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ABSTRACT

Aim Ecological maps are increasingly used to support marine management and
conservation. However, the biological datasets used to produce these maps are
typically limited to taxonomic groups identified to the specific taxonomic levels
available. Ecological units should, however, reflect the broader marine ecosys-
tem, independent of the datasets used. This study assessed the influence of tax-
onomic groups and taxonomic resolution on the process of ecological

mapping.
Location Estuary and Gulf of St Lawrence (EGSL), Canada.

Methods A dataset of more than 200 taxa of benthic macrofauna was used to
create a set of biological matrices corresponding to different taxonomic groups
(i.e. vertebrates, invertebrates, arthropods, echinoderms, molluscs, all taxa) and
different taxonomic levels from species to class. Multivariate regression trees
(MRTs) were used to identify environmental drivers of taxa distribution and to
create ecological maps. Similarity between maps was assessed using pairwise
comparisons. First, the relationships between the two classification legends were
assessed using association plots on the partitions in the corresponding trees.
Then, the spatial agreement of ecological units believed to represent the same
habitat types was quantified and mapped.

Results The comparison across different taxonomic groups showed a substan-
tial level of similarity between ecological maps, indicating that ecological units
defined for a specific taxonomic group can be considered to some extent as
representative of the entire benthic macrofauna. Moreover, little information
was lost when working at the family rather than species level, and common
patterns of community distribution could still be distinguished at the class
level.

Main conclusions Using a novel spatially explicit approach for comparing eco-
logical maps, this study demonstrates that datasets limited by taxonomic
breadth or resolution can perform nearly as well as more extensive datasets.
These simplifications should improve our ability to manage marine ecosystems.

Keywords
benthic communities, distribution patterns, ecological mapping, Gulf of St.
Lawrence, map comparison, surrogacy methods.
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INTRODUCTION

Ecological mapping has generated much interest in support-
ing an ecosystem-based approach in managing marine envi-
ronments (Cogan et al., 2009). Ecological mapping aims to
spatially delineate ecologically meaningful units, often
referred to as ecological units or ecoregions, that can be used
to summarize broad habitat distributions and their associated
biodiversity at various spatial scales. Such units are used in
different contexts, including to support the design of repre-
sentative marine protected areas networks, the design of
sampling strategies to monitor ecological features, and the
management of marine activities in an ecosystem perspective
(Day & Roff, 2000; Snelder et al, 2005; Costello, 2009;
McBreen et al., 2011). Such ecological mapping (also referred
to as ecoregionalization, bioregionalization or biogeographic
classification) can be defined as ‘a classification process that
aims to partition a large area into distinct (geographical)
regions that contain groups of plants and animals and physi-
cal features that are sufficiently distinct or unique from their
surroundings at the chosen scale’ (UNESCO, 2009; p. 8). In
practice, ecological units are identified using a great variety
of approaches that differ methodologically and by the type of
data used (biological and/or environmental) (Snelder et al.,
2007; Mackey et al., 2008). Whatever approach is followed,
ecological units will reflect the choice of taxa (e.g. fish) and/
or taxonomic accuracy (e.g. genus).

The use of a specific taxon or a limited group of taxa as a
surrogate for total biodiversity has already been successfully
applied to detect pollution-induced changes (Gray et al,
1988; Clarke & Warwick, 1998) and estimate total species
richness (Olsgard et al., 2003; Labrune et al., 2008) in ben-
thic communities. In ecological mapping studies, the selec-
tion of taxa is often limited by the availability of datasets or
based on authors’ preference or expertise in a particular tax-
onomic group. For instance, demersal fishes were used to
produce a map of the Australian marine benthic bioregions
(Commonwealth of Australia, 2005) whereas the national

habitat classification for Britain and Ireland was based on
benthic communities of invertebrates and seaweeds (Connor
et al., 2004). However, research is still needed to confirm the
validity of these choices, as ecological units should not only
reflect the datasets used to create them, but also broader bio-
diversity patterns (Commonwealth of Australia, 2005; Kench-
ington & Hutchings, 2012). Moreover, ecological maps
generated from subsets of a same database have not been
directly compared to assess differences resulting from the use
of different taxonomic groups.

Using levels of taxonomic resolution coarser than species
(e.g. family level) is another type of surrogacy method, called
‘taxonomic sufficiency’ (Ellis, 1985), which has been mainly
applied to monitor human impacts on marine ecosystems
(Warwick, 1993; Olsgard et al., 1998). This concept has only
rarely been examined for distributional patterns in natural
systems (Anderson et al, 2005; Wlodarska-Kowalczuk &
Kedra, 2007) and has not been validated for comparing mar-
ine ecological maps generated from different taxonomic
levels.

To address these gaps, this study assesses the influence of
the characteristics of biological datasets, the taxonomic
groups considered and the taxonomic resolution chosen, for
ecological mapping applications. It focuses on the Estuary
and Gulf of St. Lawrence (EGSL), eastern Canada, where
extensive sampling of benthic macrofauna communities pro-
vided a rich dataset for comparing ecological maps produced
with (1) different taxonomic groups (i.e. vertebrates, inverte-
brates, arthropods, echinoderms, molluscs, all taxa) and (2)
different taxonomic levels (from species to class).

