.97

−1.08

1.63

−0.69

−5.4

5.49

Note: We determined whether the observed slopes differed from those
expected by chance by calculating a standardized difference between
them (zslope), with a value of |zslope| ≥ 1.96 indicative of such differences.
Significant differences in zslope are highlighted in bold.
Abbreviations: Abund = mean local abundance; NB = niche breadth;
NP = niche position; Occup = occupancy.

analysis of the drivers of such patterns and relationships has been
lacking (Borregaard & Rahbek, 2010). Our results fill this gap across

al., 2015; Richardson, 1999). A new finding, however, is that statisti‐

metacommunities composed of species inhabiting the same type of

cal artefacts can have a large influence on the relative contribution

habitat over a large geographical area. We found that trait distinc‐

of niche position and breadth to abundance and occupancy patterns.

tiveness among species was unrelated to abundance and occupancy

This suggests that previous studies that overlooked such artefacts

patterns, but that both niche properties (i.e., niche position and

are likely to have underestimated the importance of niche position

breadth) explained the variation in local abundance and regional oc‐

and overestimated that of niche breadth in explaining abundance and

cupancy across species. Before we corrected for statistical artefacts,

occupancy patterns across species. To a similar end, a few previous

this appeared to be driven by species that occupy central niches and,

studies used a resampling technique and partitioned the data into

to a lesser extent, by species possessing wider niche breadths being

independent subsets to calculate the niche properties and the abun‐

more abundant. However, after accounting for statistical artefacts,

dance and occupancy of each species (Rocha et al., 2018; Siqueira

the niche breadth effects were mostly attributed to sampling arte‐

et al., 2009). Although this method avoids the use of the same data

facts, but those of niche position were not. This suggests that the

to estimate a species’ niche properties, abundance and occupancy,

ability of species to exploit the most available habitats is the key

it still does not directly address statistical artefacts attributable to

driver of their abundance and occupancy patterns in our study sys‐

numerical effects (i.e., species with more individuals occupying a

tem. Nevertheless, several questions remain and could be tackled in

greater number of habitat types simply as a result of random place‐

future studies, such as what contributes to the between‐site varia‐

ment). Given the potential for statistical artefacts to account for

tion in the magnitude of the relationships we examined, and why trait

some of the observed relationships between abundance, occupancy

distinctiveness was related to niche properties in only a few sites.

and niche properties (in particular, niche breadth), we recommend

In our study, we found that niche position (i.e., ability to exploit
the most available habitat) was the key driver of abundance and oc‐

that appropriate null models be selected in future studies.
Species traits are expected to be related to the environmental

cupancy patterns, which we expected based on the species–environ‐

conditions where species are found and also to determine how abun‐

ment association often reported for aquatic invertebrates from tank

dant they can be in those conditions (Lavorel & Garnier, 2002; McGill

bromeliads (Dézerald et al., 2013; Marino et al., 2013; Petermann et

et al., 2006). Nonetheless, we found little evidence that species
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traits were related to niche properties and explained abundance and

11

the survivorship and abundance of aquatic invertebrates (Hammill,

occupancy patterns across all sites. This result was consistent even

Atwood, Corvalan, & Srivastava, 2015; Marino, Srivastava, &

after we used the trait axes from Céréghino et al. (2018) instead of

Farjalla, 2016; Starzomski, Suen, & Srivastava, 2010) and that

average trait distinctiveness, indicating that this was not caused by

top‐down effects are dependent on habitat size (Petermann et al.,

the method we chose to represent species traits. Previous studies

2015). Nevertheless, it is hard to include species interactions ex‐

have also reported that species traits either fail or are weakly re‐

plicitly when measuring niche properties, owing to the difficulty

lated to abundance and occupancy (Heino & Grönroos, 2014; Heino

in characterizing species interaction networks and whether these

& Tolonen, 2018; Rocha et al., 2018; Tales et al., 2004). These studies

networks are sensitive to species abundances or other environ‐

often attribute this lack of predictive capacity to a poor choice of

mental contexts (Poisot, Stouffer, & Gravel, 2015). In addition,

the traits used in analyses, in addition to their inadequate coding and

we do not expect spatial effects within sites to contribute to the

the selection of the wrong environmental gradients. However, we

patterns we found, given that previous studies suggest that these

chose traits that are strongly correlated with aquatic invertebrate

invertebrates are not dispersal limited, and bromeliads grow‐

distributions (Poff et al., 2006) and that describe the main ecological

ing close together may show a large difference in environmental

strategies predicted by the life‐history and habitat template theo‐

conditions (Farjalla et al., 2012; Marino et al., 2013, 2016, 2017).