METHODS

Study area and datasets

The EGSL region (Fig. 1) was selected as a study area for
two reasons. First, it is a well-studied ecosystem, surveyed
annually for commercial fish and shrimp biomass by
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Fisheries and Oceans Canada (DFO). Between 2007 and
2009, sampling in the lower estuary and the northern Gulf of
St. Lawrence was expanded to include all specimens collected
in bottom trawls, generating a detailed dataset on demersal
fishes and benthic macro-invertebrates over 140,000 km?>.
Second, the EGSL is a very environmentally heterogeneous
ecosystem with large spatial and temporal variations in phys-
ical conditions and oceanographic processes (Dufour &
Quellet, 2007; Dutil et al., 2009).

The DFO dataset included 561 samples collected using a
four-sided Campelen 1800 shrimp trawl, with a 12.7 mm
mesh size for the trawl-lengthening piece and the codend
(Nozeres et al., 2010) deployed for a standard 15-min bot-
tom tow (an average tow distance of 1.4 km and a sampled
area of 0.23 km?). Sampling sites were selected using a ran-
dom-sampling design, stratified for depth from 37 to
500 m. When possible, all taxa were identified to the species
level following the taxonomic classification of the Integrated
Taxonomic Information System (http://www.itis.gov/tools.
html), and the total catch weight in kg per taxon was
recorded.

Environmental variables were chosen on the basis of data
availability and knowledge from previous studies regarding
their potential influence in structuring benthic communities
(Day & Roff, 2000; McArthur et al., 2010). Some variables
were described by different metrics (e.g. ‘bottom tempera-
ture’ used the annual mean, minimum, maximum, standard
deviation and 90th percentile) to boost their potential con-
tribution to the model. While some metrics appeared highly
correlated, we used multivariate regression tree that handles
collinearity well. Environmental data were collected from
different sources, such as in situ surveys, historical data,
satellite imagery and oceanographic models (a detailed
description of the environmental metrics and sources is
provided in Table S1). All together, 32 metrics (numerical
and categorical) were used to characterize depth, geomor-
phology, surface sediment and sea-bottom oceanographic
conditions (temperature, salinity, dissolved oxygen and cur-
rent velocity). In addition, surface chlorophyll a concentra-
tion was also used in the model, being a good proxy for
phytoplankton biomass, a major food source for benthic
communities in deep waters (Witman & Roy, 2009).
Chlorophyll a concentrations were derived from semi-
monthly composite images captured by the MODIS ocean
colour sensor. However, for the North Atlantic region,
biases in these values can exceed 50% for chlorophyll con-
centrations measured during the winter (Gregg & Casey,
2007), mainly due to clouds and the high solar zenith
angle. Therefore, the interannual chlorophyll mean for the
2007-2009 period was based only on values from April to
August. All environmental metrics were available as contin-
uous features in raster or vector GIS formats, except for
bottom dissolved oxygen from the multispecies survey. This
variable was interpolated using ordinary kriging in ArcGIS®
v.10, using depth as a covariable, as proposed by Dutil
et al. (2011).

Delineating marine ecological units

Selecting a mapping strategy

Although benthic and pelagic environments are coupled (e.g.
via energy transfer), the processes controlling the distribution
of their species have been shown to be fundamentally differ-
ent (UNESCO, 2009; Spalding et al, 2012). As a conse-
quence, most studies recommend treating them separately
for the purposes of ecological mapping (Day & Roff, 2000;
Costello, 2009; UNESCO, 2009). Given the available datasets,
this study focused only on the benthic realm and did not
include species classified as pelagic by Nozeres et al. (2010),
the World Register of Marine Species (WoRMS, http://www.
marinespecies.org) or the Catalogue of Life (http://www.
catalogueoflife.org).

For the EGSL, biological data came from discrete sampling
sites distributed across the study area whereas numerous
environmental variables (e.g. salinity, temperature) were
measured or modelled over the entire spatial domain. In this
case, a common strategy consists of modelling biological
communities according to the suitability of environmental
characteristics (Pitcher et al, 2007; Degraer et al., 2008).
Here, we applied a multivariate regression tree (MRT) analy-
sis (De’ath, 2002) to identify and model specific assemblages
of taxa, or ‘community types’, in one single step. In this
approach, sampling sites were recursively partitioned into
two clusters, each partition being based on a split criterion
(threshold value) of an explanatory variable that minimized
the biological dissimilarity within each cluster. Thus, each
terminal cluster (hereinafter called a ‘leaf’) represented one
community type. The rules determined by the succession of
environmental variables defining the leaf within the structure
of the tree characterized its associated habitat (Fig. 2). Each
cluster, corresponding to a specific community type and its
associated habitat, was then mapped using environmental
layers. The spatial units thus defined were called ‘ecological
units’. The different types of ecological units (i.e. the differ-
ent habitats) formed the ‘classification legend’ that accompa-
nied each ecological map.

Although not previously used to delineate ecological units,
MRTs have been successfully used to explore relationships
between environment and community patterns in many
studies (e.g. Ruppert et al, 2010; Williams et al, 2010).
Beyond the ease of generating ecological maps, MRTs have
other advantages. The method does not require assumptions
about the relationships between communities and their envi-
ronments (e.g. linear versus nonlinear), accepts both numeri-
cal and categorical variables, handles missing data, is
invariant to monotonic transformations of explanatory vari-
ables, is robust to collinear variables and handles interactions
(De’ath, 2002). Each MRT is characterized by (1) its explana-
tory power as measured by the percentage of taxon variance
explained, (2) its predictive power as estimated by a cross-
validated relative error (CVRE) based on the division of the
data into random test groups, and finally (3) its number of
leaves (De’ath, 2002). For each biological dataset, the num-
ber of leaves of the MRT was selected via the ‘1-SE’ rule
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Figure 2 General framework used to delineate ecological units based on a simplified example of a multivariate regression tree (MRT) with
two of three available environmental variables selected as split criteria by the algorithm. Quantitative variable Env; with values x; and x,
acting as thresholds and qualitative variable Env, based on five states. Four leaves, representing four distinct assemblages of taxa, are defined
by a set of rules based on environmental variables, which is then used within a geographic information system to delineate ecological units.
Each ecological unit belongs to one of the four types of habitat designated by the number of the corresponding leaf in the MRT.

(Breiman et al., 1984), which minimized the complexity of
the tree while maintaining performance (akin to model par-
simony). Cross-validation was repeated 500 times for succes-
sive and independent divisions of the sampling sites into ten
test groups.

Transforming biological datasets

Taxa that occurred in only one sample were removed from
the dataset. The resulting database included 234 taxa, repre-
senting 11 different phyla (Table 1). Invertebrates and verte-
brates were represented by 162 and 72 taxa, respectively
(110 and 60 identified to the species level). Biomass data
were fourth-root transformed (Clarke & Green, 1988) prior
to the analyses to reduce the contribution of abundant spe-
cies to the assessment of site similarity. To circumvent the
problem associated with the use of Euclidean distances on
zero-inflated distribution matrices, data were Hellinger-
transformed (Legendre & Gallagher, 2001) prior to MRT
analysis.

1170

Generating biological matrices

To compare the effect of taxonomic group on the ecologi-
cal mapping, six biological matrices were constructed
(Table 1): Arthropoda, Echinodermata, Mollusca, All Inver-
tebrates, Vertebrata and All Taxa. The effect of taxonomic
levels was assessed exclusively on the vertebrate dataset,
which had the highest taxonomic resolution (species level
for 60 of 72 taxa). From the detailed ‘Species level’ matrix
(561 sites x 60 species), four additional matrices were cre-
ated by aggregating data at coarser taxonomic levels: genus
(561 sites x 48 genera), family (561 sites x 20 families),
order (561 sites x 9 orders) and class (561 sites x 3
classes).

Comparing ecological maps

Comparing ecological maps generated from different datasets
required the selection of a specific dataset to be used as a
reference in pairwise comparisons. In the case of comparison
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Table 1 Distribution of taxa among the taxonomic groups and
number of sites where the group was present.

Number Number Number
Taxonomic group of taxa of phyla of sites
Arthropoda 37 1 561
Echinodermata 31 1 482
Mollusca 41 1 545
All Invertebrates 162 11 561
Vertebrata 72 1 561
All Taxa 234 11 561

across taxonomic groups, the biological dataset that gener-
ated the best model was selected as the reference dataset for
comparing maps. In the case of taxonomic levels, the ecolog-
ical map generated with the vertebrate dataset at the finest
taxonomic resolution (i.e. species level) was used as the ref-
erence to assess the influence of coarser taxonomic resolu-
tions on ecological mapping.

However, two difficulties arose when comparing ecological
maps. First, there was no a priori equivalence between their
classification legends because ecological units of each map
could represent habitats encompassing different communities
(e.g. Fig. 3a,b). Consequently, a ‘common classification legend’
was used, showing correspondences between classes of the two
initial classification legends (Fig. 3c). Second, the number of
habitat types in the common classification could not exceed
that of the least complex ecological map. Thus, to maximize
the chances to find correspondences between classes, MRTs
were reconstructed by fixing the number of leaves of the trees
to be equal to that of the MRT of the reference dataset. Five
hundred iterations were run for a 10-fold cross-validation.