ries (Céréghino et al., 2018; Winemiller et al., 2015). Likewise, we

Despite these concerns, we still expect realized niche properties

measured the niche properties of each species based on the main

to be related to abundance and occupancy, given that both are the

environmental gradients known to structure ecological communities

end products of species interactions and other processes acting

and food webs in our study system. Therefore, we are confident that

on ecological communities. Fourth, we did not consider the role

methodological limitations cannot explain why species traits were

of phylogenetic non‐independence in driving associations among

unrelated to niche properties and abundance–occupancy patterns

traits, abundances and occupancy (Borregaard & Rahbek, 2010),

across all sites.

given that a phylogeny of bromeliad invertebrates is still lacking.

Although the meta‐analyses provided weak support for traits to

Future work on trait–environment relationships could examine

be related to niche properties in general, they did not indicate that

how species traits change along environmental gradients within

traits are irrelevant in structuring biological diversity in our study

and across sites, what determines the biogeographical distribution

system, but rather that their relevance might differ between meta‐

of these traits, whether trait matching between predators and

communities. Indeed, our results indicated that species traits might

prey predicts their occupancy patterns, and the role of phylog‐

be related to their niche properties in some sites, but the significance

eny in such associations. Furthermore, we analysed species abun‐

and even direction of this relationship varied among sites (Figure 3).

dance and occupancy separately, as in previous studies (reviewed

This suggests that there may be considerable variation in the con‐

by Heino & Tolonen, 2018). However, it would be interesting to

tribution of the hypothesized drivers to observed abundance–oc‐

determine in future studies how species niches and traits influ‐

cupancy patterns, even when the same broad taxonomic group is

ence the abundance–occupancy relationship per se, because any

considered in a similar type of habitat. The reasons for this large

factor that influences both abundance and occupancy might not

heterogeneity among the sites we examined are still unclear, and

influence the relationship between them. This could be done, for

exploring them is beyond the scope of this manuscript. However,

example, by building null models for the slopes to test how the

we offer a few insights that might be addressed by future studies,

addition of different mechanisms changes the relationship.

as follows.

In summary, the ability of species to exploit common habitats

First, the niche properties of each species were measured

is the main driver of species abundance and occupancy patterns in

in multivariate space; each of the three bromeliad size variables

aquatic invertebrates of tank bromeliads. The consistency of this

(i.e., plant diameter, water volume and number of leaves) may be

result across sites suggests that this pattern is robust despite dif‐

related to species traits in different ways, resulting in no net re‐

ferences in evolutionary, climatic and other structuring forces act‐

lationship between the traits and the combined environmental

ing on these communities over the broad geographical gradient

gradient. This has been shown in plant species, where some traits

that we examined. Our study also found a limited ability of species

may converge along an abiotic or biotic gradient but diverge along

traits to explain such patterns directly or indirectly and a relatively

other gradients (Loughnan & Gilbert, 2017). Second, it has been

large role of statistical artefacts in accounting for the effects of

hypothesized that there may be many multivariate trait optima for

niche breadth on the patterns we examined. Given the interest in

a given environment, and standard statistical approaches may be

understanding the contribution of different drivers to abundance

unable to distinguish multiple optima from statistical noise (Marks

and occupancy patterns, these results highlight the need for future

& Lechowicz, 2006). Third, the OMI method measures the real‐

studies to address statistical artefacts and, more importantly, to

ized niche of each species, not the fundamental niche. As such, it

examine whether the contribution of different drivers is consistent

might also be that other unmeasured factors related to bromeliad

over broad geographical scales for species inhabiting similar types

size could have changed how species traits are expressed along

of habitats (e.g., stream invertebrates). Such information would be

this gradient. For example, previous studies of bromeliad aquatic

essential to our understanding of the causes of commonness across

invertebrates show that both predation and facilitation can alter

the tree of life.
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B I O S K E TC H
The Bromeliad Working Group is an international network
of researchers studying the faunal food web inhabiting
water‐filled bromeliads. Our objective is to use this system,
naturally replicated from Florida to Argentina, to develop a
synthesis of community ecology, biogeography and phylog‐
eny. To realize this aim, we have developed a large database
of survey data and have conducted replicated experiments
over both hemispheres.
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Additional supporting information may be found online in the
Supporting Information section.   
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