For each pairwise comparison, the common classification
legend was found by building a contingency table showing
sampling sites allocated to the leaves of the two trees (Legen-
dre & Legendre, 1998). The significance of the association
was tested using Pearson’s chi-square statistical test, and
residuals were visualized using association plots (Fig. 4).
When one leaf from each tree sharing a number of sites was
significantly higher than expected by chance (o = 0.05), it
was considered to be a one-to-one relationship between the
corresponding habitats of each map (Fig. 4, case A), and we
used the same label to designate them in the common classi-
fication legend. When several leaves on one tree shared a sig-
nificant number of sites with a single leaf of the other tree
(i.e. ‘one-to-many relationship’), we combined the corre-
sponding habitats to define a common habitat in the new
classification legend (Fig. 4, case B), a procedure that is com-
monly performed to increase the agreement among maps
(Jung et al., 2006). However, to remain meaningful, habitats
were only combined if they shared common biological and
environmental features, that is they corresponded to leaves
that shared a common node. Thus, the structure of each tree
was used as a decision tool for grouping of leaves (Fig. 4),
and when leaves could not be grouped (e.g. found on

Delineating marine ecological units

different nodes), only the one with the strongest relationship
was used (Fig. 4, case C where Leaf 5 of ‘All Invertebrates’ is
associated with Leaf 4 of ‘Vertebrates’, but Leaf 7 is not).
The resulting ‘correspondence table’ for each pairwise com-
parison showed the grouping of habitats that were consid-
ered as equivalent for each map as well as the new labels
used to designate these common habitats (Fig. 3c).

The ecological maps being compared (Fig. 3a, b) were then ‘re-
constructed” using the new common classification legend
(Fig. 3c). Each ecological unit was reclassified with the label of
the corresponding common habitat (Fig. 3d, e). Visualization of
data and operations on data layers was performed using ArcGIS®.

Finally, the reconstructed maps were superimposed and a
joint map’ was produced to show the geographic overlap
between ecological units with the same label in each map (Jung
et al., 2006). The resulting areas were called ‘common ecologi-
cal units’ and identified according to the common classifica-
tion legend (Fig. 3f). From an ecological point of view, these
units represented geographical areas that were characterized by
specific environmental features and distinct communities for
both groups of taxa being compared. The overall similarity
between the two ecological maps was then assessed in two
ways. First, the number of common habitats was used as a
measure of the ‘thematic precision’ of the joint map where
grouping of initial habitats (e.g. leaves 12 and 13 of Vertebrata;
Fig. 4) was considered to reduce resolution (i.e. information
on the distribution of different communities was lost). Second,
two measures were used to assess how well ‘the maps agree in
terms of the general location of each category’? (Pontius, 2002;
p.1042). The ‘overall spatial agreement’ was measured using
the percentage of the study area classified in the same way in
the two reconstructed maps (see Foody, 2006). This overall
measure corresponds to the proportion of the study area cov-
ered by common ecological units. At the individual habitat
type level, a measure of the ‘prevalence’ (Hagen-Zanker, 2006)
quantified the overlap between the reference map and the map
to which it was being compared. For each common habitat,
prevalence was calculated as the product of the relative degree
of overlap between the two maps. Two ecological maps were
thus considered to be more similar when the thematic preci-
sion was close to the number of habitats in the initial classifica-
tion legends (i.e. little or no grouping of habitats was needed)
and when the measures of spatial agreement, for the entire
classification and for each common habitat, were high.

All data analyses were performed using the statistical soft-
ware R v.2.15.3 (R Core Team, 2012), including the packages
MVPART (De’ath, 2012) and MVPARTwrap (Ouellette,
2011) for MRT analysis and VCD for contingency tables
analysis (Meyer et al., 2012).

RESULTS

Comparing ecological maps across taxonomic groups

The nine-leaf MRT based on the ‘Vertebrata’ dataset
emerged as the model explaining the highest variance (49%)
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initial classification legends in the table of correspondence (c), which is then used to reconstruct the two maps (d, e) following the
common classification legend. Blue circles in the table indicate habitats that are grouped in the common classification legend. Finally, a
joint map ‘Vertebrata versus All Invertebrates’ (f) shows the common ecological units according to the common classification legend.

and with the lowest CVRE (0.58), followed closely by
‘Arthropoda’ (45%, 0.61), ‘All Taxa’ (43%, 0.63), ‘All Inver-
tebrates’ (34%, 0.72), ‘Echinodermata’ (27%, 0.75) and
finally ‘Mollusca” MRTs (7%, 0.93) (Table 2). After adjusting
all trees to a common number of nine leaves, the ‘Vertebrata’
MRT remained the best model, followed by the ‘Arthropoda’
MRT. The ‘Mollusca® MRT remained as having the worst
overall performance with only 25% of the variance explained
and a CVRE of 0.90 (Table 2). Eleven of the 33 available
environmental metrics were retained and used as split criteria
in the trees. These metrics (Tables 2 and S1) were related to
bottom oxygen, bottom salinity, bottom temperature, chloro-
phyll a, depth and surficial sediment.

A visual comparison of ecological maps based on different
MRTs was performed (see Fig. 3a, b for the ‘Vertebrata’, ‘All
Invertebrates” and Fig. 5a—c for ‘Arthropoda’, ‘Mollusca’ and
‘All Taxa’ ecological maps; see Fig. Sla for the ‘Echinoder-
mata’ map). Channels deeper than 240 m (Fig. 1) appeared
as persistent features in all ecological maps. Other spatial
patterns were also visually identified, most notably the suc-

cession of ecological units from the deepest part of the
Esquiman and Anticosti channels (Fig. 1) to the coastal shelf.
The lower St. Lawrence Estuary also appeared as a distinct
feature.

Pairwise comparisons against the reference ‘Vertebrata’
MRT revealed varying correspondence between the leaves of
the two MRTs. For example, for the ‘Vertebrata versus All
Invertebrates’ comparison (Fig. 3 and Fig. 4), there was a
clear one-to-one correspondence between Leaf 5 of the ‘Ver-
tebrata’ partition and Leaf 10 of the ‘All Invertebrates’ parti-
tion (Fig. 4, case A), which allowed the corresponding
habitats to be designated as similar, that is ‘Laurentian Chan-
nel-Bottom’ (Fig. 3c). In contrast, leaves 12 and 13 of the
‘Vertebrata’ partition both showed a significant relationship
with Leaf 17 of the ‘All Invertebrates’ partition (Fig. 4, case
B — ‘one-to-many’). The habitats corresponding to these
leaves were combined and identified with the label ‘Shelves’
in the new classification legend (Fig. 3c). Another one-to-
many relationship involved Leaf 4 of the ‘Vertebrata’ parti-
tion and leaves 5 and 7 of the ‘All Invertebrates’ partition.

1172 Diversity and Distributions, 21, 1167-1180, © 2015 John Wiley & Sons Ltd
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common classification legend.

However, because the latter two leaves were separated by
more than one node (Fig. 4, case C), only the most signifi-
cant relationship, that is between Leaf 4 and Leaf 5, was used
to create the class ‘Laurentian Channel-Head’ in the com-
mon classification legend (Fig. 3c). Class 7 of the ‘All Inver-
tebrates’ map was combined with other classification
disagreements in the new classification legend (Fig. 3c).
Finally, the ‘“Vertebrata® and ‘All Invertebrates’ maps were
reclassified using the new classification legend (Fig. 5d—e).
Common ecological units, that is the intersection between
units in both maps designated with the same label, covered
61% of the study area. This overlap represented a substantial
overall degree of agreement between the two maps, especially
considering that the thematic precision of the new classifica-
tion legend, that is seven common habitats, was close to the
initial nine-leaf classification (Fig. 3f, Table 3). However, the
degree of overlap varied greatly depending on specific habi-
tats, with prevalence ranging from 21% for the ‘Laurentian
Channel — Head’ habitat to 79% for ‘Laurentian Channel —
Bottom’ habitat.

Common ecological units resulting from pairwise compar-
isons between the reference ‘Vertebrata’ map and the ‘All
Taxa’ and ‘Mollusca’ maps showed the existence of strong
common patterns in the distribution of the three groups of
taxa (Fig. 6a, b), although the performance of the corre-

sponding models differed notably (Table 2). The highest
similarity was found for the ‘Vertebrata versus All Taxa’
comparison, both in terms of thematic precision of the com-
mon classification legend (i.e. nine classes) and the overall
spatial agreement (i.e. 75%) (Fig. 6a, Table 3). The pairwise
comparison with the ‘Mollusca’ map gave exactly the same
quantitative results as in the ‘“Vertebrata versus All Inverte-
brates” case, that is seven classes of common ecological units
and an overall spatial agreement of 61% (Table 3). Visually,
the corresponding joint maps were very similar (Fig. 3f and
Fig. 6b). The worst level of similarity between ecological
maps was seen in the ‘Vertebrata versus Arthropoda’ case,
which still showed a thematic precision of six classes and an
overall spatial agreement of 55% (Table 3, Fig. S2a). In all
comparisons, the range of prevalence for the different com-
mon habitats was highly variable (Table 3), the highest score
being obtained, in four comparisons of five, by the habitat
corresponding broadly to the ‘Laurentian Channel — Bottom’
in the ‘Vertebrata versus All Invertebrates’ map.

Comparing ecological maps across taxonomic levels

The ‘Species level’ MRT showed characteristics similar to the
general ‘Vertebrata® MRT, that is 47% of the total variance
explained and a CVRE of 0.58 (Table 4). A similar level of
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cross-validated relative error. Environmental variables and metrics used as split criteria are indicated by a cross (x). See Supporting Information (Table S1) for a full description of

Table 2 Multivariate regression trees (MRTs) based on different taxonomic groups for an optimal size (in bold) and for an imposed size of nine leaves (in italics). CVRE represents the
environmental variables and metrics.
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MRT characteristics

. Fontaine et al.

Sediment

Depth
Depth

Bottom salinity Bottom temperature

Bottom oxygen

Variance

Chlorophyll a

Chl_mn

explained

(%)

Number

Taxonomic group
used in the MRT

Sed_69_classes

_1n90_ T _min_M T mn_M

S_n90_M

S_mn_M

S_max_M

O,_Survey

mn_Stats

O,

CVRE

of leaves

MR MR

MR KR

0.61
0.60
0.75
0.74
0.93
0.90

45

Arthropoda

49
27
34

Echinodermata

Mollusca

25

® R MR

® R MR

® R MR

0.72
0.58
0.63
0.64

34
49
43
42

All invertebrates
All taxa

Vertebrata

performance for both criteria (i.e. 46% and 0.60, respec-
tively) was obtained at the family level. At the genus level,
the percentage of variance explained dropped to 42% while
the CVRE rose to 0.64, the worst performance seen in this
set of trees. The best models were the ‘Order level’ and ‘Class
level’ MRTs, the last one reaching a percentage of 67% for
the variance explained and a CVRE of 0.50. However, these
relatively good performances must be balanced by the fact
that the biological matrices modelled were far simpler at
those taxonomic levels, with only nine orders and three
classes, compared to the 60 taxa of the ‘Species level’ matrix.
Bottom oxygen, bottom salinity, bottom temperature, depth,
chlorophyll a and sediment were commonly selected as
explanatory variables (Table 4). Ecological maps correspond-
ing to the five taxonomic levels were quite similar visually
and shared the same broad features as already mentioned in
the comparison between different taxonomic groups (see
Fig. 5d—f for the species, family and class levels and
Fig. Slb—c in Supporting Information for genus and order
levels). Spatial agreements of the ecological maps at the fam-
ily, order and class levels with the ‘Species level’ ecological
map were high, with an overall spatial agreement of 70 or
71% and a range of prevalence varying from 60% to 93% for
the different habitats (Table 5; Fig. 6¢, Fig. S2¢, Fig. 6d for
the respective joint maps). The habitat corresponding to the
‘Laurentian Channel — Bottom’ appeared again as the most
spatially congruent among all comparisons. However, the
thematic precision of the common classification legend was
better at the family level (seven classes) than at order and
class levels (five classes). The ‘Family level’ ecological map
can then be considered as giving information closer to the
reference map than the two other maps. Eight common
classes were identified in the ‘Species versus Genus level’
comparison, but the overall spatial agreement between the
two maps (63%) was lower compared to the other cases and
the prevalence was also fairly low (34%) for one specific
habitat (Table 5; Fig. S2b in Supporting Information).

DISCUSSION AND CONCLUSIONS

The goal of this paper was to assess the influence of selecting
specific taxonomic groups and taxonomic resolution on the
creation of ecological maps. Our results indicate that datasets
of limited taxonomic breadth or limited taxonomic resolu-
tion can generate ecological maps that are very similar to
those created by more extensive biological datasets.

Influence of taxonomic groups in ecological
mapping

Among all pairwise comparisons, the ‘Vertebrata versus All
Taxa’ comparison should be considered as a special case as
the first dataset was a subset of the second. The high level of
similarity found between the two maps and the strong per-
formance of the ‘Vertebrata® MRT suggest that this taxo-
nomic group could be a good surrogate to represent benthic
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Figure 5 Ecological maps established
from nine-leaf MRTs based on different
biological datasets. Distinct habitats are
identified by different colours. Areas not
classified by the model appear in white.
Maps (a) Arthropoda, (b) Mollusca and
(c) All taxa are used for comparison
across taxonomic groups. Maps (d) to (f)
are used for comparison across
taxonomic levels and are based on the
“Vertebrata’ dataset reduced to taxa
identified at the species level. Map (d) is
based on records at the taxonomic level
of species whereas maps (e) and (f) are
based on datasets aggregated at family
and class levels, respectively.

biodiversity in ecological mapping applications. However,
some caution is needed as this high level of similarity and a
prevalence of 100% found for five common habitats out of
nine could also indicate that the vertebrates’ group has a
large influence on the dissimilarity measure calculated on the
‘All Taxa’ dataset, at least in our study. In contrast, for the
other pairwise comparisons, biological datasets were mutually
exclusive so that the high degree of correspondence found
between the maps could be truly considered as an indication
of redundancy of the biogeographic information contained
in the two datasets. In comparison, previous studies that
analysed biogeographic patterns for different taxonomic
groups showed inconsistent results. On one hand, the simi-
larity between the biodiversity patterns of invertebrate
megabenthos and the limits of ecoregions derived from the
distribution of fishes for the Australian margin (Williams
et al., 2010) is consistent with the present study (‘Vertebrate’
versus ‘All Invertebrates’ comparison). On the other hand, in
contrast to the present study, those patterns were not neces-
sarily preserved when each major taxonomic group was con-
sidered separately (e.g. Molluscs, Demospongiae). Likewise,
dissimilarity of distribution patterns was seen among differ-
ent invertebrate groups (i.e. Arthropoda, Mollusca, Annelida,
Bryozoa) and the entire invertebrate assemblage (Anderson
et al., 2005). Even when a specific taxonomic group (e.g.
polychaetes) was determined to be a good surrogate for
assessing natural benthic distributional patterns (Wlodarska-
Kowalczuk & Kedra, 2007), the taxonomic dominance of the
group was considered to have strongly influenced the pat-

Delineating marine ecological units

terns observed for the entire benthic community. Our find-
ings contrast with most previous work as they clearly
indicate that different taxonomic groups can lead to spatially
similar ecological units. Thus, these groups can be used indi-
vidually in ecological mapping applications to represent
benthic marine biodiversity when more comprehensive
biological datasets are not available. This conclusion, thought
to be true for demersal fishes (Commonwealth of Australia,
2005; Briggs & Bowen, 2012), has not, however, been well
documented until now.

Our findings could simplify substantially the logistics in
ecological mapping studies by focusing on specific taxonomic
groups. Given the relatively good knowledge of fish distribu-
tions via commercial catches and scientific surveys, this
group should be a good candidate in many ecological map-
ping applications. Further, it would be interesting to deter-
mine whether a fish dataset limited to a few species could
still be robust in delineating meaningful ecological units. The
work completed by Reygondeau et al. (2012) using catch
rates on a limited number of large fish species suggests that
this is a possibility, at least for the pelagic realm. However, it
should be noted that the Gulf of St Lawrence is a highly
stratified ecosystem (Koutitonsky & Bugden, 1991), which
may have accentuated the differences among habitats and
thus favoured the identification of common patterns between
different taxonomic groups. Thus, caution should be used
before applying these results indiscriminately to other envi-
ronments, and other studies are needed to confirm or
nuance these conclusions.
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Influence of taxonomic resolution in ecological
mapping

The ecological rationale for taxonomic sufficiency resides in
the idea that phylogeny can reflect morphological similarities
between taxa that share functional traits and thus can be
influenced in the same way by environmental drivers (Roy
et al., 1996; Anderson et al., 2005; Wlodarska-Kowalczuk &
Kedra, 2007). The use of coarser taxonomic resolution

Table 3 Measures of the degree of agreement between
ecological maps based on different taxonomic groups. The
“Vertebrata’ ecological map was used as a reference for each
pairwise comparison. Thematic precision corresponds to the
number of habitats in the common classification legend. The
overall spatial agreement represents the intersection between
units in both maps identified with the same label in the
common classification legend and is measured by the proportion
of the study area covered by common ecological units. For each
common habitat, the prevalence expresses the degree to which
the habitat in one map overlaps with the same habitat in the
other map.

Spatial agreement (in %)

Range of
prevalence

for the different
common habitats

Taxonomic groups
used in the comparison ~ Thematic

of ecological maps precision  Overall

Vertebrata versus 6 55 17-79
Arthropoda

Vertebrata versus 6 66 32-92
Echinodermata

Vertebrata versus 7 61 51-89
Mollusca

Vertebrata versus 7 61 21-79
All Invertebrates

Vertebrata versus 9 75 40-100
All Taxa

presents obvious advantages such as reducing costs related to
species identification. Identification at coarser levels provides
savings that can be estimated by taking the complement of
the ratio of the number of coarser taxa to the number of
species (Ferraro & Cole, 1995). In the case of vertebrates,
identification at the genus, family, order and class level could
reduce costs on the order of 20%, 67%, 85% and 95%,
respectively. Moreover, the use of coarser taxonomic resolu-
tion can also reduce the risk of potential identification errors
(Wlodarska-Kowalczuk & Kedra, 2007).

The similarities found between maps based on data aggre-
gated at different taxonomic levels confirm previous work
showing the concept of taxonomic sufficiency could be
applied to both studies of natural benthic variability and pol-
lution studies. In most earlier studies, a taxonomic resolution
at the family level was sufficient to describe natural distribu-
tion patterns for different taxonomic groups (Roy et al,
1996; Pitcher et al., 2002; De Biasi et al., 2003; Linse et al.,
2006; Joydas & Damodaran, 2013). This finding is consistent
with the high degree of agreement found here between eco-
logical maps at species and family levels. However, our study
also showed a good correspondence at coarser taxonomic
levels, that is order and class, although with some loss of the-
matic precision in the common classification legend.
Whereas the use of coarse taxonomic levels has been rela-
tively well studied in the context of perturbation detection
(e.g. Olsgard et al., 1998), very few studies have addressed
this issue with regard to natural distribution patterns. At
least two other studies based on different ecosystems (kelp
holdfast communities (Anderson et al., 2005) and benthic
macrofauna of an Arctic fjord (Wlodarska-Kowalczuk &
Kedra, 2007), established that different taxonomic levels up
to the order level provided similar levels of distinctiveness in
their distributional patterns, becoming less distinct at the
class and phylum levels. Our study showed that even at the
class level, for which our vertebrate dataset contained only
three classes, we were still able to detect the main ecological
units in a relatively diverse ecosystem. To our knowledge,

(a) Vertebrata vs. All Taxa

(b) Vertebrata vs.Mollusca i

Figure 6 Joint maps showing common
ecological units for the comparison of
four pairs of ecological maps. Distinct
common habitats are identified by
different colours. Areas not classified or
showing classification disagreement

appear in white. For comparison across

(c) Vertebrata: species vs. family level »é

(d) Vertebrata: species vs. class level p

taxonomic groups, ‘Vertebrata’ ecological

2 map is compared to (a) “All Taxa’ and

7 ) (b) “Mollusca’ ecological maps. For
7 comparison across taxonomic levels, the
7 ecological map based on the “Vertebrata’

dataset at the species level is compared to
the map created from the same dataset

5 N i aggregated at (c) family and (d) class
5. / levels.
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Table 4 Multivariate regression trees (MRTs) based on taxa of the “Vertebrata’ dataset aggregated at different taxonomic levels for a
fixed size of nine leaves. CVRE represents the cross-validated relative error. Environmental variables and metrics used as split criteria are
indicated by a cross (x). See Supporting Information (Table S1) for a full description of environmental variables and metrics.

MRT
characteristics Environmental variables and metrics used as split criteria
Bottom
Bottom salinity temperature
Taxonomic  Variance Bottom oxygen Chlorophyll ¢ Depth  Sediment

level used in  explained O,_mn_ Smin_ Smn_ S n90_ T min_ T _n90 _

the MRT (%) CVRE  Stats M M M Stats M Chl_mn Depth  Sed_69_classes
Species 47 0.58 X X

Genus 42 0.64 X X X

Family 46 0.60 X X X X X

Order 55 0.54 X X X X

Class 67 0.50 X X X

Table 5 Measures of the degrees of agreement between
ecological maps based on species of the “Vertebrata’ dataset
aggregated at different taxonomic levels. The “Species level’
ecological map is used as a reference for each pairwise
comparison. Thematic precision corresponds to the number of
habitats in the common classification legend. The overall spatial
agreement represents the intersection between units in both
maps identified with the same label in the common classification
legend and is measured by the proportion of the study area
covered by common ecological units. For each common habitat,
the prevalence expresses the degree to which the habitat in one
map overlaps with the same habitat in the other map.

Spatial agreement (in %)

Taxonomic levels Range of prevalence
for the different

precision  Overall common habitats

used in the comparison = Thematic
of ecological maps

Species level versus 8 63 34-89
Genus level

Species level versus 7 71 60-93
Family level

Species level versus 5 71 68-93
Order level

Species level versus 5 70 68-90

Class level

this is the first successful use of such coarse taxonomic levels
in marine ecological mapping applications.

Methodological considerations

The approach used in this study for assessing the congruence
of distributional patterns between datasets was innovative
compared to earlier works. Previous studies examined the
degree of agreement of different biological datasets with pre-
vious biogeographic classification using ordination methods,
for example non-metric multivariate dimensional scaling

(nMDS) or statistical tests such as analyses of similarities
(ANOSIM). By contrast, the use of MRT analysis allowed us
to spatially delineate ecological units by taking into account
only the portion of biological dissimilarities that could be
explained by environmental drivers. The comparisons
between different biological datasets were thus less influenced
by compositional variability. This characteristic can also help
explain how a rather poor model like the one based on ‘Mol-
lusca’ allowed delineating ecological units fairly similar to
those of the ‘Vertebrata’. Using a 10-fold cross-validation
based on 500 bootstrap resamplings, the predicted values
used to produce the mapping of ecological units closely fol-
lowed the random forest framework (Thomson et al., 2014).
This framework is robust against the weakness of the stan-
dard MRT in which the selection of variables used as split
criteria may influence and may be influenced by the entrance
order of the other variables (Ellis et al., 2012; Loh & Zheng,
2013). Therefore, maps based on the cross-validated pre-
dicted values are quite robust against potential biases in vari-
able selection.

Another novel aspect in our approach is the ability to cre-
ate joint maps that allow patterns common to two groups of
taxa to be visualized. Because common ecological units are
based on separate determination for each group, they pro-
vide a double ‘biological legitimacy’ in terms of being sup-
ported by independent datasets. A high percentage of
prevalence in most of the comparisons for a given habitat,
for example the ‘Laurentian Channel — bottom’, is an indica-
tion that the delineation of that habitat is meaningful for the
taxonomic groups being compared. However, a low percent-
age of prevalence is an indication that the limits of this habi-
tat are not clear and may be sensitive to specific taxonomic
group used in the analysis. Zones of disagreement between
the two maps, indicated in white on a joint map, should
thus be viewed as transition zones, implying that boundaries
between ecological units are likely gradual as suggested previ-
ously (Day & Roff, 2000; Cameron & Askew, 2011). For each
comparison, common habitats with the highest degree of
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prevalence indicate that the corresponding ecological units
are the most spatially congruent. Finally, we hope that spa-
tial-explicit approaches such as the ones presented in this
paper can help better understand how biological datasets
characteristics such as taxonomic breadth or resolution influ-
ence the creation of ecological maps. Such an understanding
should lead to a more rigorous use of ecological maps that
are increasingly used to support diverse ocean management
decisions.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Table S1 Environmental variables and metrics.
Figure S1 Ecological maps (complement to Fig. 5).

Figure S2 Joint maps (complement to Fig. 6).

BIOSKETCH

Anne Fontaine works in environmental management for
the French Ministry of Ecology. Her research interest lies in
developing tools, especially maps, which help policymakers
in various aspects of marine biodiversity assessment and
management.

Editor: Enrico Di Minin

1180 Diversity and Distributions, 21, 1167-1180, © 2015 John Wiley & Sons Ltd


https://www.mfe.govt.nz/sites/default/files/marine-environment-classification-jun05.pdf
https://www.mfe.govt.nz/sites/default/files/marine-environment-classification-jun05.pdf
https://www.mfe.govt.nz/sites/default/files/marine-environment-classification-jun05.pdf

